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ETHYLENE- ALPHA- OLEFI N POLYMERS PROCESSES AND USES Field of the
| nventi on This invention relates to ethyl ene-ol efin polyners,
processes f@gmﬁ production, and uses thereof as |ow POraS9kAL621
wei ght liquird,”~solid or wax-1ike products. 5 Background of the

I nvention I ncreasing demand in the oil industry has created a
need for a high performance synthetic base oils with | ow volatility
and high oxidative stability. Currently, poly- al pha-ol efins (PAO are
used as synthetic base oils but costs 10 are high. This has created a
demand for a | ow cost alternative to PAO such as synthetic

hydr ocarbons with equi val ent or better properties. The present

i nvention is based, in part, on the surprising and unexpected

di scovery 1 NBLRebLS BASE TR 1 FieRe aiRidNes dihenips | to 15
notor oils or f ) 5 wWith

properties equivalent to conmercial PAQ Various prior art
publications are available relating to pol y-al pha-olef in polyners.
Ref erence may be made to U. S Patents 4,668, 834, 4,542,199,

5, 446, 221, 4,704,491, 20 4,377,720, 4,463,201, 4,769,510, 4,404, 344,
5,321, 107, pield Bflthe?Ghveht3oh 046, 4,794,096, 4,668, 834, 4,507,515, and
5, 324, 800. VEny f, _these_ prior . aﬁ_r']t at eﬁés i nvol ve;,_.

pol yneri zation of STVeRtinn retahes o ’f FHEYISPRgCAeTin ROIYRETE!
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’ nt1

5 Background of the Invention
Increasing demand in the oil industry has created a

need for a high performance synthetic base oils with low
volatility and high oxidative stability. Currently, poly-
alpha-olefins (PAO) are used as synthetic base oils but costs

10 are high. This has created a demand for a low cost
alternative to PAO such as synthetic hydrocarbons with
equivalent or better properties. The present invention is
based, in part, on the surprising and unexpected discovery
that synthetic base oils may be formulated directly into

15 motor oils or fractionated into different viscosity grade -
oils with properties equivalent to commercial PAO.

Various prior art publications are available relating
to poly-alpha-olefin polymers. Reference may be made to U.S.
Patents 4,668,834, 4,542,199, 5,446,221, 4,704,491,

20 4,377,720, 4,463,201, 4,769,510, 4,404,344, 5,321,107,
5,151,204, 4,922,046, 4,794,096, 4,668,834, 4,507,515, and
5,324,800. Many of these prior art patents involve
polymerization of ethylene or poly-alpha-olefins using a
catalyst combination comprising a transition metal complex

25 and an aluminoxane.

The present invention provides polymers of poly-
olefins which have a high viscosity index, low pour point,
low cold cranking viscosity, high fire point and excellent
oxidation stability.



| ow cold cranking viscosity, high fire point and excel |l ent oxi dati on

stability. WD 98/ 58972

PCT/ US98/ 12621 2 Summary of the

I nvention ywo 9g/58972 It is accordingly an object of the prepefusogyfaii on
to provide a novel series of ethylene-olef in copolyner and t er pol yner
conpositions useful as base oils for the25 production of synthetic

| ubri cati ng’ oi | s. A further object of the invention is to

provi de a m&g%&}i@uﬁ@gioduction of copolyners of ethylene and
ol efins and the re It| n %&‘ﬁ}%ﬁéﬁfﬁg St b gﬂe pres¥hEC9ﬁJ‘rE¥.R5.Bﬂe

| ow pour point, VI SCOSi
further objt@ctpEdvidhe praemetl igemies otnfl sthwlene-odﬁf-\ﬁlfﬁec%PQlﬁ@égsanr

the br epar A Sfnd! PobiBE St bne | uddil eNis aBadleel IGLEI fot ! Lie

nonomeric rea u%me‘rs have uni que characteristics as
synthéic mg@ups:lorm% synthetic lubrigagd®9 QikSrer object of the

plr)esentdl Bvent ion lﬁﬂz‘ fﬁfther I@Ha\ék di-? @ESEhbe&rﬁfeM&hdmel ermvidé?atﬁ
obt ai ned by t her mal _cracki of, the co rs and_ter rs of the
i nventi on RRPSRTteESEs ths PHQQ%FS&E?& |‘6ﬁ 83‘/’«5? of é{%l)/fe Sanll
further objaeifigfs t f’&hd NwHy | areswl t ingr oydigmers whsehl ebawvke pal yl'mgl'nc
products Whl .ch are t dr og nat ed uct r g
procedure ar et%sé'? 3t oW t R&Ypr O%%%{QE er eoCF"a Q&‘idml—;rgﬁﬁﬁﬁkn
furt HEQ oijacscoﬁliiyh.e [ nvent ion is to provide 25 synthetic base oils
for the product] 39 ]] Sf%ﬁﬂ:t %b ect '&P%@@P&%sent invention Ad ¢ot her
e nove qU|

object is to provi wax- roducts for the
cosmetic, Byevide RouREPReds £RF “the pR¥eRABRtESRe Q%dﬁﬁmw'%ﬁ of

A furt her AURAlertd, AR L1F1lH OindSal WA fienéRkirdc readtdht pohRAch ke
pl astics useful _as 'seal ant s, t her nopl asti c el astoners, .r.ubbers. and

mol ded pr od§d@olymers have' umdue.rhagacterighiciyart BT IRePFrSsent

i nvert$ on Willls becone apparent as the description thereof 35 pr oceeds.

An even further object of the present invention is to

provide a series of novel polymeric products obtained by

thermal cracking of the copolymers and terpclymers of the
invention and processes for the production therefor.

20 A still further object of the invention is to provide
a series of polymeric products which are the hydrogenated
products of the thermal cracking procedure and processes for
the production thereof.

A further object of the invention is to provide

25 synthetic base o0ils for the production of synthetic
lubricants.

A further object is to provide novel liquid and wax-
like products for the cosmetic, textile, household, and
personal care industries.

30 A further object of the invention is to provide solid
and rubber-like plastics useful as sealants, thermoplastic
elastomers, rubbers and molded products.

Further objects and advantages of the present
invention will become apparent as the description thereof

35 proceeds.

In satisfaction of the foregoing objects and
advantages, the present invention provides a process for the



In satisfaction of the foregoing objects and advant ages, the present
I nvention provides a process for the

3 productmrghge; At I ene ol efin copol ymer, conprising the
steps of: wo 98/58972 e 7 ng et hyl ene and at | eamsulzsjll n
I n t he pres BB at al yst conbi nation conprising a 5
conpound of a transit oup 3Vb of the Periodic Tabl e
and an al um noxane to produce a copol yner; and optionally,

b) subj ectpgdattiensiofa f1réthplehesolefdopaopaiymer, comprtisirizerthé
cracki ng to rodu%e a cracked hydrocarbon, or 10 hydr oi soneri zi ng
sai d copol produce an i sonerization hydr ocar bon product.
The present | nvent adn pbigmprdizings etbydlensopoid/ sy deast one oltimnin
fromthe pLHCESS ANl ' E?yel t acked
product . &%h{'}%veé |§a?1 :ﬁ%n%a% 1n tl r§ldP§5'§]¢l§1tlonéof t he

pol ynEr ommundr of eh&ransition metdhepf cGE@RPnQVPr 9§e e Poriedie a

hydr ogenatpghfQPOLYAEr an  aluminoxane £BE BRRAEEET P! QYHAd MWyt heand
reacti on of ethyl ene and an olefin in the process of the

i nventi on PRYyigBally, characterized as fol | ows: 20 (a)
mol e % et hyl ene of bﬁroauiae&ﬂ@’/oat least a portibh) ofushadid asclPmer

nol ecul ar wei ght of nol ec r i ght
T sty bo it Shes¥ialy EPdcking to progype,'d ) RackEbBYEFoddkpon, or
(e) aoheathydrdisbmerliedngasadid weipolymended 5produce an( fisomemiczat pon nt

of bel ow In a further enbodi nent, the present
i nventi angf’chaogggﬁoln Pr°8}‘8\‘i| des a process for the production of a
t er pol ynmer by The presevti dnventéenpelgreproxides bovél icopokymers

et hyl ene, &%talnfd fro ea@ﬁeorig‘o ff‘zQPi‘BHEn%Pééégéenén&rcﬁﬁét I'}Yé'f £

and at one nononer rorsing an et heni ca

unsat ur at e%h%’;’/‘ﬂ?%é&r b%’ﬂ”ag’ééﬁ aBr%u%Fefl n Thei RFesenf hdmvention ak EF\‘al n
lengts of Dhepb@est hmf&g@ﬁatwntfwfprtwnpalgﬁe& obtained Cfi8hySthe

combl 1201 oL EOUBE! o 1 2, COIRONDC. o 8. LA U Bl o cgenat oq KRSl Bletr 17
is the novel teThel yapolymer prodyedubygd thes reactionl bf @dthylene
Process. a—h'aﬁn 5% %1n in the process of the invention may be
characterized as follows:
20 (2a) % ethylene of from 50 to 75%;

(b) molecular weight of < 2000;

(c) molecular weight distribution of < 2.5;

(d) bromine number of < 53;

(e) a head to tail molecular structure; and

25 (f£) a pour point of below about 0°C. '

In a further embodiment, the present invention also
provides a process for the production of a terpolymer by
reaction under polymerization conditions of ethylene, at
least one olefin monomer different from ethylene, and at

30 least one third monomer comprising an ethenically unsaturated
hydrocarbon such as an olefin having a carbon chain length of
greater than three, in the presence of a catalyst combination
comprising a compound of a transition metal of Group IVb of
the Periodic Table and an aluminoxane. Also provided is the

35 novel terpolymer produced as a result of this process. This
novel terpolymer may also be thermally cracked and
hydrogenated, or hydroisomerized.

THIS SHEET HAS BEEN
REPLACED




terpol ymer may al so—be-thernmally cracked and hydrogenat ed, or

hydr oi soneri zed. — e W\-98/58972
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Descri pti ogy@bdg/ég9e¢z | nventi on The present inventipmer/osésa2ést i n
one enbodi nent to a process for producing copolyners of ethylene and
an olefin pol ymer, conprising polynerizing ethylene and one or nore 5
ol efin nonomer s having 3 to 20 carbon atonms under

pol ynmer i zDete Déei VS tE-'ataIyst conbi nati on

conprising a Eonpogﬂg g%ethEagﬁb%hﬂpc%FEélégés 13] :ﬁ?ﬂ‘éﬁﬁgnﬁ

Peri odi ¢ Tabl e and um noxane rrent
obt ai ned mmrfpg Bt ing t eorolymers: @ eet?lacl@zhg apd an olefm

hydr oi SOl Pahd £ b AR 1y #b!ymb?&zzng é%ﬁfféﬁepgﬁﬂ“%nésoiumﬁ¥éed

t o hydrogenat’ on. his invention_further concerns a progess
for S ﬁ%ﬁ%@ng“‘&?@ﬁﬁﬁ enB2BEREi n 3pol §Rer 20coMATREMg RREME; o i1 der
of 1 pol ynesoXymereayione eéofdotgons nixe sHeef | mreﬂSa dh’td]f}gstﬁ to

20 b h f

compound. SOTDTRARLPR; SRTREAIRY & cREPRHE f, % EPREE e PRIMECRbIY and
an alumlunmmup Nt of tﬁgdPer&odﬁd:mahiehandbamla&hmnqumme In a

By ethy! el neBbuiRnct "t d SHEANed dloo1 B! 1L YR By

reaction o norrer and one t I on
monok@r s cﬁhmhbmackaogu it ypydroisdaer tzalyiene- andf opmp@laghim msh,e be,

i Sea Sy AT P 1o il b dgbhsepbirer, o c

depending on t Int rocess. 25
In one enbodi ment BRiBheipvedsdeoros funtheny FPREAINS 2 tE€QQ%§Q|r§?r

material tgrddudeigt ant @tlﬁﬂ.éﬁ@«%l@fiﬂnpolmerr‘%a(‘%cbrﬂﬁrﬁyﬁﬁgﬁfhé %t’é?é ure
I NS nhavl ou

of ethylene. (eth and ng. a
O bon” ot Gt “RAIVEEr AR Y ethyt ene I Sns' bl e | T L 0H! sprgexs
pr ef 88 abl 3hahmg 2 to 30 c&bbonl etoms efrer ahéypaiwdncﬂet@fSE rRitalysand

the cont efgo,&gma %%hgg%%fl'&gn:%légéﬁf)g&h& agous téoaxrlg%g?.oﬂnl'ngé%%s of (he

preferably eCcITrc éexanp
one or norGraRf Iﬁb /i hhe Peripdic ZU'abd-lebonandoml vmliemlmabe,u@edi as a

starting mRjFdPeorerizifigt PRePLBEaIhA PdliymdPvention are 1-propene
(propyleney, By ethylene-olefin polymer, there is meant a

20 copolymer obtained by reaction of an ethylene monomer and one
or more additional olefin monomers of suitable reactivity.
The ethylene-olefin polymer may be, for example, a copolymer,
a terpolymer, a tetrapolymer, etc., depending on the number
of monomers reacted in the process.

25 In one embodiment of the process of this invention,
the starting material to be fed to the polymerization
reaction system is a mixture of ethylene (ethene) and one or
more olefins having about 3 to 20 carbon atoms. The content
of ethylene in the starting material is preferably about 2 to

30 80 mole%, preferably about 4 to 55 mole%, and the content of
the olefin is preferably about 20 to 98 mole%, preferably
about 35 to 96 mole%.

Specific examples of the one or more olefins having
3 to 20 carbon atoms which may be used as a starting material

35 in the process of this invention are l-propene (propylene),
l1-butene, l-hexene, 4-methyl-l-pentene, l-octene, l-decene,
l-dodecene, 1-tetradecene, 1l-hexadecene, 1l-octadecene, 1-



1- but ene, 1-hexene, 4-nethyl-|-pentene, 1-octene, 1-decene,
1- dodecene, 1-t et radecene___1- hexadecene, 1- oct adecene, 1-
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5 ei oo onsso7st yrene and [err]-net hyl styrene, 2-nethyl - | POTMUSHE 12621
met hyl -1 - hexene, 3-nethyl -1-but ene, 4-nethyl-1-pentene, 2-

net hyl -1 - pent ene, 2-nethyl - -propene. 5 In an inportant
enbodi ment of the invention, liquid 5 copol ymers and terpolynmers are

provi ded. eikoecenklystyirquedand «-mepbylesyrents 2amsiiairs-hutepeodiced
wnen the %@Hﬁ&%ggaPeggn%rgé%étﬂggdltautgﬁeqol4/%_&1:&9&@%@&%@&1&“ bs

| ess t han erce However, |iquid polyners may al so be
produced use®BYhryhBEnEeHRet £ et t brRXPPeBecompnoner is 10 used which

i nt ro]gucte?] |OnggrdihdﬁtncE%ﬁ&ﬂﬁ?@demiﬁ&iﬁé??ﬂdfuﬁhe invld:rgiibrihelﬂqildﬁer-

n a further epbodi nent, sem -soli ow nel tin ol i and, sol |

pol yners ﬁ@ﬁlmeﬁﬁom&e@m%ng§ Pr°‘”‘§?9'us§%‘?ef%i]dﬂu$ehq\7\bgn

t hle_ St hyljewpswﬁe_ ?_FsdiaiiudTwsrpdSBﬂnéﬁs aa'EOlprodZﬁ:erbl eheneltMtanrt]ountHom,Ever :

solid and _seni-soli ._polyners. can _be_ produ en. tk t e

cont ent isewg}'@?e useq pig b o ) 1$ﬁe%§%é§]l%ngﬁoﬁ:§ﬁ§ than

The cat al yaboutnbd nablenpersenti.n Howepelrynddigrid @elymerp rmaysaksoadbet he

present i ' alr.e . I IEH%@ t ofr; .zaLion

reacti ons w%éhgggt gg&!@s hi coa?rr'?p?%;&es pcggf g{rzéﬁ'}% ntghe:L %oléc n&dg‘%r?ﬁé%f i‘% a)

net alPoceresed whichpdintisoduces ipngesnmsudeaischalast ignd ti & Al up}

G oup L AVE Ef‘etﬁglﬁﬁ{f‘qdi c Table and (b) an al um noxane.
odn

Such netall ocene co s are preferably tri- and 25_, tetiaval ent . netals
having one or t#B dafurthes  pmbpgament, semdrscoldd 1 (LRW: Heetk bog
CO%” si ][lgsh&é&hgpeahaggt@_mtmi pgﬂgﬂ!é)ﬂs, _atrﬁ alfsldJ@Vx@%il k|dém?.l h Sthfh f’ﬁt?(%(}?ﬂ:@tl sl
nunber o rogen. subst i e a al ken aryl, alkylaryl,
aryl akyl O§¥%eﬁggaliy PF&’&u‘{%ﬁ‘js "flberh\(l)%? %\%\&i?ﬁgr8°§¥§hﬁdﬁ é‘r‘?ﬁql?ﬁﬁﬁds,
t heylfay bab8@t 171%e mebe ercénerent Howelrenr; e solidr awdhneaxmi-dylid

bri dgi ng p sgle fr u | Si Iy e,
[err] [er r?o}%'rq%?g F%Fr?géltﬁg%utc ﬁ%&gﬁngi-%y%}: %&g&{dé d&ta%r%lﬂs ??J%ﬂrlé;/

radi cal s, thant 8%t deppading are thr other copmeBewErsthe non- hapto |igands
are either hal ogenpe Batalyst! behididat ioMs AUsed'ars ¥He P i 24t 168

tetraval ency or ) .
processes of the present invention are well known as

20 catalysts for such polymerization reactions. Such catalysts
comprise preferably the combination of (a) wmetallocene
compounds which are compounds of a transition metal of Group
IVb of the Periodic Table and (b) an aluminoxane.

Such metallocene compounds are preferably tri- and

25 tetravalent metals having one or two hapto =n°-ligands
selected from the group comprising cyclopentadienyl, indenyl,
fluorenyl with the maximum number of hydrogen substituted
with alkyl, alkenyl, aryl, alkylaryl, arylakyl or benzo
radicals to none. When there are two n°-ligands, they may be

30 the same or different which are either connected by bridging
groups, selected from the group comprising, C,-C, alkylene,
R,8i, R,Si,, R,8i-0-Si-R,, R,Ge, R,P, R,N with R being hydrogen,
alkyl or aryl radicals, or the two #°-ligands are not
connected. The non-hapto ligands are either halogen or R,

35 there are two or one such ligands for the tetravalency or
trivalency transition metal, respectively. Where there is
only one hapto 7°-ligands, it can be selected from the group



trival ency transitionmmetat;, Tespectively. Were there is only one
hapto [err]-ligands, Tt can be Selected fromthe group WO
98/ 58972 PCT/ US98/ 12621
6 conpoiogasgz cycl opent adi enyl, i ndenyl, fluorenyl w th pepusbdire21
maxi mum nunber of hydrogen substituted with R or benzo radicals or to
none. The transition netal will have thr€&e or two non-hapto ligands in
the +4 and +3 oxidation state, 5 respectively. One hydrogen of the
hapto |i gacndmpnysbag cyclepbstiadieny i mﬂgﬂyét,eﬂuommlewyt fromethd r om
the group may Nﬁ(ﬁéf] ,oPR,hﬁilgfﬂl AiCed O OR DY B,

ring

al kl ene, [err to th pro rlate nunber o
non- hapt o radicalgapistpsneneece The ﬁ%ﬁﬁé&ﬁ%@ﬁtmﬁﬁﬁ | wihlthave Lhree ap

coor di nat ep 8N dshaP¥o ON ilgdirids rr@hettyhénd40n£naesss n@ﬂlaaetien sta&égands
for the trivalent nmetal. Thése punpers are dec one in

case 8f cOVRFRRCEAYRAVNg NORR PNIRRIAD O %apto rQ?Yveb%ut
not limt IQGbQKﬂﬁ’Qtéa &fithH taﬂﬂiéﬂératomcﬁmﬂeuyds&&mré&efﬂbns-the group

I t
S.C.VSOSP&”, N n‘?km%’%bw &83‘ | n?%’b‘?%‘ﬁ???(gﬁu FerhyF afkf%% ¢ unfeS1,
bis(cycloﬂhﬁxy to thei giyringet hyThet approprtadesh| mumber of non-hapto

bi's(cycl opg Qlagéen¥ ) three SLERH L te?ﬂtaWQlen@Mlor' de. the case of

bls(cyclopen en |soprop ani-um ronochlor
bi s(&9cl op@wadwnye) bpadings &R.uer PR.cmpdetyeand omendtqﬁa giqrwl’am:o

(1-[err]-23 By4nas- fox th%qfff@siaﬂtpﬁgﬁagl enjh sétmhwaf@raﬂ@)de{dz‘ Hed

dlchlorlde am noet [err | opent adi eny
di chl ori dPY one 1n the Cﬂﬁ%ﬂﬁﬁ%ﬁ?ﬁﬁ;?ﬁﬁ hend F?ﬁlFRnBrefgnﬁP@§t&Fs

zirconi um 25 Corrmmm&d&ratqa@rme no&s 11:&1@( Wlf;%@&ﬁ&ﬁﬂﬁﬂ' ) -
zirconi um ent a t Zl rconlt um
o el oemRaang) sotbEiag bif LRy Enehatadtenyl) Himklhy1 -t1 AR,
(nmhﬂcy&mmmuwyumwpentadlmnymﬁomﬂdmmsmmrppylt1tan1um,

L P R PR AR, Preicpmca

(cycl opentadi
pent adi enyd3enyi tomet ditditiapiure monechl ayidae bngicy@ﬂppenta direnarb)l )

zirconi umglp 1@1@'£n1h%9 et d.e9enlicr{del err] b'z@@é})/éiofpentaiaisﬂ
di chl ori de, rac- et hyl ene bis (1-[err]-4, et rahydro

5,
Z|rconlun1%ﬁ%$¥%?¥&€1§ﬁﬁlP§bproﬁVF? 3@3' (1- PéBlrYSla
(9-[20r] - ftitosindiin) Zid skl cwildehl Orldﬂ:ﬁnethylsn.lylene (1-n5-2,3,4,5-

tetramethylpentadienyl) (t-butylamido) titanium dichloride,

#aenyl)
1)

2-dimethyl aminoethyl-n®-cyclopentadienyl titanium
dichloride.

Illustrative but not limiting examples of zirconium

25 compounds comprise as bis (isopropylcyclopentadienyl) -

Zirconium dichloride, bis (cyclopentadienyl)dimethyl-

zirconium, bis(cyclopentadienyl) -diethylzirconium, bis-

(methylcyclopenta-dienyl) diisopropylzirconium,

bis(cyclopentadienyl) methylzirconium monochloride, bis-

30 (cyclopentadienyl)ethylzirconium monochloride, bis(cyclo-
pentadienyl) zirconium dichloride, rac-ethylene bis-(1-7°-
indenyl) zirconium dichloride, rac-ethylene bis(1-7°-indenyl)
zirconium dichloride, rac-ethylene bis{1-7°-4,5,6,7~
tetrahydroindenyl) zirconium dichloride and isopropylidene-

35 (1-n°-cyclopentadienyl) (9-n°-fluoronyl) zirconiumdichloride.
Specific examples of hafnium compounds comprise
bis(cyclo-pentadienyl)dimethylhafnium,



Speci fic exanpl es of hafni um conpounds conprise

bi s(cycl o- pent adi enyl ) di et hyl haf ni um WO 98/ 58972

7 bi s(cycl opent adi enyl ) met hyl haf ni um  nonochl ori de, and

bi s(cycl opgph g | ) haf ni um di chl ori de. _ The al upcrUsegre2621
co-catal yst userul in the catal ysts of the present invention are

pol ynmeric al um num conpounds 5 whi ch c&8n be represented by the general
formulae (R-A-0)[err] which is a cyclic conpound and R(R-Al-O)[err],

which is apis(c fycmepéneaaneww.)méthjnbhgénam f omomiccll oxide| er r ] andkyl
group such a or. exa y 3 butyl and pentyl
and n is aRiPICYGHORSY %{iﬁmﬁégngﬁa hlﬁgl%)li(? preferabl , Ris nethyl
and n is about 4. TEnahiminokaneheo-catadygtaugeaiad om aﬂmﬂﬁQQYﬁF§m
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metal in tBheoup sued )é@“ﬁd}i lé&f&ﬂ&ﬁﬁé?l Ir@éthihe @thyby tpooppl, tbatyl and.
al um noxané 20 use be, for

gr am at onf PER&YL p?ef’é? aBy f% loefﬁ?\[“]er :::]1 5??} %ﬁéé\i;l 2} asMPRE
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The BlreBadlad fie 2l 4 ng{rhgggg%gg { B ol ansqc;f el " 408minum
pol ymer i zaP EaetT on Syst ém na , e 25 range of 25
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may be cont bﬂ#o‘iﬂu@’ igl&gtgygé gen and/ or by adjusting the
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pol yrmeri zat tenperature, changi ﬂgﬁt he nmononer concentrati.ons.

The copol yneri zat i die QFPE%FW‘}/@? i the | Ak LESF CIPPT1S81RY BCRUPPY R

usi n@ispt hebfca- %aﬁﬁﬁl%n whdthelitof @¥dup IVb(JdDuthel Pefidiiyntabbei mage:
Part emstr

Wi | e "the gﬁov&%?@ﬁ ﬁl‘%mvf‘gprfegems SFE‘?’E%"Z" %;L(t]egxgg%ﬁrfef?ral?o 583 in
t he i nvent iten 1 0etGrea-artomAl it gs} saanthé5concenbirahiponef hh9 caradyste
used to effedlis{dle & ebblpouna PUY™4! Z8khB8ition metal in the
polymerization reaction. The proportion of the aluminoxane
20 used may be, for example, 10™* to 10! gram-atom/liter,
preferably 102 to 5x10°2 gram-atom/liter, as the concentration
of the aluminum atom in the polymerization reaction. The
ratio of the aluminum atom to the transition metal in the
polymerization reaction system may be, for example, in the
2s range of 25 to 10°, preferably 50 to 10%. The molecular
weight of the polymer may be controlled by using hydrogen,
and/or by adjusting the polymerization temperature, oxr by
changing the monomer concentrations.
The copolymerizations and terpolymerizations could
30 also be performed using other co-catalysts, without R,Al
(Journal of Polymer Science: Part A: Polymer Chemistry, Vol.
32, 2387-2393 (19%4)).
While the above description represents preferred
catalysts for use in the invention, equivalent catalysts and
35 combinations may also be used to effect the olefin
polymerization. |



8 The potyretization—rteaction in the process of this

I nvention may be carried out in absence of a solvent or in a

hydr ocar bon sol vent. rocar bon sol vent sui table for
t hi s pur poswogsseRi P H ons such 5 as but ane, pcTAISOSATRIE,
pent ane, hexane, oct dodecane, hexadecene and

oct adecane; alicyclic hydrocarbons 8 such as cycl opent ane,

met hyl cycl opent ane, cycl ohexane and cycl ooctane; aromatic

hydr ocar bons such Thebpolamerizstior reactiandimy the Precesst p§l dhhs

fractions SilnfPofdaal! BE: chllried8)ies iR abseilid GiNh seA%RNEIClih AANd

light oils. ting olefins may thensel ves serve as
hydr ocar bdtydrocarhesi Lﬁ@lve%ﬁong mlmsdreéar%oﬁwmcar Q‘hes°&r"’(ﬂ¥§t ic

hydrocar bafigi gae1 & heost 8hlk nguebsgenareaulbphatef:eh@rab:bcarbonywﬂ:n ag he

process of this inyventi ol ynerlzatlon te ture |n
this PirstPd¥ %ﬁbeofls&’m:a?ﬁe pRRLIRe. er’ﬁfge aé’

exanpl e, fHe@adecenealaid Oteadk€ane; amcﬁ@Dierhyaromamimrfd)lsuthorasabout
40[err]C to bout 120[er \When t zatr
reaction |‘F¥ﬂ1895 %@&es, of ﬁtﬁ}%ﬁyglpﬁ\%ﬁa&eﬂ is Céyl’l e§¥ Sin t

absence ofcygloogtane; aromatliicyhiytlmageathons ﬂu&thSabhnanBDOMDd@endLm

i s obtaineg 4 lgﬂéch %ta#&hf&?ﬁ“@ ag 00 { gb|§u9ﬁnd§) g&%o‘il

copol yrer *¥s usﬂal I'ar ~wel ght copo

pol y&Bri zdtamsesecalubeucem: baseretwlseeam Jorghﬁ/dndgaan e Staé‘tllinaur d

pol ymer hayj &g Qs ! %;Pr%é&eéaa}ége Qer¥ebr 881 "the hydrb¥dibdH medium.
substantially zero may be obtaj ne

unsaf, ur t|on may be present
The hydr od¥?FRS Eﬁ%ﬂetBYdr°car€8ﬁtWﬁglﬁroﬁgﬁ)aFﬁ@aﬁﬁFe Qﬁggﬁﬂﬁ &7 he

copol yner. the staﬁ%ﬁﬁg%B@fﬂﬂ@tm@?yb@q:fﬁwﬁlj@mﬁtﬁﬁm ame)@rmsé@ oifght
30 cop ébOIE point bel ow 371[err]C (700[err]F) in ASTM D- 2887
Si mul at ed %§|+ Is recovered by distillation under vacuum
The pPoduct resul tThe pobymehﬁzacdpnlynmpemaﬁume in thimeddiisin stlepeoify| ene

' t |
mononer anhanpRbeLkd BHOLRL fﬁama_m;q'otn{1 rhhgll, Ed!ERgmbie? %r%m yner
my be aboutiQdiedbaut &P mﬁﬁﬁfarblomﬁatpm Gbesitd 0 Otex ﬁ;ap@ﬁe
having a nmudes, average nol ecul ar wei ght in excess of 1000, a

nmol ecul ar melght distribution in excess, of 2,
When the polymer:.zat:l.on reaction in the process of

20 this invention is carried out in the absence of hydrogen, a
liquid copolymer having a high bromine value is obtained
which contains unsaturation (double bonds). This copolymer
is usually a high molecular weight copolymer. When the
polymerization is carried out in the presence of hydrogen, a

25 liquid polymer Ihaving a low bromine value or a bromine value
of substantially zero may be obtained. Some unsaturation may
be present. The hydrogen is used to control (lower) the
molecular weight of the copolymer. Excess solvent may be
removed by evaporation and a light copolymer (boiling point

30 below 700°F in ASTM D-2887 Simulated Distillation) is
recovered by distillation under wvacuum.

The product resulting from this copolymerization
reaction of ethylene monomer and an olefin monomer different
from ethylene is a copolymer suitable as a base oil for

35 synthetic lubricants. The polymer may be characterized as
containing from 50 to 75% ethylene, having a molecular'weight
in excess of 1000, a mole weight distribution in excess of 2,
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9 a brom ne nunber—-n-excess of 2, and a nol ecul ar structure

which is head to tail with a random nmononer di stribution. In a
further aspect, the "ﬂneﬁnﬂﬁas Q3 provides vi nyl i dene ol efin

pol ymers, owgcgs)gmrzs s from 5 vi nyl i dene nopoTRISSS/Ei6aNE
or copolynerized wt h ﬂl" vi nyl i dene nmononers. Vinylidene
nononers are characteri ze he f®rmul a:

[err] wherein [err] and R2 are independently selected fromthe 10
group consiastbrmitie [mmbeal iiphaxaeas oo s2, abhdyel imlgicmm struoatrdre
aromatic groups. Preferred v propene
(i sobutyl eﬁ'g')"&' é“r‘?d%e%fi 9? htgéie%?p’ﬁ gogg%gﬁfoﬁ{o‘iq?“e%erdslso vin Jfo%ene
MoNomer s nay be prdd'ucﬁedfnrther aspectl,i @éleepnmm m‘{ﬁfb*élméakr‘éﬂldﬁah

one or Mol &R % J%? %ﬁ@éﬁh 5 QPS' Vamltéfﬁslﬁefgefraﬁ an

al pha-olefin noners conpr,ise ‘et hene,
propere, vinyddens menaperge r?é—o% ror ﬁ@ﬁ‘élmﬁﬁléﬁﬁj Wedhe P caon-

nor bor nene x4 %g»ifd&é ikSnomers. Vin{1e3Rnd MUridiRis Rote NEHsrdétei 2dgced
in generally t he sanme manner and under the same conditions as the

ot her the £ormulae i nvention. However, it is preferred to use
atri-cat aI yst system conprising a catal ytic anount of triisobutyl

al umi num (TIBA), a Ted catalyst, [eré%qjﬁﬁ [err] and a borate,
triphenyl carbeniumtetrakis 25 drophenyl) borate. The
nmonomers are cont acheredin IR, and wglareaindqpendgntbm aelectednfiromt the

to 31 1" BB tonad sp Al OF G, BEMIEI o PTEERLYE) 00 FHGUbs - ¢
hours, andapdefasromati¢ ngraups:-esreferregdvigrhidenef BonameI® arait?os of
reactants .grugphiise Ob‘?:Bb'éﬁeO V' MY EbEeRG1eNRN N and ' anginkkAyDFemdeoNé , 5- 50

nole %ol efins“tqQ 50-95 vi nyl i dene ol efin, and optionally about

0-2 percenﬁoﬁ?@q;g@#rs °f v:.nylr;'.,dexaep,npp@,rqeé;f PaYt s RRBIUFRRnCZ0fat he
i nvention, vmyhaiédé nfbriBMERid ¥ Dee dladitiediwitty efie bromveé hydmntometst he

react]1q"’J ﬁf ![g' A% "E?yft é’rr%é ??r%ézlror}ﬁ* S dﬁﬁr‘]e I nrlf ttlﬁg%o(gﬁ) %gﬁripzl?t !8letin.

Suitable alpha-olefin comonomers comprise ethene, propene,
styrene, ethylidene norbornene, non-conjugated dienes,

norbornene, and the like.
These vinylidene polymers are produced in generally
20 the same manner and under the same conditions as the other
polymers of the invention. However, it is preferred to use
a tri-catalyst system comprising a catalytic amount of
triisobutyl aluminum (TIBA), a TeCl, catalyst, ([(CMe,)SiMe,.
;N{t-Bu)]lTicl,, and a borate, triphenyl carbenium tetrakis
25 (pentafluorophenyl) borate. The monomers are contacted with
this catalyst system at a temperature ranging from about 20°C
to 40°C, a polymerization pressure of about 5 to 25 psig and
a residence time of about 0.5 to 2 hours, and preferably in
the presence of hydrogen. Preferred ratios of reactants
30 comprise olefin to vinylidene olefin ranging from about 5-50
mole % olefins to 50-95 mole % wvinylidene olefin, and
optionally about 0-2 mole percent hydrogen.
In a preferred further embodiment of the invention,
a third monomeric reactant different from ethylene and the
35 olefin polymer, may be included in the initial polymerization
reaction to form a terpolymer product. This third component
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1C must contain unsaturation so that polynerization can occur

and is selected fromthe group consisting of ol efins having 4 to 20
car bon atomns. Preferred reactants are olefins of 4 to 12 carbon
5 at ons woosysgyd2 1- but ene, 1-pentene, 1-hexene, 1-heptene, BET/US9S/12621
octene, 1-decene, 1l-undecene and 1-dodecene, 2-nethyl-1- pent ene,
styrene, [err]-nethylstyrene, 2-nethyl-&®butene, 3- nmet hyl - 1- but ene,
4- et hyl - 1- pent ene, 2-net hyl - 1- pent ene, 2- ~ methyl -1-propene. 10

| n conductimgtt kenteaix i wnsafuhathent sior Ehathdpelymerizatione £ MCCRY | s

preferred LQqusg g@qg%:%dlt#%%ﬁ@ §P58p consiskEneCRE dle¥id{aHavahput 1

to 20 nol e percent o e nononer, baséd on the total
conpositi of. to 20 carbommtqmes pol yrmer produced in this enbodi nent of the

15 invention mapliFLhHCieabEsfltas aid i SLeHiAST BE WMEtoOfi2 carbon
ethylene, a first olefin different from ethylen and a secon%
e

ol efi B di f REPEAt FUn 3B hyrbHESRRd HPSIHeHC o) iﬂ‘ﬁ’,‘eﬂe' 1-hepteney,

?a;/i ng I4 tecebﬁelt, ZQ-aféE:fbﬁ&,atDnﬁndéﬁdne and chalaideeneecd ymetdyl-1-

a nol e % et ene rom 10 to,80% 9 sai

first ol ef PRRGFRLronf X?&%O%"met%yios‘cyrertec') @Djnéét%%]f@"lé%#é%%bnag -

ol efin of hmethyl%it-dbulite, 4-methyl-1{géntenber 2anetiyd -foipentiene we2 ght
of 300- 10, ol 1 o (e) nmolecular weight distribution of < 2.5; and
a 25 Hdeh 11) LB er?ee'nu_rrber in the range of 0 to 53., . The
ter pdlOyner resul ti dg faanducting oehesragcthent With the thigihmanomeriant

is also Usféabtgitf% syt BEt ifr-d¥ase-&d | tbOluise abogyNbhet ivp | 8T kearks1and
as a white oil for use in cosnmetics and di ci nes. The .t hird,
nmonomer prBergeRta Rrefexalnsf bt e*f%?tszngﬁePFﬁ&eﬂ’?e cgfgﬁrhepdfrmr%f

the final monomeRgS®adidd on the totalh€ompesetienof the third nonomer

or 0 ol yer i o e BRe L PBRE ¢ SRR L Rp T ol SGhnG n g e

addi flisonal insrehtdoent mapnbeershangcberizad! wieda ikigquisl terpolymenx orft o

produce teLERBRLWIEr Sy %i4 st olefin different from ethylene, and .a
second olefin different from ethylene and the first olefin,
preferably having 4 to about 20 carbon atoms;.. and
characterized by:

20 (a) % ethylene of from 10 to 80%;

(b) % of said first olefin of from 14 to 80%;

(¢) % of said second olefin of from 1% to 10%;

(d) molecular weight of 300-10,000;

(e) molecular weight distribution of < 2.5; and a

25 (f) bromine number in the range of 0 to 53.

The terpolymer resulting from reaction using the
third monomer reactant is alsoc useful as a synthetic base oil
for synthetic lubricants and as a white o0il for use in
cosmetics and medicines. The third monomer provides a

30 beneficial effect by lowering the pour point of the final
base oil.

The presence of the third monomer during the
polymerization reaction may require a change in catalyst or
polymerization reaction conditions. Obviously, other and

35  additional different monomers may be included in the reaction

to produce tetrapolymers, etc.
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In a further enbodi nent of the invention, the I nt er medi at e copol yner
or terpolyner resulting fromthe pol yneri zation reaction, is

subj ected to cracking, prefer- ably thermal cracking. As noted
above, Orwe 98158972 5 pol yneri zation reaction i s conpl et ed PCEAIS8/42621
solvent is renoved and those pol yners having boiling points bel ow
about 371[err]C (700[err]F) in ASTM D-2887 Sinulated Distillation

are recovered by distillation. The catal yst may be washed fromthe -
copol yner or terpolmnea wEtfrtheragembodimens 10f thee. gnvenmunnuﬁ tde aci d
e.g., 1M re or d IS
'Eheg subj ec %npedl-gge ég# Qﬂﬁ ]r:eftg&)g Lo unﬁerré %ﬁl con |n'?| olt(Hnsebut
catal ytic polymerczackpngreagtaone yseﬁznb:!seq: ed e racking .aprefenably

thermal  ¢heymaiaehdkiMiLCeSRsi Aokl ia¥bvd, donéaPenat gbe aq«éa@acfr{ om
15 about 25 err]Ctoaout 550 err|C, pref erabjlea/froma out err]C

to 3 EBREE1QBORSr Qampleted, exce PhEPVEIL 1 | TETRRe §E| Q&#&p of

the inveniporywid¥s having’ mqlﬂg)rpﬁmlbeléwoabebauvoow ia ASTMNDY
vacuum

f b 0.2 1
vacuum pr A387 eSlmﬂ%%edD Dlsﬁ'ﬁﬁi%Fﬁéﬁgn&arﬁ? g‘%ﬁf’c‘?"?‘%f’?‘? a%ﬁuglpg}ﬁﬁgaon.
optional | yThe catalysvamagdbs Wastredigfiromsthaseopolymerocos &erpolymer
t Pr ef I d t
NaGHL fol IGHER 8§ Tapdeta baee; (Betor AR Naoky BE et (R B1PICAE. |
t her®@l crErki mepndting, cnppéyrrcr or puet;maspcla@ear coFedpasr dis t &hest yner
or Segﬁents%sj]ééeea to cr#knigﬁ?cog afmﬁ@t Lu:?aéxoncﬁéﬂuéiecaaaQ&onﬂﬂe

t her ma cracked uct 1S also useful as a synthetic
base oi | fl?ﬁt ssatatytic esap&aﬁsS coyéd be usedr@s ds;kpoyn igyitiec 888 yner

nmay be desﬂié bQ%eﬁﬁnaﬂ. cracklhgqlﬂﬁb@@@@ Vel c@fr bédy henea anempe ralttire,

sai d copol ei ng char, el zed o | e %
et hyl ene a’?g%mofo ftrcP“VS obt " 20 ' ¢ tf%ﬁﬁm?esro %er%ﬁ%éﬁ%‘?gggl :frlg%l ght
of <12000;alSut 350°C t6Chaboust asdioar. WEI ght distribution of < 2;

(d) brom ne nunberTRL pr%%;su%d in the crack(i%)g asékeq?gof Otﬁgi I:i.n%&l%g.lgr?r

structure.
may range, for example, from about 0.1 to 30 mm Hg vacuum

pressure, preferably from about 0.2 to about 10 mm Hg vacuum
pressure.

20 The cracked product in liquid form may optionally be
washed with an aqueous base or aqueous acid, and water.
Preferably, the cracked feed is washed with aqueous 1M NaOH,
followed by large quantities of water.

As a result of the thermal cracking process, there is

25 produced a copolymer or terpolymer or segments thereof which
contain unsaturation (double bonds). The thermally cracked
polymeric product is also useful as a synthetic base oil for
synthetic lubricants.

The cracked liquid copoclymer may be described as a

30 liquid copolymer of ethylene and an olefin, said copolymer
being characterized by:

(a) % ethylene of from 10 to 75%;
(b) molecular weight of < 2000;
(c) molecular weight distribution of < 2;

35 (d) bromine number of < 53; and

(e) a head to tail molecular structure.
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The cracked |iquid terpelyrer—ay be described as a l'iquid

terpol yner of ethylene, a first olefin, and a second ol efin having 3

to about 20 carbon atThissheetisBe der bei ng characterized by: 5
(a) mole %vplspbene oklmlﬁmmmmm (b) ol e Bemusssmizen
first olefin of froml (c) nmole % of said second
olefin of from1%to 10% (de nunber average nol ecul ar wei ght
of 300- 10, 000; (e) nolecular weight distribution of < 2.5; and
a 10 (f) TheowmrRkedlEiquid tterpolpeenf mayt beSdescribed as aln
the thermal ,cracgkin r.,ocess, th ner appe ot C

separ at e stﬁ%&ﬁti‘: liyr'fl%(?ttce%}gﬂ'%?et 8 Prfhe o%gFfl'ﬁér%nﬁ]g‘sle%egé;oéld
narr ow nol etefan \keivgirig r ange @Ehoict20 carbompatdmsd asajdudsupolyme 4

and 6 centy e Qi.ls. : . exanple, in a polymer having a number
average no %%ﬁéa?ﬂaﬁ‘:teﬂv:\%eé%?)%f about 1200, the resulting cracked

produdts will (a)have ethylanpraf stxam b LE0 68T Aunber aver age
ol ecul ar Wit ?Q?‘-sﬂc?oﬁifgé S1EE ARG AIErbReLaCEBERDS W | | not
exclusively exhibit vinylidene unsaturation er wll 20 have

but rath
allyl unsaturates d6d sdmef ispid rﬁiﬁc%lﬂ’?%%d%% from 1% to #0&ipr oni ne

nunber of a preferrng) hy@yieaeiHeaveigokeslE 300-10hydopcarbon product will
range fromO up to ' '

1.0, the ki nematj c_ viscosity at 1Q0[Lerr wi | |
range from2 to 16 (&3, mﬁecul"’ﬁé”?/’ri}i:e%s%ﬁ/t?#a‘&l%ll ??r 3n égf’r@h o to
160, 1@nd the 25 (£0ur hwmimenidumbes bt dvhd[zang€. of 0 to 53. |In a

further enbodi ment . f QgeCEig%%%gEgg}é%&nigZp%%ssdf tg{é%@?ﬁ]%%%%o%s (0.1

reaction with hydrdgen gas Tn presence: )
to 5 wt. % tof crackalbystseparatepahsitantgfakly t bl eehgdceptent i a§ the

catal ysts ﬁ&?yﬁ@&@“sfﬁkse gg? G?%QgﬁVHdledﬁlaﬁrW%iéﬁfiQghﬁe BRiducdich

as iron, . cobalt, nic odi um palladi um and p| atinum These
cat al yst s BRECdepamlyy waehnliniaf, 2 on4si dnda 6gefenbistprke oillsyt Earg

carbas i n exampler,’ eth eADEB IS . havbhgt ResRoleculagat@litits, opaldbaitim
and ni ckel lgbg preferred.. Pall adi ucgwat'?-S o gctlvﬁ)eg car bon and ni ckel on
ki esel guhr reShEc TSI ting cracked RYPAYRRS (WAt sgBAYE §XO SSIFS s
carried oubfi abblu 600 mplesehar weightcrachnf shlsent aftéul werackimg,
necessary y : . <hibit 1%invili
I ncrease t ggvolst?r%qemr:sxarr“ﬁ}]é% o] oé:ui teeﬁlé"sslo e\‘/l%t searlé N oy idedd

unsaturation but rather will have allyl unsaturates and some

20 internal double bonds.
The bromine number of a preferred hydrogenated

cracked hydrocarbon product will range from 0 up to 1.0, the
kinematic viscosity at 100°C will range from 2 to 16 cSt, the
viscosity index will range from 140 to 160, and the pour
25 point will be below 0°C.
In a further embodiment, the cracked product is then
hydrogenated by reaction with hydrogen gas in the presence of
a catalytic amount (0.1 to S wt.%) of a catalyst. Examples
of suitable hydrogenating catalysts are metals of Group VIII
30 of the Periodic Table such as iron, cobalt, nickel, rhodium,
palladium and platinum. These catalysts are deposited on
alumina, on silica gel, or on activated carbon in preferred
embodiments. Of these catalysts, palladium and nickel are
preferred. Palladium on activated carbon and nickel on
35 kieselguhr are especially preferred. .
The hydrogenation reaction is carried out in the
presence or absence of solvents. Solvents are necessary only
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hydr ocar bons such as pentane, hexane, heptane, octane, decane,

cycl ohexane, nethycycl ohexane and cycl ooctane aromatic

hydr ocar bons such as tol uene, xylene or benzene. 5 The tenperature of

t he hydr ogewa9srss9meacti on nmay range, for exanpl e, fr onPEFAIN98/12621
150[err]C to about 500[err]C, preferably from about 250[err] to
about 350[err]C. The hydrogenation readdtion pressure may be, for
exanple, in the range of 250-1000 psig hydr ogen. The _ hydr ogenat ed

pol yneri ¢ tpr dhaxteass theevolume. rem%yoﬁoﬁ\}éﬁﬁpéﬁals%v&?%r%%e In
the hydrogﬁgag_.gq:brbo s PrAET .ad NHHHENE, bqt&igaﬁ@rnﬂfépﬁhﬁé'e GBndd

step have een ydrogenat ed So that the polyner is.a separate t é)e of

product. THECRPErogeRYcd@hexanst WRPFhKEYE 1ghgnabe: a¥Rdagsfycloocta

mol ecul ar a&batattfcartgyaﬂoéaeﬁbabo@ucaooaéo tHierd »yléne bu:nemtz@ne.
Vi scosity 100[err] of abq#t &W ent i st.okes In . a further

embodinent Te £ q%enatlon RRAFTIRY R H WL o £
pol ylrrer orescammlev,nerfm dsout lsohadto:c aboeti 560 °() prefemddice ffom
catal yti ¢ apount 9%~ O r o

cat al zst ag% égb hyﬁ?o&%‘ﬁ’éé \gstol@t) te?gh 1&&%@%&%8{{&%&%&%%
ranges prebsuneanamy BS0[ for) é}camphboun.nSSBEeem}'lee e 28611004 rmn.gtbout
150[err] C y rogt% aboutrl't%oo[ﬁ;}cﬁ]o%enated gol é’ﬁé’rgﬁs&i@cén ide ¢

hydr oi sorrer t°on ‘pr océss ma or exanE from about 17 to 68
atm 10250 rgcm@ore@s by pepgyenydengdn Rﬁm-tf‘ees or efBr kb, hydraagratedo. 4
to about. dderat BUS08chi81 8b Yehnaa0 Edimed mdtﬁéearabkiﬁgf @&tep IHavde

resul ting ﬁ§8r0| somner | zed roduct t he, carbgn noi eti es have been

rear r anged Pﬁpohé’dd?cfg%?%‘iﬁ nBP cEhptr the, ROLyper is a sepayabg fivpe @fpe

aci di ¢ hydpgosiomy. zatnw ﬁ?ﬁﬂbg&hataﬂ prddlicudewh.ﬂansha\'r@narrmd@cﬂar

G oups VI to.V Per C I t o] es

conbi nat i off$38 hﬁet Eanﬁ(Tg froﬁ‘etﬁk ; e‘§lé)U|z€;ﬁ|z§:'or?‘gJ onégg‘l rﬁecu

si eves$ Thv1sebw:$y @ 10mmua_alé &douti 6-P6, ckbtisbokesoxi des i ncl ude PdO

NGO [err] PP Y Har 51%'re\éﬁtﬁodﬁ.h{é91|tug? éMQtS;%}P%éénEeﬂHéﬁélons%as
L, a

35 zeolite A, nat ur zeoli1tes as norden
chaba2|te reéul@mnge et:smclereenq»;b?ﬁmo|m3eymer mef dffiRPlymer can be

14 &-"b@.@%ﬁd@ﬁéé&‘ ﬁ?t@téfg:tr'éééﬁ@é@% Bdcstapgt i 80ambuiei dhc1 to
zeollteX err] on zeoljite apnd Ni/N O on zeqlite 1 Th&
pol yner prédu‘tl't: f ®he IHVARIHE o dagé]same&g.zatlon “cata yst. e

20 hydroisomerization temperature used in this process ranges

from about 250°C to about 550°C, preferably from about 150°C
to about 300°C.
The pressure in the hydroisomerization process may
range, for example, from about 250 to 1000 psig hydrogen
25 pressure, preferably from about 300 to about 500 psig
hydrogen pressure. In the resulting hydroisomerized product,
the carbon moieties have been rearranged into a different
molecular structure.
Examplés of the acidic hydroisomerization catalysts
30 include transition metals of Groups VI to VIII of the
Periodic Table, their oxides, or the combination of metal and
metal oxide supported on acidic molecular sieves. The metals
include Pd, Ni, Pt, Mo. Metal oxides include PdO, NiO, MoO,.
Molecular sieves include synthetic zeolites, such as zeolite

35 A, L, X, Y, and natural zeolites, such as mordentie,
chabazite, eriomite, and clinoptilolite. Preferred
This Sheet Has Been Replaced THIS SHEET HAS BEEN
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synthetic |lubricating—base uilb —1ne base oils of the 5 invention are

conparabl e or i rrprove rghee gdeproperties, but are |ess

expensive to produce -ol efins whi ch are currently used
conmer ci al | woess/ssymt het ‘I‘;E The synt heti c peraSes/i262Df

t he invention may be fo th fromabout 0.1% up to about 5 wm.%

of one or nore 10 conventi onal I ubri.cati ig oil additives. Such addi-tives
conpri se detergent packages, pour point depressants, viscosity i ndex
i mprovers dmydotohsometdzation sathalystantinaiudenkd, supportiedt Pregcidich a
detergont = B65108e x!! N9RbbY of 166625E80and, NATRRELES sedNlid:0r r OSIVES,

anti-foam ng agen rove_the lubricating effect _and ot her
conpounds whi ch ar eThe pgémprypar@@@&tt% af rhe ainveneies are usefulrps

foll owi ng expRphgeiar ehmffﬁ@é% tq:afsatbeusl | | uspet pase &PEsi BENEHEN
but are not ,‘consi dered to limt ico pe of the I nvention_in g.
manner 2what ¥3¥eREion, are compara or 1mprove§XA|\;F;}_E iubrlcat: ng

Prepar atl( orpﬁépe{:hyésnewwra&eneeaal ¥Wipensive to Prédudesr taluramcb&\ly-
react or usi

l.iter ors._connected L es
t hor oughl y d°r‘r\Ff"i’1n§5 ﬁi"? og@ﬁeanﬁuﬁﬁgnﬁﬂrge‘ﬁe ﬁ°§6‘8rf%r‘3§;‘ydr. gd
t ol uene (drsymthetiovgubpdtaasisun). Ethyl ene, propyl ene and hydrogen were
si mul t aneousl y and ti e o] a gas | o cQntr ek nto
t he bottom of the r'gg%t or-'a %éllr%t %g’g% %38 oF %h}e #We?‘éggﬂ n(%{)/ mbr?,
and 220 feymnhatedrwiphcfrow gbogt OMBBhyPatenReREné Wts3ngLaovs Raur

based on Alp&Pdt&hhviRtional 0l UBPEcaLLHE Bﬁllaaddltlves Such additives
bi s(i sopropéll -cycl opent adi enyl ) zi r copi um dichloride [err at oni hour

based on ZICUBRFRRER | FQtFRASRHE PackpgeSon WRPYTs| m%eoﬂ ngﬁﬁﬁntst
colnti nUOUS:leWSOE’dyl ]mhde%hﬁ drfmoz walSomfe_ﬁti&dm@@dsgﬁnpabﬁaﬁtaer e
pol ymeri zed_at err an t | essure, rou out. th
reaction rfif+e L?he %bté?"é?ﬁre 37\/5@ rr;éi n?géﬁgéegf’ +79gf'8f’|’] T BYCRSREN:
transiBr flinchreasing compounds, anti-corrosives, anti-fdéaming agenthsg,

~circulated g O&%&Hdgo enﬁ%io&é'béﬂé’ ix%ff@a&?ﬁ?egﬁfé%aan&rhStlﬁ.r?,géﬁﬁ?éPﬁs

nononers an re contl nuous out
[err] (O. 4%1%@1@ méett)lspellrroarideé (22 i qataares tinks - gas

concentration in th?héeaféﬁow1§g examﬂ_f@s a(féU'ptz*e'lentéQP' ‘.t‘.@SEf furtfkyt i on
was conti u]euslg transferred fromthe reactor 1;8 80 eftl on vessel .
The illusttrate the invention but are not considered to limit. the

20 scope of the invention in any manner whatsoever.

EXAMPLE 1
Preparation of eth lene- ropylene pol

A 4-liter autoclave reactor (using two 2-liter

autoclave reactors connected in series) was thoroughly purged

25 with nitrogen and was charged with 300 ml of dried toluene
(dried over pbtassium) . Ethylene, propylene and hydrogen

were simultaneously and continuously fed through a mass flow
controller into the bottom of the reactor at a ratio of 2000
cc/min, 1900 cc/min, and 240 cc/min, respectively.

30 Methylaluminoxane 1.5 mg-atom/hour based on Al content in
toluene solution and bis (isopropylcyclopentadienyl) zirconium
dichloride 15x10°° mg-atom/hour based on Zr content in toluene
solution were simultaneously and continuously pumped into the
reactor. The ethylene and propylene were polymerized at 50°C

35 and 15 psig pressure. Throughout the reaction run, the
temperature was maintained at +/-2°C by a heat transfer fluid
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pressur'e was controlled by a back-pressure valve 1.02 atm (15 - psig).

The product, along with tol uene, was withdrawn fromthe col l ector, and
the tol uene was renoved on a rota-evaporator. 10 The product was washed

W th agueouwobbissér®H, fol | owed by washing with a | arge quUBETAUSYS/12621
water. A clear liquid polyner (245 granms per hour) was obtained. The
obt ai ned I'iquid polymer had a ki nem@5 c viscosity of 40 cSt at
100[err] C and viscosity i ndex of 173, M of 1400, Mw/ Mh of 2. 44,

br oni ne nubbéngofc:utcﬂ;ldﬁedTbhrobghl ned:qadpom;&wemg cbnsifre§her nAAQLos.

et hyl ene. he, excess monomers and h hydrogen%ﬁ@'—c%r?tlnuously Ve &d aneelur e
was essent | al'ly € sane as anple 1, except the polynerization

condi ti onsaundotﬁe qubic r fiser oPeX0 BOWY| diR/ H\ad-ﬁ‘);laéﬁe fer @ORPEABE . IAFe

resul ts andopeepdddtsorfin thd NeedbOSEct are summrl zed in Table 1.
16

Pol ynSri zati on condhs O@%%dlﬂﬂ%pﬁ%%on “was EeRhjmously

1 transferred 2from theRafgdddor/oto, al collection vessel. The 4
30005 g:rr%p Ieneéﬁgsc/ ! qfﬁ'chlled by a back- press%l%% gélﬁre (15 psig).
1400 The Hytiodgeh, cxlomg with toluene, was withdrawn from the
20 c%?iecﬁ é;? qf&) r@l{el; toluerte rﬂahs removed on 15 §'ot -evaporator.
1.5 [aerr k
1. 5x 1@ er r The (prodwot ywas M$mdwm§é:r AGRROUS eulM] @aOH' fo lowed by
2004 (30) waB8li Yﬁer\!v{@fz' Y PhregeURiariBy PeE)waterd. 02 A 1?2881' liquid
1300 polmq% (245 grams per hour) was obtained.;; The obtained
2.41 E@)ﬂcﬂ%ﬂné@'lﬁa%amcﬁ@@ﬁé&ﬂerv:.scos:.ty of @ cSt at 100°C
63 1 5 % grams/ houy (%15
153 an cosity index of 173, Mn of 14 Mw/Mn of 2.44,

15 bromine number of 4.7. The obtained copolymer contained 62%

ethylene.
EXAMPLE 2

The procedure was essentially the same as Example 1,

except the polymerization conditions and the feed ratio of

20 ethylene/propylene were changed. The results and properties
of the product are summarized in Table 1.

-
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Sinmul ated Distillation

10 8.6
40 33

176 2 0 B’io9srsse72Nunber
8.5

EXAMPLE 3

pol ymers produced in Exanple 1 (boi

17
Cr acki

Thet®mal

n oi nt '
éﬁ%&-ﬂat i on)

% offat 371[err]C (700[err]F)
Kinematic Viscosity @ 100 [err]C, cSt
Vi scosity | ndex

173
4.7 PCT/US98/12621
ng The |ight

bel ow 371[err] C

5 we

vacuum T
round- bot t and a
receiver. Sl egt-at=—g =45 §0 2 mm
Hg vacuum | ExalipfeSSur e. The |iquid|polynerg were th i nsi de
10 the fl sk (nce the polyner pdralized ho dclkac wer e
Si nultaneos%&ctgy@apiat ed at this tlenperatyre ranggq under 2 r eduged
pressure, dnd condefsed in the recdiver to give 42( grane of clear oil .
About 45 g f poJymer were |eftl in he flagk w thydpe remaini ng
cat al yéts. ?ygegﬁcfé)r‘f}s{ned cracked 19 product was cHaracterized by §h, 797;
MV Wn, 1. 34; .ki.nemati.c viscositly at 1 err]C |7.29 cPgo VI, 140;
broni ne nufpEPYe ’8‘?‘%’?’” 3ot VPLE 4 %0
Hydr ogenat ifio Met hod A A portjon of tHe crack produdt from
Exanple 1 nﬁydfg‘“" °"'t\mé‘?ght per cent |of Pd/ é4gomder_v1ere pl aCed in a
Zi ppercl av reactor and filled[wth 34 gt m (504 psig) gldrogen Af ter
25 agit at oA Pofl PEABEY R at 250[erfr] C, the reactdr was cvdl ed at fr oom
tenperaturg The catalyst was fiTtdqred through cellite uncilgr 3 requced
pressure tq GPER)&Es Eamedtndt | ess |1 i qui &89 havifg X1 oni ne ffnunber
of less thgm U I. CG1I3 NVR_peak aiff [err] IL. 4 ppm proves thejpresence
of i s&%but Vil Palymstigasion Tgmperature, °C 50 90

Polymerization Pressure, psig 15 30 “

Mn 1400 1300

Mw/Mn 237 241

Ethylene mole % in Copolymer 62 63 "

15 Yield, grams/hour 245 153 n

Simulated Distillation

% off at 700°F 10 8.6

Kinematic Viscosity @ 100°C, cSt 40 33 “

Viscosity Index 173 176 "

20 Bromine Number 4.7 8.5

-_—
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Met hod B A stainless steel colum 1.27 cmx 0.61 n(1/2 in x 2

f eet)was filled wwth 45.9 grans of Ni -Kiesel guhr pellets. A portion of
t he 18 cracked oils from
Exanpl e 2 vwoOa8sgem2i nuousl y punped upward at a rate of 1.BCTUSI8IR621
through the colum at 350[err]C (inside tenperature) and 51.05 atm (750
psi g) hydrogen The hydrogen— al so fl¥bhed upward t hrough the colum from
a separat etine. 5 The hydrogenat ed_products were coll ected at the other
end of 0 ReQiRéplacdd Cl ear coﬁéﬂ@&@-@i quid oil having a brom ne
nunber e CG1 rr] 11.4 ppm proves

t he presenc%i nm roupssr Pe@:l‘aé‘lhx[x EXAMPLE 5
Hydr oi somer i Hydr oi someri zation on a portion of

t he cracked product of Exarrpl e 1 was perforned in the sane equi pnent
usi ng the sarre The nrm_;ietritp@lsanemspnmdmcledmmm&ol odbiag poirtept

th I Y ted

ac?dl C m)l 58&1 §$ glﬂlea\r/gc?gﬁ %ype z6&0 fg%q“%a%%ggrﬁﬁgg%%g?%g zeo€9€r ©

was prepar elimltltaﬁtnadeuema@iumnl ecTher remaigiange wiScews @ddiss) (§P0h

[err] (13 g’ iﬂlac%(ah & 2g) rb%nfaqw&nﬁoﬂﬁslencahn%ﬁ;@arlt& a
epar at I on of

After the e water, the treated zeollte

cal ci ned ashes-®agh fd)\fStlllith%r%OIWH’é AP Rt YS%hL i o %\/é%o%%???%d

out at 280feird Chadded a23 Ao rie (Bdr@esag) of2hwd ogemmpr Hgswacuiﬂﬂe
hydr oi soner.i zed | quy '

t | | orl | h
nunber of PFessy pr uwm%% ﬁ%ﬁ%ﬁﬁ%&eijY n?%%#g?ée%?\?ﬂ‘ ﬁr oup
at [ex0] 1(&1& mamsand e e e gicanymesyr yteoid zexd, diligy | cxacked gpolymefsrr ]

11.4 ppm i %ﬁ?‘l“#‘% PE‘GP% A3, VR 1:?'3 eﬁVte iQﬁ@ttéﬁﬁﬁﬁgfurﬁrﬁaﬁée

| east six ca bo gna
14. 45, 14. mdmd'eﬁmc{ﬁﬁ mﬁsme, anvbtclmestsed in thenseRedvaruhe give

ggm§ gfiaﬁ'az% @%frﬂegfbf)f dfé@rcéf‘fke%bout P D Yiedmd o OFIDIfedt Wotke Upbpg the
J.n the flask with the remaining catalysts. The condensed

15 cracked product was characterized by Mn, 797; Mw/Mn, 1.34;
kinematic wviscosity at 100°C, 7.29 cSt; VI, 160; bromine
number, 18.9.

EXAMPLE 4

Hydrogenation
20 Method A

A portion of the cracked product from Example 1 and 1
weight percent of Pd/C powder were placed in a Zipperclave
reactor and filled with 500 psig hydrogen. After agitation
for 7 hours at 250°C, the reactor was cooled at room

25 temperature. The catalyst was filtered through celite under
reduced pressure to give a clear colorless liquid oil having
a bromine number of less than 0.1. C-13 NMR: peak at 6 11.4
ppm. proves the presence of iso-butyl groups.

Method B

30 A stainless steel column (1/2 in x2 feet) was filled
with 45.9 grams of Ni-Kieselguhr pellets. A portion of the

kDJ.‘Lr\Cc:D .
e
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19 supported zeolite. There was obtained an isonerized
colorless liquid having a brom ne nunber of <O0.1.

EXAMPLE 6 WO98/58972 The hydrogenated cracked oil obtained i nPET&RIPA2621,\55
5 fornmul ated by the addition of cormehgd al additives into a 5W80
grade notor oil. The fornulation and t resul ting physi cal

properties are_shown abl e 11 ared wit.h Q CJ

ynihet| o SRASKESH 1S keL T ERRIGLS, fuBre. colfiuanely SHEFY WBuagd |
a det er genati ehitditiedlofpacksaga /min. a:hi:cmgh tthprankmn ata 3580siinsiddex
%XE[EV?{' temperature) and 750 psig hydrogen. The hydrogen algo %Q&r ed
Conmerci al upward through the column £from a separate linggynp| he

Synt hegic i‘ﬁ)’g %er%ate%cg DRANERES were collected at the ot::thg end M¥E %

tock -

o 5 syqq]wgm cEgiare a clear coloerless liquid oil having a bromine
%S- fl)g numHDe&O%f less than 0.1. The C-13 NMR: peak at & 201 4 ppm.
30. 79 provqg q:k%l&ﬁ%sence of iso-butyl groups. 11. 40

11. 56

EXAMPLE 5
10 Hydroisomerization
Method A

Hydroisomerization on a portion of the cracked product

- of Example 1 was performed in the same equipment using the

same procedure as described in Method B of Example 4, except

15 the Ni-Kieselguhr catalyst was replaced by 32 grams of Pd

supported acidic molecular sieve (an x-type zeclite). The Pd

supported zeolite was prepared by the treatment of molecular

sieve X13 (50 grams) with NH,Cl (13 grams) and Pd(NH,),Cl,(1

gram) in aqueous solution at 90°C. After the separation of

20 the water, the treated zeolite was then calcined at 450° for

4 hours. The hydroisomerization was carried out at 280°C and

350 psig of hydrogen pressure. The hydroisomerized product

is a clear colorless liquid having a bromine number of <0.1;

C-13 NMR showed the characteristic internal ethyl group at &

25 10.9 ppm and the characteristic terminal ethyl group at &

11.4 ppm. High resolution C-13 NMR also revealed that there

are at least six different methyl-carbon signals at 14.16,
14.21, 14.42, 14.45, 14.58, and 14.63 ppm.

Method B

30 Method A was repeated on a portion of the cracked
product of Example 1 but using the commercially available Pd

This Sheet Has Been Replaced




VI | nprover 5.82 6.32 10

Pour Poi nt Depressant 0.1 0.1
Physi cal Properties Kinematic Viscosity (@ 100C

11.6 cSt WO98/589723 St Kinematic Viscosity (@ 40C PCT/US98/12621
64.5 cSt 65.3 cSt " Viscosity index

177 166 15 Col d Cranki Simulator, -25 C

2628 cP 2486 cP Mnirotary Vi sconeter TP-1 30[errLC
6600 cP  support®tbo zeolite. M Bheyear WosscoRtadngsl 1 an s igpuerd

0 RN OBkbin¢he H;ﬁm fof ai0.30, 000 cP
-39. 9 err] Solorl% 40][ $u§§ gﬂgBé’oﬁr Poi nt ,

-54[err]C <57[err]CZO Si mul at ed Dlstlllatlon, %off at 371 C
(700F) 10.90% 2 60% Noack

11. 89% 4- Bal | . m

8 ﬂ 'ﬁmﬂ%ydrogena{:e téggc e%f fc>'i5." %%tta@rge%[zﬁ{ rﬂb&xmple 4 was

21 5 formulated Bire tiw caddifhhheofl cdwmsreinl additdwves olnteoared
from 5W30 LQ e DRt | o??.hExafﬂéef%r'rrﬁx 1GVTH 2Rh& 't'?aé?hf‘ééﬁieﬁhgl' cs

and ornance to e nore expensive synthetic PAO ol
phy81cal properties aI‘EEﬂhW[IEln Table II and compaped with

5
hydrogenat gd ehameed 1@l @%@Hm d Nsawl 8i4 Wasde from polffuaubna-

fractionated into 2 cSt, 4°¢cSt and 6 csSt baa oils k

physi cal pP@fiines aFR TRbAE iTf TN 151 7. etergentld.nhlbltor pac age
TABLEG!| and a VI improver is a viPsepsity index improverxsSt G| 4 cSt
Gl 6 cSt Ol Viscosity, cSt

100[err]C 1.9 4. 05 6.1 15

40[err] C 5.98 17.3 31.6 Vi scosity

| ndex 106 137 145 Col d Cranki ng

Si nul at or, N. D. 670 1930



-25 [err]C Pour Point, [err]C <-60 -27

- 27 20 Fl ash Point, Jerr]C 146 207
246 Fire Point, [err]C N. D. 259
282 Sp. G .WO98/58972 0. 797 0. 815 0.823 PCT/US98/12621
Br om ne Nunber <0.1 <0.1 20 <0.1
GPC, M 326 606 761 25 GPC,
MV Vh 1.07 1.05 5 NOACK,
Wt % 99. 6 15. 2 TaBLE FT' Si mul at ed
96. 5
% off at 31 [err]C(700[err]F) 30 SW30 From
22 1% 561 730
5% 577 752 74f Example 4
592 61 786 20% 775
838 5 50% 837 804
90% 680 820 92f |
ts Wt % i
693 ggmponents o7- 99% : ls69
1101 PD £n 10 20
18. 4 Syt Bebedlots Bl 0 O ) HAB Le}
Base oil . . 501 1 '
m nut es SynthelicoBster g9 g 15 ont aiRtng 1 D1,
@o5[err] Clim EB(ANPLE 8
Et hyl ene/ P ?ﬁ\% ®ne/ 1- Butene Ter pol yner 20 Thi s exper?’lghlgnt HS
carried ouff In a simlar manner as
PAO 4 0 30.79
DI Package 11.40 11.56
VI Improver 5.82 6.32
Pour Point Depressant 0.1 0.1
10 Physical Properties
Kinematic Viscosity @ 100°C ’ 11.6 cSt 11.3 cSt
Kinematic Viscosity @ 40°C 64.5 ¢St 65.3 cSt
IrViscosity index 177 166
Cold Cranking Simulator, -25°C 2628 cP 2486 cP
15 Minirotary Viscometer TP-1 @-30°C ' 6600 cP 5400 cP
Minirotary Viscometer TP-1 Y.S. @-30°C 0 0
Scanning Brookfield Viscosity at 30,000 cP -39.9°C <-40°C
Pour Point, °C -54°C <-57°C
Simulated Distillation, % off at 700°F 10.90% 2.60%
20 Noack 11.89% N.D.
4-Ball Wear Scar, mm 0.37 0.38
Friction Coefficient @ 100°C 0.11 0.11
-
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Exanpl e 1, except that the reaction was a batch reaction. A 1-liter

aut ocl ave reactor was thoroughly purged with nitrogen. and t hen charged
with 300 M of dried toluene. Through the mass fl ow cont r%

ethyl ene, p™IWS8HR 1-butene and 25 hydrogen were fed into t PRI o
aratio of 4000 cc/mn, 3600 cc/mn,,400 cc/mn, and 400 cc/ mn,
respectively. Methyl al um noxane in %ol uene solution, 46.9 ng-atom as
al um num at and._0. Q15 -at o ' binS{4 S0P Y leownl

pent adi enyl ) zi r%ﬁuﬁ?ﬁ?‘cﬁrbr%ﬂénﬁo%ﬁgﬁg :%ﬁ%i gir'lls? \/\“gﬁe&éoég?n' ected at
50[ err] C arfitcm 02them (Masesi gilpr exur Bxampleer 4 18 h@REPAXFRLEcad®d on

was quench%&é&é{@ggifyman hepM@hsfince Wdh geleonsré MeNpersive
arge quantity o t

foll owed by a ¢ ! er. After stripping off toluene, the
reacti on g@yntherig MOoPil- |iquid terpolyner. The pol yneri zation
conditions and 35 physical properties of the reactor product are
sunmari zed in Table IV. The crude reactor product was thermally

WO 98188972 EXAMPLE 7 [ CT1SswWh2

23 cracked as described in Exanple 3, followed by distilling off

the |ight pol ynmerhé Hhpdgbgeniitede exackiednoi lTtubtaimedeinaBxample 4 was
hydr ogenat i.th 1w % of 10%.P ct] ecr@p. h LRal,s

hydr ogenat gtg‘%lgr&ﬁﬁ &?@?%b??ﬁgfdhggg‘g % rées\r{r:dt i% ) a?/‘ll-sgogls%:ybétbglgé[lesr'r] C
of 9.6 cSt Theliwiphysicali pttopertiesgarih shown gin Magele MEMn of 1.24. The

conposition of the terpolyner, determ ned by C13 NVR, was 72 nole %
of ethylene, 25 nole % of propylene, and 3 nole % of butene. The
physi cal properties are sumari g@%ﬂﬂ @bl e V. 10

EXAMPLE 9 The liquid terp prepared in the sane manner
as in Exanple 8, except that the reactor was fed ethyl ene,

propyl ene, 1-butene and hydrogen at a rate of 4000 cc/mn, 3980

cc/mn, 995 cc/ mf pectrvery. Tnefjio  polyigri zati on
condil®ons and ph i zed in
Table | V. —oiame < acked—and—trydrogerdited in the
same nmanner as i n EigegyccSt to |gi ve a coljorless liquid of kifnemat i ¢
viscosity at 100[grr] C of ?oogcc St ang Vi slcosi t yo4 ndex 6.1

17.3
137

5.98
106

40°C

Viscosity Index

15 N.D. 670

Cold Cranking
Simulator, -25°C
Pour Point, °C <-60 -27 -27
Flash Point, °C
Fire Point, °C
Sp. Gr. 0.797 0.815 0.823
Bromine Number
GPC, Mn
GPC, Mw/Mn

20

NOACK, wt%

25 Simulated 96.5 0 12

| Distillation,

% off at 700°F

e
T
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20 of 150.

terpol ymer are sumrarmgﬂee{ﬂhs'ﬁeéal
EXAMPLE 10

The |iqui d“f‘é?%%er

The conposition and the physi cal properties of

Prbpyl ene/ 1- Decene Ter pol
[ll ll]n the same manner as 25 %(Hﬁ%ﬂ"@‘@

except that into the r ect ed m_ of 1- decene and

et hyl ene, propyl ene, and hydrogen at a rat 4000 cc/ mn, 3980

cc/m n, and 480 clmn rDQhQr‘f i \IDlJJ Thg—__p_e,a_et_b hours and
gave 444 grans Of fof qui d ter pgglyrrer Thygo pol yrperi zgd4 on ndi tions
and physical 30 roperties df the prodJct are. sumrgr i zegd n T le IV

The reactor prod§c¥ was crackgd antf’? hydr pgenat in th manner as
Exanpl es 3 and 4{itwxgi ve a collforlessg lighid 761 786

24 havi ng inematic Jviscgsity pt 10 rr] C{ of cStf and

vi scosity index f2°§‘59 The t 4grpol r cpntai %&\% 4. 2% by 24 ght of
1-decBne. The physioesal propertji es, 6umm i zed 804 TabB83 V, ow t he
terpol ynmer has allkhgiter (1 ower]) po poi pt 5 han tthe c |y in
conparative Exa IbggM’A. Oorrpgsrr ative Exar?rz) e A il samne
procedure as Exafff#5% 10 was fdl | o83, exfept t85e i on was
conducted wi thoufl @deidi ng a thijrd ojgfin. |10 Tgge phyqi I es of the
react or product @nd the final hydrofjenated cra r pol yner

are outlined in
EXAMPLE 11 15

aiﬂs?,so:ndang A

Wl ene/ Pr opy

\ and V.

ene/ 1- Hexene

Et hyl@ne,

15

20

25

30

nkest and hydrdgen were nixed in ratiq of
(500 psig 02) 20 18.4

Base oil. @

165°C, minutes

propyl

Containing 10%
Dl, @ 195°C, min

EXAMPLE 8

Ethvlene/Propylene/l-Butene Terpol

This experiment was carried out in a similar manner as
Example 1, except that the reaction was a batch reaction. A
l1-liter autoclave reactor was thoroughly purged with nitrogen
and then charged with 300 ml of dried toluene. Through the
mass flow controller, ethylene, propylene, 1l-butene and
hydrogen were fed into the reactor at a ratio of 4000 cc/min,
3600 cc/min,
Methyl aluminoxane in toluene solution, 46.9 mg-atom, as
0.015 Zx of
bis (isopropylcyclopentadienyl) zirconium dichioride in toluene
After

then
washed with aqueous 1 M NaOH, followed by a large quantity of
water.

400 cc/min, and 400 cc/min, respectively.

aluminum atom, and mg-atom, as atom,

solutions were injected at 50°C and 15 psig pressure.

3 hours, the reaction was quenched with 1% ag. HCI1,

After stripping off toluene, the reaction gave 348

grams of liquid terpolymer. The polymerization conditions

and physical properties of the reactor product are summarized

in Table 1IV. The crude reactor product was thermally

! THIS SHEET HAS BEON |
I REPLACED




47:53.3:5.2 ina 7 L cylinder to a total pressure of 7.16 atm (105.2
psig). The tenperature of the cylinder was heated to and nai nt ai ned at

50[err]C for at least 2 hours to mx the gases. 20 Into a O. ve
SwsOaL T

reactor wasWM® 00 m of tol uene, foll owed by the gas
50[err]C, 1.02 atm (15 psig) ' pressur? Two ml of 1-hexene, dried over
4A nol ecul ar si eves, was injected in 8 the reactor, foI | oned by the

0015 - ShraSesy S A, £ %‘é‘éﬁ‘ﬁ%qéﬁf%}fsﬂwé?%%y v, SHESE IEF)
zi rconi um diled| Didghe polymeévethreught aoWigkeusr c@lwow.s, Thee residue was
poI erEI’I Za&‘ﬁfﬁéggﬁgéd\l\@@eﬁyeﬁcaﬁg vgf h % Iﬁ /%ﬁ%ct‘i’%ﬁhe@arbon"“ t hpdO

.5 Ma he “sol ven evapor at, éd to give

156 grams dfinaljui bydeogenared ligneido t%PS@-IYSNﬁ?r dirdai ped kinepatic
1-hexage bxri'@é&iﬂit%e%%rlgoocmf §rad8seeaaa%1%%lﬁsr e cwqcsenme

sane nmanne Exanmp eart cug g ter mer was

col | ect ed ®erhRed, aMwiMae@feldadr-e @%5@[’@??@%8’129 -Ynexr, om

Hg vacuum d&&ﬁ@ﬁé&tbylééllgrm (#3Y) 72na> Ly dr wemmaeﬁfe vvnztsh rolé . 96 of
Pd/ C as descyi bed |n Exanp anél to q_nve a 98 8972

PCT/ US98 2 propylene, le % of butene | &hysi %ﬁl}d

pol ymer. Tphopdysies! apeoparimatdzed tire Table fVnal hydrogenat ed liquid
terpolynmer are outlined in Table Y/
EXAMPLE 12 5 Exanpl e 11 was repeated, except that 4 m 1-hexene was

I njected as the third nononer. The p ' pg operties of . the final

hydro{; nated liquid terpolyner are om&% Table VI.

EXAMPLE 13 10 sﬁaa YRerGRs f BE8ePh éﬁ@tsa?@e %arké@@@e
dhas tﬁg thir 3 -3 aé v

was i nj ecte nonormer . ysi cal L)vrope | es t& t he
final hydrdg}'én@t"éﬂ‘gllequ?d {RFGRIPE nERaK etBEt I‘?%qlﬁ as | @t@ylene,
propylene, l-butene and hydrogen at a rate of 4000 cc/min,
3980 cc/min, 995 cc/min, and 540 cc/min, respectively. The
15 polymerization conditions and physical properties of the

product are summarized in Table IV.

‘The reactor product was cracked and hydrogenated in the
same manner as in Example 8 to give a colorless liquid of
kinematic viscosity at 100°C of 9.9 cSt and viscosity index

20 of 150. The composition and the physical properties of
terpolymer are summarized in Table V.

EXAMPLE 10
Ethylene/Propylene/l-Decene Terpolymer

The liquid terpolymer was prepafed in the same manner as
25 Example 8, except that into the reactor was injected 25 mL of
l-decene and ethylene, propylene, and hydrogen at a rate of
4000 cc/min, 3980 cc/min, and 480 cc/min, respectively. The
reaction ran for 3 hours and gave 444 grams of liquid
terpolymer. The polymerization conditions and physical

30 properties of the product are summarized in Table IV.

The reactor product was cracked and hydrogenated in the
same manner as Examples 3 and 4 to give a colorless liquid



Conpar ati ve Exanple B 15 For conparison, the ethyl ene/propyl ene
copol ynmer was prepared w t hout addi ng 1-hexene using the sane
procedure as described in Exanple 11. The physical properties of the
final hydr oYO®848%72| i qui d copol ymer are outlined in Table VvI. PCT/US98/12621

26 TABLE |V

Condi tions and Properties of the React or 2ty oduct S Experi nent
%g@?g?tl\/\éﬁ}ﬂ@ng a kEaneAt‘natlc 1szscos1ty altL100°C cif i%s cSt:lq_nd5
Sol vent, niviscosity index of 15300 The terpoldymer corggined 4.230by
T, C

Pressure, v\{el%l-thIoi; 1-decene. 1‘?%‘5 F%Slcﬁ]?%r?giftleééiggmsarl 1;%5)

Feed: I\/bno@@.e V, show thereypelynerchaBna better lowega)opour po 0
4000 g ¢hd copolyme®! 2BY LBiParatiVe) Example A. 3980 3600
3980 ﬁg%g COPOLYMEL *BUCene. oc/min P 0 400
995 1- Decene, m 0 0

0 25 ' Hydrogen, cc/min 480 400

540 w&s& 15 MAO, Al ng-atom

81013 g?’ogl‘he samgzjgg:ocedure:glas?’ TFﬁEmpFESUIlsO[ %H; E&lfgivga?méxcepfg' 01
3 the polymerazatlon' wasYicdmjucgexdiswithout adding a 3hird

328 oé%lkin Thﬁ é]agm.cal pﬁoﬁe&'\;l\gé of al%lb%oggacﬁéi' producflé%d

897 10 thgs £inal hygdapgenated cracked llqu:.d terpolymer are outlimgd

181 i Zaples P?P0ang V. Vi scosity | ndex 72

71.5 67 N A C2, nmole % in pol yner 28

25. 4 27 N A 0

3 6 0 Cerr], nole % in polyner 2196
2339 1784 2129 Eéf_?;&&.l_l%i n pol yner 2.27

:23 8 2. lj 3 2 ene Proz' ng'i‘-Hezzc'ege Texrpol #° WN

Ethylene, propylene, and hydrogen were mixed in ratio of

15 47:53.3:5.2 in a 7 L cylinder to a total pressure of 105.2

psig. The temperature of the cylinder was heated to and

maintained at 50°C for at least 2 hours to mix the gases.

Into a 0.5 L autoclave reactor was placed 100 ml of toluene,

followed by the gas mixture at 50°C, 15 psig pressure. Two

20 ml of l-hexene, dried over 4A molecular sieves, was injected

into the reactor, followed by the injection of 15 mg-atom, as

aluminum atom, of methyl aluminoxane and 0.015 mg-atom, as

zirconium atom, of Bis(i-propylcyclopentadienyl) zirconium

dichloride in toluene solution. After 3 hours, the

25 polymerization product was quenched with 1% HC1/MeOH, washed

with 100 ml 0.5 M ag.NaOH, then water. The solvent was rota-

evaporated to give 156 grams of 1liquid terpolymer. The
terpolymer contained 0.9% l-hexane by weight.

The crude reactor product was cracked in the same manner

30 as described in Example 3. A heart cut of terpolymer was
collected overhead at a temperature of 150°C to 275°C at 1.5

mm Hg vacuum. The product, 114 grams (82%), was hydrogenated

with 1 wt % of Pd/C as described in Example 4 to give a

This Sheet Has Been Rep|
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Mn~ Vh Br om ne Nunber SSim Dist. %off at 371 C (700F)

27 Physi cal Properties of the Hydrogenated Li
uid Ter poI yner arative
5 Ex PEQ9R/E$HT2 Ex. A "CS’US%" 621 ¢
10 Feed: Mononers 25 Et hyl ene, cc/mn
4000 4000 4000 4000 Propyl ene, cc/mn
8980 cggg(z):less 3919@.1398% olgmf3989c0 The physica_L]_. D@%‘igﬁg&%%gs C&i‘ MtHe
0 fiflal hydrdgenated 23quid terpddjymexearecouplined in Table
480 VI 400 540 480 Mol e % of CJerr]
72 72 67 N. D. Mol e % of C3
28 25 27 N. D. Mol e % of (Cerr]
0 3 6 0 15 W %of C err ]
4.2 Ki nemati c \/ scosi ty EXAMPLE 12 at 100[ err]C, cSt
11. 4 4 r
66.1 5 55 @xample?o 131 was SEeBeated exceptc fdia "y 4 r{g‘{ex{ Hexeng “vas
166 1n§5&ted as 168e thirdlhufrither. TRauphh@intal [propéirties of
-3
371[err] ¢ 986[ e#’rlj“?—]; hydrogée%ateg l:.qu.z.d2 tgrpngi%gﬂ Ste: f&ll@ed :Ln
1086 Tablecvi. 1001 1028 Mn/ Mn
1.34 1.24 1.31 1.25 Br om neNunber
0.1 0.1 0.1 0.1 25
EXAMPLE 13
10 Example 11 was repeated, except that 20 ml l-hexene was

injected as the third monomer. The physical properties of
the final hydrogenated 1liquid terpolymer are outlined in
Table VI.

Comparative Example B

15 For comparison, the ethylene/propylene copolymer was
prepared without adding l-hexene using the same procedure as
described in Example 11. The physical properties of the
final hydrogenated liquid copolymer are outlined in Table VI.
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Conditions and Properties of the Reactor Products

29
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Experiment

Comparative

Ex. A

Reactor Volume

Solvent, ml

T, °C

Pressure, psig

Feed: Monomers
Ethylene, cc/min
Propylene, cc/min
1-Butene, cc/min
1-Decene, mi

Hydrogen, cc/min

1L

300
50
15

Catalysts
MAO, Al mg-atom

(i-PrCp),ZrCl,, Zr mg-atom/h

Time, hours

Yield, grams

Kin. Vis., at 100°C, ¢St -

Kin. Vis., at 40°C
Viscosity Index

C,, mole % in polymer
C,, mole % in polymer
C,, mole % in polymer
Mn

Mw/Mn

Bromine Number

Sim. Dist.% off at 700°F
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EXAMPLES 14-17

Ter pol yner
simlar to

These exanpl es were carried out
except that the feed rates of th

Exanpl e 8,

Et hyl ene/ Propyl ene/ 1- But ene

in a manner

Potljstetie

were as 5 WOBBY¥3rth belowin Table VII. Also set forth in
are physical and chem cal characteristi cg of the terpolyners
pr oduced. 7 TABLE VI | 10
Exanpl e 14 1 16 .17
Feed Et hyl ene, n/min TABLE Y, 3880 4000
4000 Propyl ene, m/mn 4000 4000 3000
3200 1 But ene, n1 / m n 200 A_” _ 1000
800 15 . % 7N 7 480
600 ( P6 ol e
0%, Tt cpg———prerenl 06 0l
33.2 28.9 19. 9 Comparative 41. 3 20 But ene, [po nol e
. :
133 Exp&_i.miﬂ 6. 4_ ExA 5.1 5, 9 Paurwﬁm t, [err]C
2477 2094 254/ 4055 M/ Mh
2.12 Feed: Mopaners 2.01 4. 16 Br omi ngjl Nunber
2.3 5 | 3.2 Ethylene, ce/min 1. 3 4000 3. 0400Q5ﬂ 4000 K| n4000i sj] at 100C,
cSt 10§ 188 . 1 0. At
40[err]C, fst Propylene, cc/min 1 1 4, Yo 2 %88 Jom0 *#Bo5
625 Vi S COBButéie, leerslinX 0 189 400 99904 0 193
%318 % Unséﬁ,‘é&%},}“on 0 358 023 P 35 20. 7
Hydrogen, cc/m 480 400 540 480
10 Mole % of C, 72 72 67 N.D.
Mole % of C, 28 25 27 N.D.
Mole % of C, 0 3 6 0
Wt % ome 4.2
| Kinematic Viscosity f
15 at 100°C, cSt 11.4 9.6 9.9 T |
at 40° C, cSt 66.1 55.8 60.3 56.5
Viscosity Index 166 158 150 159
Pour Point, °C -3 -12 -24 <12
Simulated Dist., % off @ 700°F 36 2.2 5.1 3|
20 Mn 1086 1006 1001 1028
Mw/Mn 1.34 1.24 1.31 1.25
Bromine Number 0.1 0.1 0.1 0.1
N
heet Has Been Replaced
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A 1-liter autoclave reactor was thoroughly

30 Exanpl e 18

purged with nitrogen and then charged with 200 m of toluene.

Thr ough mass flow controller, ethylene, propylene, 1-but

hydr ogen vwe@ B2t 0 the reactor at a ratio of 4000 mi/m m%@%ﬂ%&ﬁél
mM/mn, 135 mM/mn, and 89 m/mn, respectively. The nol ar ration
of et hyI ene/ propyl ene/ 1- butene were 90/2¢ 3. Met hyl al um noxane in

tol uene solution, 30 ng-atom as al um num atom and 0.03 rrg atom
as Zr atom o R AR | R R AR AL IRV ST OO e o e ortaene
sol ution re i njectled at 50[err]C, 2.04 atm (30 psilg) pressure. Af

1 hour, tfhe ripagtor [was @i smount ed. The solid pol yner was washed
in a bl ender I thjj 58 ag|HO .2 The salig pol yner was filtergd, re-wasped
w th water. e f IEerc golibdm fde efl ® '*ovenSdrweﬁ;(vErr@g t atg 2 |
50[err] C/10 nm Hol Etétql 28 g’ra‘?ns..ofqa ¥ whi Pe Pomigr ®was Obt ai Red™ |
Drop nel ting lpoi n 503E[errgC DSC rreltlng poi nt, 103[err]C. f
Exanpl e 19 20 The |sol i terpolyner was prepared i the sane mannerf as

in Exanpl e 18 ex ept tat the fees contain no hydrogen, total 181 |
granms of V\/nit SofTd Way ootal neda. CapiTTary mel tifng poi nt,
91-111[err] C | Exarrple The slid terpol ynmer was prepare
t he sane manner Ex rrple 18 except that the re¢actor pressure
mai nt ai ned at g 3‘;4 atjm %2 g agd the reaction was _run Hor 2_hoyr
total 423 grasso it I=Pd"\/va.s &t ai pdg "Dﬁo §O¢nﬁlt|n§ p:ol
105[err] C & npl 4 21v ® Enezgsem SO|Id t@r pollyner was pr epdr
in the sane == = as HbExarrpIe 18, except that ethylene, propylen
1-butene 35 [gn& {| hydr ogen “ere fed into the reacto]f at a ratio
=
3
N
©
S o £ . |
L~ % K] S e 0 8 9 o = o O <
Al 818 [2283c:%8 882|883z 88
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WD085972 PCTI US9S/ 12621

31 4000 M/mn, 1176 m/mn, 160 m/mn, and 107 m/mn,

respectivel The nol ar ratio of et hyl ene/ propyl ene/ 1- but ene

75/ 22/ 3. %émﬁwétlon was run for 2 hours.  AFter %‘55!’"3%5{23%'3
grans of white sem -slid was obtai ned. qét)pS mel ting p0|nt 64.5[err] C
Brookfiled viscosity (Spindle TF at 5 RPM 21[err]C, 387,000 cP.

Exanpl e 22 A rubber selrgggﬁk#&# qgoi.ymer was prepar ed in the sam
manner as in Exanple 21 except t ntain no 10 hydr ogen.

The reaction was run ; : al g grans of a

rubber sem -sliduyas, %&ﬁ{}ég ara Péoea rJ.ednB'urt' H% Féo'uﬁnnézg%ﬁﬁﬂéi'cto

EXAMPLE 23 I on o | ene-i_soput ene copol

At 250 m gxemmear.eawmt l§&atq &Ehg {fﬁeé F&&ﬁét pE the monome ﬁr%%§ as
thoroughl yg ﬁ%} tﬁbféaomna&ﬁﬂw e gl ¥bt BeBO forth iin ofalsiié eviiz

t ol uene (d| stl over potassiu E en dro
were preni & pPhysiral; @nd Ghe tha}/racteopr%tﬂ.cés 34 'é;,}xe (é;ﬁ %ﬂ%“ 53
respecti vebx-od@aéa hen heated at 20 70[err] C overnight. The gas m xture

was fed into the reaction bottl gaat »23kerr] C under a pressure of 10
psig. Then 1.5 ml of 0.05 M tri#Sevotyra uni num (TI BA) uene
solution WS TnJe -c' nt o e Do e W a syringe followec Hy 1 ni
Of 3 l PO |||o| t-e CIT] cat bel. lﬁll] LS l
Bu)] WoCl [efr], I\kxampmat hyI ) in 26l uenk solistionjand fd nallfy 1 M of
3.75 X -8+ M H--phpryH-ear-beRttm
t et raki s(p %@a‘luorophenyl)borate [err] in tol yene qgol ution a
cocat al yst} Ralyne Ak —Sebu-ere—was—~r+Hl at ed
upon i nj ecl gyl MARKAT aI y<t 3Qe00 sol Lti oxgge Thfoughepet tHe ramtlo 1 run,
t he terrper e \Was ndint ai ned constaht—t-enperatioe—bath th a
circul ator} propyiene, mi/min 4000 4000 3000 3200
1-Butene, ml/min 200 200 1000 800
15 Hydrogen ml/min 312 240 480 600
Products
Composition
Ethylene, % mole 65.2 69.7 73.6 73.5
Propylene, % mole 33.2 28.9 19.9 213 .
20 Butene,% mole 14 1.3 6.4 5.1
Pour Point, °C -33 -21 -9 -6
Mn 2477 2694 2547 2055
Mw/Mn 2.12 2,23 201 2.16 "
Bromine Number
25 Kin. Vis, at 100°C, ¢St
at 40°C, cSt
Viscosity Index
% Unsaturation




The excess nononers and hydrogen were continuously vented at a rate of
about 10 m/mn to naintain a constant gas concentration in the
reaction bottle. 32

After one H¥Q®88882reaction was quenched by injecting 10 PET/Uo8A2621
acidic nmethanol into the bottle and the resulted solution was stirred
for an extra hour. The product, along 30with tol uene, was then washed
with 3 x 200 mMl of deionized 5 water in a 500 nl separatory funnel. the

organic la 18 filtered through celite to get a clear solution.
tol uene was z?“f’sfflt‘ Mu&éﬂw derE:‘?:o&' R NARRIGH I g&q@aa&ﬂt
opaque, Vi scous X

i'quid ctivi e pol ynerization was
[err] g of nddixogen (and thenr )charqyainthtd’ui%o Pdr PE RoRURRe ana’F?’é'?‘éng

the |iquidqghoyedizny etbnkedllerobubehglesrq YpRbpyleneqgs iobieénendahd
cont ai ned 46% of et hyl ene 24 15

The pr%ced&}Y@Wft\;m ifad dntq, thereacter @k g s3tio of wLﬁﬂ}n'
pol ymeri zatzien mopeihi Ollssaﬁﬁil.lditﬁlf eafldr #3 omofmin, ekbpeendiedghut eDhewere

h d d t.h h t t t
ol yor i 2afE ORI Bhaor SLREleRRtRFPPYASrY Lol s R | Yot Sy 1T o
mat eri al wetiyl otulmmerb:tarmn time polypens zsolotiond [éﬂr]mQINRtamal ya8s of
the SOl J e 1NEd LRJHR | 08n8T & hyd engid Sy eneagop dtytl btom, of

TABLE VI I | Pol yneri zatlon con ons 25
Exanpt@ bis(cyclopentadienyl) zipgonium dichlorigg in tol HEeRgp| BpburHoneed,
% évere fhie ted at 50°CY 30 pshgl 7l f%ez%l hour, the 82
91 rogen |n %

Pol yrer i zat’ﬁQﬁFtFé?rp‘é?ﬁt Gr-émp@FP}ic The; solid Polme§owa5paﬁﬁ¥b?4 ZARi 8n
Pressure, glarddst gyitld).$8 {d3C10. 6fhd 1$h1id poPph¢tevas af i Dbededp, réF.
1 washe&' with ;I;g e e 'Irﬂe' filtered solid was t%oen oven dried
15 overnight at 50°C/10 mm Hg'. total 233 grams of a white

powder was obtained. Drop melting point 103.8°C; DSC melting

point, 103°C.

50

Example 19

The solid terpolymer was prepared in the same manner as

20 in Example 18, except that the fees contain no hydrogen.

total 181 grams of white solid was obtained ——-—~qpillary
melting point, 91-111°C. Sheet Has Been Replaced

Sammie 20 T

The slid terpolymer was prepared in the same manner as

25 in Example 18, except that the reactor pressure was
maintained at 50 psig; and the reaction was run for 2 hours.
total 423 grams of white fine solid was obtained. Drop
melting point, 105°C.

Example 21
30 The semi-solid terpolymer was prepared in the same

manner as in Example 18, except that ethylene, propylene, 1-
butene and hydrogen were fed into the reactor at a ratio of

THIS SHERET HAS BEEN ‘
REPLACED




Tl BA 1.5 mM of 0.05M 1.5 m of 0.05M

33 Insite[err] cat al yst 1m of 3.75 x 2 m of 75x
[err] [err] [err] 1 m of 3.75 x_ 2 ml_of

X 10[ 09838972 10[err] M Activity, g of PCT’US”’IMI
1.97x 10[err] 2.4 x 10[err] lymer/(nmol Ti - hr) 5

EXAMPLE 25 Pr epar at I on of pyl ene-i sobut ene copol yner

The proced

I sobut ene §H§°hyw2§‘3§?n;;3ﬁ émi?iea SFX (6‘133 93/‘%82]0}) agﬁ&’)@k‘?

r espect i velrgspeet ifved y nt m‘hermolencramm of ett@wtllem m}ﬂlw bﬂt@ﬂe

t ol uene at er er e 0. Oy d$-BA
4 M of 15")% O[Jla%rﬁf%? I nsi {2& %?ércg:alt(ga st an 4 ﬁ?rof% %O%se#rgrr %
[err] 4 soworkeds uper 663 grawdg of Whlt?aﬁé“%ol% AR Qkttain gé§°$hase
of th ‘f?}ﬁ 8CEO VaRlcdity ASpEiRild oot 20
m/m % K%g%&tdgg% our eé?m?e%ctlﬁ%ﬁakegi%near | q&l g " ﬁ obtained with
an act i vi t REME @1PE) 3BTeP99 GPof polymer/ (nol Ti 20 - hr) . The liquid

has Merr] of 3,316 and [err] of 3.00. 13[err] NWR anal ysis of the
| i quid showed formation of propyl ene-isobutene copol yner.

EXAMPLE 26ggample 22The procedure was essentially the same as Exanple 25
except a nonomer gas mxture at a ratio of 26% 65% and 9% for

propyl ene, isob® ernsbber! bpaiegdid rtespedymest \wasoprépdred imnntthe hsam
reaction b%taa'xln%rangs?’ig ﬂargpi)é %Tl %:cywt USRdt! The fees contain no
10 hydrogen. The reaction was run for 2 hours. After worked
up, 303 grams of a rubber semi-slid was obtained. Drop

melting point, 103.3°C.

EXAMPLE 23
Preparation of ethylene-isobutene copolymexr
15 At 250 ml pressure reaction bottle with a magnetic stir
bar was thoroughly purged with argon and was charged with 50
ml of dried toluene (distilled over potassium). Ethylene,

isobutene and hydrogen were premixed in a 7 Liter cylinder at
a ratio of 8%, 82%, and 10%, respectively, and then heated at
20 70°C overnight. The gas mixture was fed into the reaction
bottle at 25°C under a pressure of 10 psig. Then 1.5 ml of
0.05 M triisobutylaluminum (TIBA) in toluene solution was
injected into the bottle with a syringe followed by 1 ml of
3.75 x 10 M Dow Insite® catalyst ([(CMe,)SiMe, N(t-
25 Bu)]TiCl,, Me = methyl) in toluene solution and finally 1 ml
of 3.75 x 103 M triphenylcarbenium
tetrakis (pentafluorophenyl)borate (Ph,CB(C,Fs),) in toluene

solution as cocatalyst. Polymerization of ethylene and
isocbutene was initiated upon injection of cocatalyst
30 solution. Throughout the reaction run, the temperature was

maintained by a constant temperature bath with a circulator.
The excess monomers and hydrogen were continuously vented at
a rate of about 10 ml/min to maintain a constant gas
concentration in the reaction bottle.



initiate polynerization. one hour of reaction a clear liquid 30 was
obtained with an activity of 0.53 x 10[err] g of polyner/ (nol Ti -
hr.). [err]C NVR anal ysis of the |iquid showed formati on of

propyl ene- i WOWSEENE copol yrer. PCT/US98/12621 3,
EXAMPLE 27 Preparation of ethyl engy propyl ene-i sobut ene terpol yner

The procedure was essentially the sanme as Exanpl e 23. An et hyl ene,

propyl ene, i sobytene and 0 r % 78%
and 9% respect?\fg:l %g“ qﬁ%og%%caéh%ggc Eed }?% ta‘?lr{il)l#]f

of tol uenemat mﬁ)[a%r]aemmenn@thanoqores;gréth@f qogzal%lt w@z@% rgqsulzteml of

0-05 M T BRorgellorPiua sé}lzée fokean] eMtbashbazcal shespruieie 2 along
3.75 x 10[er¥

Utions were used to initiat
pol ymeri za tmu% gﬂéspﬁb@él yashed veddh i Hr*sy epemam&fQM?%%%@ y

vent edg w%tté: i eacgo@bfﬁl'tsg Babht8ry. £4hhen . OnQHéOlﬂrgﬁnnrceaIaYé)ﬂ was
clearllqwdwasotalne H nact|V|t

pol ymer / ol fijitereq thrqugh ]c &k gets o?i?ﬁ‘é' ’F?ﬁﬂ%ﬁgglhom'é%luene was
formati on gubaidtileditslpr epowed | subot anerdeapelrgporatd® to obtain an

oxcopt for FREHmFETCURR hiabine vASCRy Ly, B ¥y DY TR Gag ),

and 13. 4% fla97ebhyl@ent, g pobppbdyeeri/doiodt éhe-l'arﬁd zooua;zm.t;génve »C NMR

res i vel Al h ed
Wi tﬁei;é] A ta%ﬁwl[yg o§0§§e ?%@FQE %ﬁ&g&?q{h %t‘ﬂ&ﬁ ne- 1361?1%%1% “@é%éd?%rﬁéerg]
NVR anal ysmasoffarmed japd dl@hgwe@amedfés%apfoﬁ bvlene

et hyl ene- propyl ene-i sobut ene terpol yner. 25 Preparation of

et hyl ene- st yrene-i sobut ene terpol yner The procedure was simlar to
that in Exanple 23. The reacti opxaMprg 4 Was charged with 50 ni
of dried toluene and 10 m of Styrene. 0.68 atm (10 psig) of a gas 30
m xture at a ratThe grddédand 9% lesseithipldnye tinel sambuten&xample 23,

P20 1 kogtS LY il DB gy PLond0Lilf e fhfiggesoche 00
Ph3CE%6F5ethylesiafisnutener wereyschanged and the gas phase of the
reaction system was nonvented. The polymerization conditions
are summarized in Table VIII. Waxy solid material was
obtained from the polymerization and *C NMR analysis of the

solid showed formation of ethylene-isobutene copolymer.

20 TABLE VIITI
Polymerization conditions
Example 23 24
Ethylene in feed, % 8 9
Isobutene in feed, % 82 91
25 Hydrogen in feed, % 10 0
Polymerization 25 25
Temperature, °C
Po}ymerization Pressure, 10 10 “
psig
30 Polymerization Time, hr. 1 1 "
IL?oluene, ml 50 50
“TIBA 1.5 ml of 1.5 ml of
L 0.05M 0.05M
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initiate polynerization. The gas phase of the reaction 35 system was

continuously vented at a rate of about 10 m/mn. After one hour of
reaction a sem -solid was obtained

35 VIVOPBBR972ct i vity of 2.42 x 10[err] g of pol ymer/ ( moPCHUSI/I621
The product has Merr] of 3,127 and [err},of 3.06. DSC study of t he
mat eri al indicated an et hyl ene-styrene-i3S0but ene t er pol ymer _\was
formed. 5 EANMEE—36 FHore

procedure \japn§ifePacatalysrpl e 29. |01 pelgobf3.75 x h Bamlnoft Ars «t '
ratio of 1@% and 90% for ethylene and 1@0-*Msobutene, rp3®OsMively, was ffed

| zg;:g\i]%?[s A f_zSTSLﬁ%] 2T b,

into the bq cont al ni ng wth

m of a [efr ?h;;CB( sFshet hyl styrene at |
m of 0.023 M Ph3CR(CBEA) 4 ol

\I\nl" fal II

pol ymer i zalli 9o j Fhgyga Q,Igase of the react g_Qmskstlgm wa Y
vented at § 1 E he B
sol i d prodicr=wir—omrrarret= < T pvs v
pol ymer/ ( nol T| - hr). DSC study of t he rrat eri aI I ndi cat ed

an et hyl ene- a- met hyl st yrene-i sobut ene terpol yner was forned. 20
EXAMPLE 31 The procedure was essentially the sanme as Exanple 30
25 eXcept for 1.04 x 10[err] nol cEXAMPEE| 26 cat al yst instead of

(C5Me5) Ti A 3 was used as a cat aI st for glylrrgg 6%t|on opoly one hour of

reaction solid proa:S8Rakad

10[err] g of pol B§ﬁ u i ' rlal
i ndi cat ed an ﬁg?hé%enedp err]- ess ytr:gl%e%?éso ﬁsenlg te gabg
was fornmedA propylene, 1s¢bxadqne|®mdtfwdm¢nw FiRFaRe @9 & r@ﬁéo of
products = gg Ofakhe dfyenki onrdiedt SPely el Wasi NESPPEheat it sHEBtaSMI

10 bottle containing 50 ml of toluene at 60°C under a pressure
of 20 psig. 2 ml of 0.05 M TIBA , 4 ml of 15 x 10> M Insite®
catalyst and 4 ml of 15 x 10°* M Ph,CB(C(F;), solutions were
used to initiate polymerization. The gas phase of the
reaction system was continuously vented at a rate of about 20

15 ml/min. After one hour of reaction, a clear liquid was
obtained with an activity of 0.73 x 10 ®* g of polymer/(mol Ti
- hr). The liquid has M, of 3,316 and M,/M, of 3.00. *C NMR
analysis of the liquid showed formation of propylene-
isobutene copolymer.

20 EXAMPLE 26

The procedure was essentially the same as Example 25

except a monomer gas mixture at a ratio of 26%, 65%, and 9%

for propylene, isobutene and hydrogen, respectively, was fed

into the reaction bottle and 3 ml of 0.05 M TIBA was used to

25 initiate polymerization. AFter one hour of reaction a clear

liquid was obtained with an activity of 0.53 x 105 g of

polymer/(mol Ti - hr.). *C NMR analysis of the liquid showed
formation of propylene-isobutene copolymer.
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care, skin care, hair care, cosnetics, household products, cl eaners,
polishes, fabric care, textile coatings and textile 35

| ubri cants, autonoti ve products, car cleaners and polishes, ﬁﬁg@
addi tives, WO9888M2tives, candl es, pharmaceuticals, 1362% 7

PCTI US9&/ 12621 36 suspendi ng agents,
sun care, insecticides, gels, hydraul ic34 flui ds, transm ssion fluids,
nodi fier for polyners, bi odeg%&:&l i cations and 2-cycle oils.

The invention has been described w etob certai n _preferred
embodi ments.  p.o HANENEE \ o ¢ A8 hPPUhQYUBropyl bRi-3lddMiit drfer ghecorre
apparent to t e rnventron 1s not to

consi dered as |imhd qgrocedﬁférﬁhg essentlally the same as Example 23

37 What. i s claine I
conpr i si ng ReARAYHRRE 5 pﬁq;g{q. &, ;isobutene ara?f?%%%ﬁér%t QQ X ‘éﬁghzgnd a
neeennef r om

seconds ol efa ratiiaviofygo%,t a%, 785 andb9%i ﬁespacbmne&yom!aanﬂedl

id first
L il e, PR O e el dtaes
first ol ef |prefsalmea43ﬁ 2BEaig. 2 ml of 0. 05 M TIRH, & 6\‘1 ofi @ -I&cndWt'efin

from1%to ol ( ugbgi ayer 89¢s Myl eqyk ag \migbt(c )300
to 10, 000; MOthsice Qata&gst e%eu a?bweltght d| stri but|Qn of < Qﬁ’s

(f) rando@olsHoAnS dWSEe m&%nwaﬁdntla polymerdgatiqiy - { etaHPs
nol ectp ar PHa¥d USE, the reaction system was continuously vented at a

rate of about 20 ml/min. After one hour of reaction a clear
liquid was obtained with an activity of 4.89 x 10° g of
polymer/mol Ti - hr). *C NMR analysis of the liquid showed
formation of ethylene-propylene-isobutene terpolymer.

15 EXAMPLE 28

The procedure was essentially the same as Example 27

except for the monomer gas mixture was at a ratio of 13.4%,

18%, 55.2% and 13.4% for ethylene, propylene, isobutene and

hydrogen, respectively. After one hour of reaction a clear

20 liquid was obtained with an activity of 3.47 x 10° g of

polymer/(mol Ti - rr). *C NMR analysis of the liquid showed
formation of ethylene-propylene-isobutene terpolymer.

EXAMPLE 29

Preparation of ethylene-styrene-isobutene terpolymer
25 The procedure was similar to that in Example 23. The
reaction bottle was charged with 50 ml of dried toluene and
10 ml of styrene. 10 psig of a gas mixture at a ratio of 10%
and 90% for ethylene and isobutene, respectively, was fed
into the bottle at 50°C. 3 ml of 0.05 M TIBA, 4 ml of 0.015
30 M Insite® catalyst and 4 ml of 0.015 M Ph,CB(C.Fs), solutions
were used to initiate polymerization. The gas phase of the
reaction system was continuously vented at a rate of about 10
ml/min. After one hour of reaction a semi-solid was obtained

IR
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15 wherein both the first olef in and the second olef in
have the fornmula of [err] in which [err] is alkyl, aryl, or

ar al kyl . 2. A terpolyner according to claim1 mherel sai d
20 first WO88/s8972s propyl ene. 3. A terpol y %"(Pg%

to claim1, wherein said secon lefinis a &4 to Cl12 olefln

I ncl udi ng phenyl substituents 4. A terpolyner

accor di ng tqcﬁéa' maltcg\:‘.‘ﬁgbe' n Y42 x 10° %C§g°§81§lr£¥ﬂdo§ Ippul epgy |

1- pent ene, Wi ene, I-'decene’or
styrene. The Iroduct has MA dsér:ppiweanchMuu of t30 QF ai PS¢ skedyi efsai d

t er pol ymer gﬁi a bro Jginu éég§¢on1a om eﬁgig&fﬁgne 1%%%uteﬁe

nunber aver wei g Nt

nol ecul ar \ne:giulsdne;rrw@atfonmeﬂ about 1.0 to 2.5, and a kinenmatic
viscosity at 40[err]C of about 50 to 5000 cSt. 35 6. A
terpol ymer according to claim1, wherein the t er pol ynmer i ncl udes

et hyl ene, propyl ene, and 1-butene. | PHOU: 26207. 1 42053- 00007USPT

38 7. A pol yner containing one or nore vinylidene

ol efins, wherein the polyner is obtained in the presence of a
single-site catalyst. 5 8. A polyner of claim7, wherein the
polymeB is a copol ymer of et hyEXAMPREJ3@ne or nore vinyli dene ol efins
of the st r'Il‘Jlgé uprue_oc[:gcri{l;:ev\agrsem ?rlr]r trc]:d e'?czamaprlee |2r]3d epe{ugl ensi 5 of a

gas mixture at a ratio of 10% and 90% for ethylene and
isobutene, respectively, was fed into the bottle containing
with 1.04 x 10" mole of (CMe;)TiCl; and 10 ml of a o«-
10 methylstyrene at 25°C. 3 ml of 0.05 M TIBA and S ml of 0.028
M Ph,CB (C4F,), solutions were used to initiate polymerization.
The gas phase of the reaction system was continucusly vented
at a rate of about 10 ml/min. AFter one hour of reaction
solid product was obtained with an activity of 0.24 x 10 ®* g
15 of polymer/(mol Ti - hr). DSC study of the material
indicated an ethylene-a-methylstyrene-isobutene terpolymer

was formed.

EXAMPLE 31

The procedure was essentially the same as Example 30
20 except for 1.04 x 10™* mole of Insite® catalyst instead of
(C;Me;) TiCl, was used as a catalyst for polymerization. After
one hour of reaction solid product was obtained with an
activity of 0.41 x 10° g of polymer/(mol Ti - hr). DSC study
of the material indicated an ethylene-a-methylstyrene-

25 isobutene terpolymer was formed.

'In addition to their use as base oils, the products of
the invention are also useful in applications such as air
care, skin care, hair care, cosmetics, household products,
cleaners, polishes, fabric care, textile coatings and textile

30 lubricants, automotive products, car cleaners and polishes,
fuel additives, oil additives, candles, pharmaceuticals,
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chosen fromCerr] to C20 hydrocarbyl groups. 10 9. A pol yner of

claim8 where R err] and R2 are -aliphatic, cyclic, alicyclic
hydr.ocar byl groups. - 10. A polyner of claim8 where W nd
R2 are al kyW 972 11. A polymer of claim 8 where R[BFHF&Q

are net hyl. 12. A pol yner o% claim8 where R err] is an

al i phatic cyclic, alicyclic hydroc ?byl group and R2 is hydrocarbyl

20 cont ai_ ni ng an, aromatic_ring. . 3¢ pol o] LA
where R[ er 98 ¥H 3%811%54 %Qm caﬂ?/'drérclgfe&?%%_%gﬁtséi rﬁlén%éhn r%):%g'??ll%
ring. 25fluids, 14 trahsmission of fdludida,8 wwodd fiear r ] £9%d Rpcdymers,
n-al kyl , . p : - 1A d3alg/ner of claim8 where
Rlerr] is r%:ﬁ{/%%%a%ei%fﬁiﬁcagﬁgﬁgl ;ngoz c% 16. A cracked liquid
copol ymer of et hyleengnfehtddbn hasol Béen, dedcriibedl witth beiefprence to

characferized by. a nol . % of et hyl 50 7 .
(b) nu#rbelrz"ﬁféi'%ﬂg}é nBFEéEFEFd\(/\ei)?}'FRO ?’mﬁngﬁoo;y?,?gwgrgm (c%é) mg)%a%g Sr
wei ght di stwddidt ivneftefeon will becofmd) appadmntmhwiphogesskibledodn and

| PHOU: 26207.,1 42053- 00007 . . idered as limited 39
(e) a head-t[}b%t%fé' rrg?‘ culgg'r@;é lr%rcl:tf]?epo‘: to be consi HmEe

thereto.



17. A cracked copol ymer according to claim 16, wherein said olefin

contains from3 to 20 carbon atons. 5 - 18. A cracked copol yner
according to claim16, wherein said olefin is propyl ene.

19. A crd@ﬁ@ﬁﬁggﬁolyner according to claim16, 10 mhereinpggﬂﬁwg?g?Fn
I's 2-nethyl -1-propene, 2-nethyl-1- utene, 2-nethyl-1-pentene, or

2- et hyl - | - hexene. 20. A Cracked copol yner according to claim
16, rein said,olq{ixgj s al pha-net hyl styrene. 15 21. A
cracked I quft ﬁﬁwﬁﬁ%ﬁﬂﬁ of ethylene, a first olefin different from
et hyl ene, and a second ol efin having 4 to about 20 carbon atons and
different fromsaid first ol efin; said terpolyner being characterized

by: 20 _ 1. (ap rniquidf terpplymer rofn ébhydede,%a first olefip
mol % of Sg#gf%?%%kl%féﬁa”f%&@e}é, t9n80% (%?con'd olefin) h&Ping %fléé' d

second ol e i nunber average norecul ar
wei ght of abgog0202%arbon atems amdedifferaptgirom sadid fixst #lefin;and

(f) rando 0 ' ' d h terizedZByv:A terpolymer according to
clain1Zlmgggg?hgggﬁ§fydé£¥§rﬁﬁbcﬁ s pro 4

efin is propyléene. 30 23. A
t er pol ger accor(@)ng ¥ egHyliene lofhfremnigatd 80%; second olefinis a C4 to
Cl2 olef in. 24. A terpolyner according to claim2l1 wherein

said 35 secondbdl efd wf saidfirrt aletinené Lxometén&e BMupt ene,
|-octene, 1-noneas: @ Jr W %econd SH£220 e r2a 130RR0 4T
(d) molecular weight of 300-10,000;
(e) molecular weight distribution of < 2.5;
10 (£) bromine number in the range of 0 to 53.

(g) a head to tail molecular structure.

2. A terpolymer according to claim 1, wherein said
first olefin is propylene.

3. A terpolymer according to claim 1, wherein said
second olefin is a C, to C,;, olefin including phenyl

substituents.

4. A terpolymer according to claim 1, wherein said
second alpha-olefin is 1-butene, 1l-pentene, 1l-hexene, 1-
heptene, l-octene, l-nonene, or l-decene or styrene.

5. A terpolymer according to claim 1, wherein said
terpolymer has a bromine number ranging from about 0 to 25,
a molecular weight of from about 1000 to 3000, a molecular
weight distribution of about 1.0 to 2.5, and a kinematic

5 viscosity at 40°C of about 50 to 5000.

i
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40 25. A terpotymer according to claim2l, wherein said
first olefin is 2 met ﬁtflz‘gﬁegbqﬁggemR -la[gg(; hyl - 1- but ene, 2-
nmet

met hyl -1 - pent ene "mn“']m[m I“ 26. A terpolLyiRlcosnaeat

accor di ng t%¥° 3?’?37?21 first olefinis

al pha- net hyl styrene. rocess for the production of a
cracked 10 copol ymer, corrprl sing the st ps of: (a)

pol ymeri zi ng et hyl en nd at. | east _one t he fs a
single-site catetla'l ys?\ a\'c ?:"gl?‘ﬁ age °rc{i%rr5éur? aj mak'ﬂf ran eeltsl on m?tq' of
G oup | Vb eofleffimsPerairedi calpha m}wlasnymel urd trecinyl t b-propene a 2-
precursor P a ‘fd?ﬁﬂn t_] SskeRePOrtion
of the preg%%g‘(fiml blg‘%eorb%‘l ;gne?e? prodgeslegncraﬁ Xlol yner %t a
tenperature above 300 [err]C A process according to

claim 27, wherein said 20 olefin has from qbo_ut 3 to 20 carbon atons.
29 A process az:.cormilmmndctapaiﬁﬁ‘lﬁrvmaﬂ-nm at lepst|enesopr ByHeene.

§q &onlyner obt ai ned according to the process
of claim?2 conprlses a copol yner or segnents thereof and
havi ng greater unsaturatlon t han said precur sor copol yner. 30

31. A process for the production_ of a cracked |iquid t er pol yne

conpri sing the A epd digquid copolym@;) oxpseypediyrieryoft ﬁyhaql@neaandr sne

ol efin dif{y | | o
20 car bon ateor‘r’g'nildﬁ(?% Eagrié%ﬁfsr ?ﬁtﬁé%%ﬁ II'%C:;?! RY Vmé%“k

presence oPNE sRngrkesindepsngdeptlyt ofRPAERNFZP™ ohpotRd Col hygrogarbyl
transition g Of Group IVb of the Periodic Table and | PHOU: 26207. 1
42053- 00007USP

9. A liquid copolymer of claim 8 where R, and R, are
aliphatic or alicyclic hydrocarbyl groups.

10. A liquid copolymer of claim 8 where R, and R, are
alkyl. -

11. A liquid copolymer of claim 8 where R, and R, are
methyl.

12. A liquid copolymer of claim 8 where R, is an
aliphatic, cyclic, or alicyclic hydrocarbyl group and R, is
hydrocarbyl containing an aromatic ring.

13. A liquid copolymer of claim 8 where R, is alkyl and
R, is hydrocarbyl containing an aromatic ring.

14. A liquid copolymer of claim 8 where R, and R, are
n-alkyl, methyl or phenyl.

15. A liquid copolymer of claim 8 where R, is methyl
and R, is phenyl.

A R

s enaen oo
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41 an al um noxane to produce a precursor terpolyner; and
(b) cracking at | east a portion of The precursor - terpolynmer to

produce a cracked terpmsysmEHasBeenR laced 32. A proces | to
claim27, W57 SI tion metal is select edﬁﬁ@r%?@gie&g
group consi sting of : UIIII" l“lﬂ“ﬂ&ﬂ um3§| rconi um and haf ni um

33. A process accordin wherein the - 10 al um noxane is
pol yret hyl al um noxane. A process according to claim 27, wherein said

cracking step is thernal crack| ng. 15 35. A process
according to clajgn 27 AWa@Hé@alﬂquld co olﬁrﬁ@:ﬁkldm ethplefecadnd e@rput

at a tenperature range_of 50 C to.about 550[err] C and
a pressur e Bekiym {Cepelymer belngt h@ﬁ%ﬂ%‘%&% pressure

20 36. The cracked terpolynmer obtained accor ding to the

process of clai @1, Wwethyzerpr PEeSram: SfolbmehSr segnent s

t hereof and having greater unsaturation than said pr ecur sor

t er pol yrer. 25(b) mol&GularTheightoodss 28yrding to claim 27,

whi ch conprises the additional step of hydrogenating said cracked
copol ymer productc) o fivDetatar Wedghgeddistdibumion .of < 2; 38.

A process according to claim37, wherein the 30 hydr ogenation is
carried out by rp@ptlppoﬁ{néhﬁu%ggkg(f < 53; and copolymer with hydrogen
gas in the presence of hydr ogenatlon catal yst, a tenperature of

about 150[err]C b 5 r Sssure of about 17-68
at m hydr ogen. {&’ %Shead t8 ggil 9‘?’[%%%‘] %r ogenat eﬁi cracked copol yner .
pr oduced

17. A cracked copolymer according to claim 16, wherein
said olefin contains from 3 to 20 carbon atoms.

18. A cracked copolymer according to claim 16, wherein
said olefin is propylene.

19. A cracked copolymer according to claim 16, wherein
said olefin is 2-methyl-l-propene, 2-methyl-l-butene, 2-
methyl-l-pentene, 2-methyl-l-hexene.

20. A cracked copolymer according to claim 16, wherein
said olefin is alpha-methylstyrene.

21. A cracked liquid terpolymer of ethylene, a first
olefin different from ethylene, and a second olefin having 4
to about 20 carbon atoms and different from said first
olefin; said terpolymer being characterized by:

5 (a) % ethylene of from 10 to 80 %;

(b) % of said first olefin of from 14 to 80%;

-
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according to the process of claim 38 \/\herel n the brom ne nunber
ranges about 0 to abo ﬁﬁtHaSB“nR ij : 26207. 1 42053- 00007USPT

Etie— | ] ||||{ SRR

hydr ogenati ng said cracked terpol yngé product to produce a
hydr ogenated 5 pr oduct . A process according to claimA40,

wherein the @éd@g&fa&éﬁa bS oAl bfl%f%t dp FRaRtigncel ke or acked

terpolynmer with rogen gas 1 n the presence of hydr ogenatlon

catal yst, a tenpgs.at bout 1 ertd G about 500[err]C, and a
pressure of aboufé)l ﬁ§d?’86§9ﬂ: of 12%0300' The hydrogenat ed

cracked terpol yner produced ac i.n ess, of _cl,aim 40
wherein the bronf®e mﬂeﬁ‘d%ﬁr“ﬁéﬂé& %&ﬁg&‘?’ l&rgb%ﬁt 125 and

43. A process for the production of a hydr0| soneri zed hydr ocar bon
produd® of an (Bt hybxemineenumbegoprfms: 53 conprising the steps of:
(a) polynerizing ethylene and at | east one oI efinin 20 t he presence of
a single-site catalyst conprising a conpound of a transition netal
of Group IVb of the Periodic Tabl e and an al um noxane to produce a
precursor IOOI yMEF32. A té¥polymer accofinkydroi sbagm Zhgwherkiastsaid

portion of Z%r ecursor |l vier to produce a hydroi soneri zed
hydr ocar bo st %ﬁfﬁtls rop92e¥1 A process according to claim 43,

wherein the hydr oi soneri zati on |s carrled out in the presence of an 30
aci di ¢ hydroi sonerization catal yst, a tenperature of about 150[err] to
about 300[err]C and a pressure of about 17-68 atm q¥dro en. .

23. A terpolymer according to claim wherein said

second olefin is a C, to C,, olefin.

24. A terpolymer according to claim 21 wherein said
second olefin is 1-butene, l-pentene, l-hexene, l-heptene, 1-

octene, l-nonene or l-decene.

25. A terpolymer according to claim 21, wherein said
first olefin is 2-methylpropene, 2-methyl-l1-butene, 2-methyl-
l-pentene, 2-methyl-1-hexene.

26. A terpolymer according to claim 21, wherein said
first olefin is alpha methylstyrene. '

27. A process for the production of a cracked liquid
ethylene-olefin hydrocarbon polymer, comprising the steps of:

(a) polymerizing ethylene and at least one olefin in
the presence of a catalyst comprising a compound of a
5 transition metal of Group IVb of the Periodic Table and an
aluminoxane to produce said polymer; and
(b) cracking at least a portion of the obtained polymer
to produce a cracked hydrocarbon copolymer.
—_
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45. A process according-to-claim43_ wherein the 35 olefin is propylene.
IPHCU 26207.1 4205300007USPT 43

46. process accor § BgemRepicednher ei n t he second olefin is
2- met hyI pr dﬁ@ﬁyﬂ”ﬁmat " ‘mm t met hyl - | - pent ene, PGI/US98/12621

2- met hyl - 1- hexene. A pypcess according to claim43
wherein the ol efin is al pha-nethyl s rene. 48. The
hydroi someri zati on hydrocarbon product of cl aim 43, wherein the
brom ne nunber ranges about 0 to 10 about 1.5. 49. A process

according to cl 28sm 43A vwroeeasa areevding tool Glanmnt%ib.rrewmmlng saddch 4
to about 284 8?5.?10%@ @%n{ Sbhout 3 n(_: “ﬁlsdchgbéﬁ' thﬁ@ct | on and said pol yner
ep a

produced in's is aterp A process
according to claim49, wherein sai d second ol efin | s 1- but ene,
1-pentene, 1-hexpgne, pl PSEEQBeaccordlﬁgoﬁbeafan.ﬂa poneiRepeih- ERECOPe£ A
51. A progess accqrdi ng to claim49, wherein the nmononer reactants
are et hyl eh8, PEPBYHER® and an ol efin having from4 to 12 carbon

at ons. 25 52. A process according to claim49, wherein the

hydroi someri zat 58” re‘i‘ﬁtel cc):ri'alc ecf‘rcrzésgl%terl Obtthael 2458

ggrding to the
process of claim 27, which comprises a copolymer or segments

thereof and having greater unsaturation than said polymer.

31. A process according to claim 27, wherein a second
olefin having from 4 to 20 carbon atoms is included in said
polymerization to produce a terpolymer.

32. A process according to claim 27, wherein the
transition metal used in step (2) is selected from the group
consisting of titanium, zirconium and hafnium.

33. A process according to claim 27, wherein the
aluminoxane used in step (a) is polymethylaluminoxane.

34. A process according to claim 27, wherein said
cracking step (b) is thermal cracking.

35. A process according to claim 27, wherein said
thermal cracking process is carried out at a temperature
range of about 250° to about 550°C and a pressure of from
about 0.1 to 30 mm Hg vacuum pressure.

36. The cracked polymer obtained according to the
process of claim 31, which comprises a copolymer or segments
thereof and having greater unsaturation than said terpolymer.

37. The process according to claim 27, which comprises
the additional step of hydrogenating said cracked copolymer

product to produce a hydrogenated product.
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of an acidic hydroisonerization catalyst, a tenperature of about
250[ err] to about 550[err]C, and a pressure of about 17-68 atm

hydr ogen. 30 53. The hydroi soneri zed product of claim49, wherein
the brom neVR9858%72r anges about 0 to about 1.5. 5 RCTAIS98/12621

| ubricating oil conprising a pol yner of aim 35 1 as the base oil and an
effective anount of at |east one oi T addi ti ve. | PHOU: 26207. 1

42053- 00007USPT 44 55.
A lubricating oil conprising a polynmer of claim 16 as the base oil and

effective anount3®f atAl gascess eccordingdetigbaim 37, wheregin the

| ubricatin ' | SN | &y tiénaSof haserackeand
an effecti %ﬂé’lr?%if&%t %sgaggk%ﬂga Cguﬁoﬁj“aggiafi ve. %$7. A
| ubri cat i nGORAlyme®pr i Wish a iyegenof 9@si B0 the Brefenssse oF 1 and
?nbef fecti v l@éﬁaﬂoﬁtcdt%}sl@,n% tefmpélliaittﬁﬁbiidﬂ' %out 1€0°§ to a_5|8>utAd
ubricating ail “conprising a polyngr i as .t ase oil an
an effect i @%ﬁyurﬂrg)éfaaﬁg?%ﬁ&eo‘rﬂrg Egou(éo%sr@a—&(ﬂqq BP9 hydrogér. 59. A
| ubricating oil conprising a polyner of claim 39 as the base oil and

an effective a t of gt | eas n oi [ $iV a2 A
| ubricating oi In% ohpri sﬁﬁ% aﬁ§§F§ﬁ§PagF dcI zgllrnafc'q'g:’l d gopgf’ymer produ@%d
according to the process of claim 38, wherein the bromine

number ranges about 0.04 to about 1.5.

40. A process according to the process of claim 31,
which comprises the additional step of hydrogenating said
cracked terpolymer product to produce a hydrogenated product.

41. A process according to claim 40, wherein the
hydrogenation is carried out by reaction of the cracked
terpolymer with hydrogen gas in the presence .0of a
hydrogenation catalyst, a temperature of about 150°C to about

S 500°C, and a pressure of about 250-1000 psig hydrogen.

42. The hydrogenated cracked terpolymer produced
according to the process of claim 40 wherein the bromine
number ranges about 0.04 to about 1.5.

43. A process for the production of a hydroisomerized
hydrocarbon product of an ethylene-olefin polymer, comprising
the steps of:

(a) polymerizing ethylene and at least one olefin in

5 the presence of a catalyst comprising a compound of a
transition metal of Group IVb of the Periodic Table and an
aluminoxane to produce said polymer; and

(b) hydroisomerizing at 1least a portion of said
obtained polymer to produce said hydroisomerized hydrocarbon

10 product.
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42 as the base oil and an effective anmbunt of at | east one oi |

additi ve. 25 61. A lubricating oil conprising a pol yrrer of claim
48 as the base oil and an effective anpbunt of at | east one

addi tive. WO98/58972 62 A |ubricating oil conprising a pol yrﬂ?’@?’%‘m
30 53 as the base oil and an effective _anount of at |east one oi |
addi ti ve. - 63. A process f the production of a liquid:

terpol ymer conprising the steps of: 35 pol yperi zi.ng et hyl ene
and at | east onétdi ef i it PTOcesFi r?é’qqm%%oﬁé %éél&rggn a“(lb% %lﬂdr‘j"
second ol efliytiroi Sdthdi2820Tch 40H52AHEA/SBEL in the presenceviaf famm
4-20 carbon at ms n.the resenc Oof a |y gt

conpri si ng &t daRds f“e&'lﬁéﬁﬁr} |%%+‘Q9§gt'meat l?e@égar'%gépél ég S
periodi c t agce ami about 13000Raard a pressupeodic abouitd 256 et WAAN0 pssig
64. A ding to claim63 which conprises . t he addi ti onal
step o%r hyggéigztaa&r%%hg sai d terpolyner product to produce a

hydr ogenat ed t er pol yner product. 10 65. A process according to

clai maccording 4&. clp@'?@ocess Lo B th A Lhim el OeaiErd D tife G Al

out by reaction the terpolynmer-with hydrogen gas in the presence
of a I PR8N catal yst, a tenperature of about 150[err] to
about 500[err]C, and a pressure of about 17-68 atm hydrogen. 15

66, The hydrogengfed )l SRAUIME A REQHESY & W HN%I 0 whered M Tl Yetishd”
olefin is 2-methylpropene, 2-methyl-l-butene, 2-methyl-1-
pentene, 2-methyl-l1-hexene.

47. A process according to claim 43 wherein the olefin
is alpha methylstyrene.

48. The hydroisomerization hydrocarbon product of claim
43, wherein the bromine number ranges about 0.04 to about
105.

49. A process according to claim 43, wherein a second
olefin monomer having from 4 to about 20 carbon atoms is
included in said reaction and said polymer produced in step
(a) is a terpolymer. '

50. A process according to claim 49, wherein said
second olefin is 1-butene, l-pentene, l-hexene, l-heptene, 1-
octene, l-nonene or l-decene.

51. A process according to claim 42, wherein the
monomer reactants are ethylene, propylene and an olefin
having from 4 to 12 carbon atoms.

52. A process according to claim 49, wherein the
hydroisomerization reaction is carried out in the presence of
an acidic hydroisomerization catalyst, a temperature of about
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67. A lubricating oil conprising the polyner produced 20

by the process

of claim63 as the base oil and an effective anount of at | east one

oil additive,

68. A lubricating oil conprising gcﬁxgé
of a

pol yner of Y¥P2M%% as the base oil and an effective anount 2

| east one oil additive. 69. 44A terpolyner conprising ethylene,

a first olefin different fromethyl'ene, and a second ol efin having

about
ol efin;

et hyl edie fhypdrdgenc 97% (b) mol %of said first olefin from3

to 85% (c)

(d) nunber average nol ecu] ar, wei ght of 300 to_ 10, 00

<R RO oFRORPREF BEDngcRALA BF PHeip BE RboboT50o%8 10061 pe]

I'ng’c rrze no

nmol % of said second olefin from1% to 10% and

) , 35,
terpol ymer is oBBai nékhe nhydeojsouerdzes Pr°du%Fs?£gF33§qe§%%u%.?§?fnand
both the fipat plofiine aifnbide ranh 2B6QE 70 1042063 abod7 USHT.
46 second ol efin have the tornula of [err] in which Rerr] is

al kyl, aryl, or aral kyl. 70. A terpolynmer according to claim

69, wherein sai g4.5 A tlhpelgatingsoilqoouprising a polymeEr of telpbnyker

herein sai 4.5 ; yaetng soil gt _ A€ ety
et pol ymer SRa§ Py PR S8, A Srrect ik ARRUETof B et She ot 200

to about l1a8dd&dvel0

72. A terpolymer according to claim69,

wherein said terpolynmer is a solid polyner having a nunber average
nmol ecul ar wei ght of from about 300 to about 1,000, 000

55. A

lubricating oil comprising a polymer of claim 16

as the base o0il and effective amount of at least one oil

additive.

56. A
as the base
additive.

57. A
as the base
additive.

58. A
as the base
additive.

59. A
as the base
additive.

60. A
as the base
additive.

6l. A
as the base
additive.

lubricating oil comprising a polymer of claim 21
oil and an effective amount of at least one oil

lubricating oil comprising a polymer of claim 30
0il and an effective amount of at least one oil

lubricating oil comprising a polymer of claim 36
oil and an effective amount of at least one oil

lubricating oil comprising a polymer of claim 39
oil and an effective amount of at least one oil

lubricating oil comprising a polymer of claim 42
oil and an effective amount of at least one oil

lubricating oil comprising a polymer of claim 48
oil and an effective amount of at least one oil
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15 73. A polyner of claim7, wherein the polyner further
conpri ses one or nore non- V|nyI|dene ol efins. A pol yner

of claim73 n the vinylidene olefins are of the st rr]
i n- whi ch R[gprwsr&%}& R2 20 are independently chosen from C[e%%éﬁ
al kyl, aryl and aral kyl groups. 45 75. A polyner of claim74,

mherein t he non-vinylidene ol efins are vinyl nononers. 25
76. A polynmer of claim75, wherein Rerr] is nethyl, and R2 is

i ndependently chosen fromClerr] to C20 aliphat.ic dr oc S.
30 77 68 polRroibERCaF b 98T GREPEL iRfkA POliiqD of Flath BY
met hyl . as the bad8. oAlpahdmen @‘fﬂéc&tiﬂé&m@hﬁteoﬁ Btelehsts oneJjeiY |
to C20 |ﬁ§g%ﬁﬂmulc hydr ocar byl group, and R2 is aryl or aral kyl. 35
79. A poly 1¥fai m 75, wherein Rlerr] is methyl and IPHCU 26207. 1
42053- 00007USPT R2 is

phenyl . Hﬂ!?ﬂBF &*ﬁ tﬁﬂ#ﬁﬁghﬁ re
[err]-ol efins. §%né Atﬁgéﬁn aun%ﬂ erein epo@mr
is a cﬂﬁacﬂ:yamn bf compriBingr @M@'@Rﬁe@ Ene

(a) polymerizing ethylene and at least one olefin

having from about 3-20 carbon atoms and a second olefin
having from 4-20 carbon atoms in the presence of a catalyst
5 comprising a compound of a transition metal of group IVB of
the periodic table and an aluminoxane to produce said

terpolymer.

64. A process according to claim 63 which comprises the
additional step of hydrogenating said terpolymer product to
produce a hydrogenated terpolymer product.

65. A process according to claim 64, wherein said
hydrogenation is carried out by reaction of the terpolymer
with hydrogen gas in the presence of a hydrogenation
catalyst, a temperature of about 150° to about 500°C, and a

5 pressure of about 250-1000 psig hydrogen.

66. The hydrogenated terpolymer produced according to
the process of claim 64.

67. A lubricating oil comprising the polymer produced
by the process of claim 63 as the base oil and an effective
amount of at least one oil additive.

68. A lubricating oil comprising a hydrogenated polymer
of claim 64 as the base o0il and an effective amount of at
least one oil additive.
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82. A polyner of claim 73, wherein the polynmer is a 10 copol ymer of
2-met hyl propene and propene. 83. A polyner of claim73, wherein

the polyner is a terpol ymer of 2-methyl propene, ethene a
15 gWO BRI yner of claim 73, wherein the polymer is g&m&gﬁﬂ&

terpol yner of 2-nmethyl propene, ethene angsstyrene. 85. A
pol ymer of claim 73, wherein the polyner s a t er pol yner of

2- met hyl propene, _et hepe_and al pha t sty . .

pol ymer of cl ai'n§§3, &h%?@%fyﬁgrpgfy%#yigng, & Ef?gtf'p%}?%? 8?' £feilnt”
2- met hyl pr dheome, ethydenesndantdhyd | deaend olefimohawang & to about 2p A
pol yner of L. 7 repp t rg iq t Y@ efin; ;
2- et hyl pro&péelﬁlg‘{)Iill géf%ag’ﬁr;b: gh@ n%ﬁ%gg%%ggt efd."so t saé'iden§£99£30m efin gg:.d A
pol yner of texpolyserwheingncharassierized Py copol yner of
2[”?th¥%praﬁene_?QghekhEFhQQEﬁgﬂ%Eb%EBM“lo ﬁo 97% f 89£ A pol yner Og
claim 73, erein the polyfer Js.a COpo of 2-nme ropene an
norbornene. 35 (P) % °f9§?1dAfﬂ6]S}rrc91%ﬁoubl‘¥rrr¥xﬁ? ﬁh%?eﬁ*?he pol ymer is
a | PHOU: 26207. {c$#20%3080881dSEecond olefin of from 1% to 10%;

e 087! YERbn2he? niRbLY ALPRE AL P 8 53

(e) a head to tail molecular structure.

70. A termpolymer according to claim 63, wherein said
terpolymer is liquid. '

71. A terpolymer according to claim 63, wherein said
terpolymer is a wax-like terpolymer having a molecular weight
of from about 300 to about 100,000.

72. A terpolymer according to claim 63, wherein said
terpolymer is a solid polymer having a molecular weight of
from about 300 to about 1,000,000.

73. A copolymer comprising one or more vinylidene
olefins, and optionally one or more non-vinylidene olefins.

74. A copolymer of claim 63, wherein the vinylidene
olefins are of the structure CH,=CR,R,, in which R, and R, are
independently chosen from C, to C,, alkyl, aryl and aralkyl
groups.

75. A copolymer comprising one or more vinylidene
olefins, CH,=CR,R,, wherein R, and R, are independently chosen
from C, to C,, aliphatic, alicyclic and aromatic hydrocarbyl
groups, and an additional comonomer comprising one or more

S vinyl monomers.
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91. A polyner of claim73, wherein the polyner is a ferpolyner

of 2-net hyl propene, propyl ene and norbor nene. ‘ 5 92 A
pol ymer of claim 73, wherein the polyner is a terp

2- net hyl pr FCI¥S8M3r bor nene and st yrene. QBQbiHE&P§HE¥ of
claim 73, wherein the polynmer is a 40  terpolyner of

2- met hyl propene, propyl ene and al pha nef%yl styrene. 94. A

2- met hyl pr opene, 4}%9

pol ymer of clai g3, N}fé@iﬁ@}%ﬁn@f'aﬁ%ﬂ §52 wl'ligreinr R, lig}ge{:nﬂc affl
95. A pol yRerisfindependenthyrchosen LM \Gretoj Ezoaalgphg'\éic hydposayhel of

2-nethy|praﬁgﬁ gnd 4-net hyl pent ene. 20 96. A polyner of

claim73, ereérn the polymer is a t er pol yrer . of

2- met hyl propene, styrene and 4-net hyl pent ene. 97. A

pol ymer of clai mg/3, m%ﬁ%ﬁlﬁﬂérp@ﬂ’nelaim &5, wherein tRyr pmd/nR; awe
yl pent ene and r 25 nor bor nene.

2- et hyl pr opene, 4-met h
IPHCU:2620ng%ﬂ?053-00007USPT
78. A copolymer of claim 75, wherein R, is a C, to G,

aliphatic hydrocarbyl group, and R, is aryl or aralkyl.

79. A copolymer of claim 75, wherein R, is methyl and
R, is phenyl.

80. A copolymer of claim 75, wherein the additional

comonomers are a-olefins.
81. A copolymer of 2-methylpropene and ethene.
82. A copolymer of 2-methylpropene and propene.

83. A terpolymer of 2-methylpropene, ethene and
propene.

84. A terpolymer of 2-methylpropene, ethene and .
styrene. '

85. A terpolymer of 2-methylpropene, ethene and alpha
methyl styrene.

86. A terpolymer of 2-methylpropene, ethene and
‘ethylidene norbornene.

87. "A terpolymer of 2-methylpropene, ethene' and
nonconjugated diene.

88. A copolymer of 2-methylpropene and ethylidene
norbornene. —_—
-
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89. A copolymer of 2-methylpropene and norbornene.
90. A copolymer of 2-methylpropene and propylene.

S1. A terpolymer of 2-methylpropene, propylene and
norbornene.

92. A terpolymer of 2-methylpropene, norbornene and
styrene.

93. A terpolymer of 2-methylpropene, propylene and
alpha methyl styrene.

94. A terpolymer of 2-methylpropene, 4-methylpentene
and propylene.

95. A copolymer of 2-methylpropene and 4-methylpentene.

96. A terpolymer of 2-methylpropene, styrene and 4-
methylpentene.

97. A terpolymer of 2-methylpropene, 4-methylpentene
and norbornene.
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