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VETALLI ZED NANOSTRUCTURED CHEM CALS ALLOYED | NTO
POLYMERS Cross-Reference to Rel ated Applications This

weaepplvoaatsron clains priority fromU. S. Provi si ed@lus2006/033056

Pat ent Application Serial No. 60/709,638 filed August
19, 2005. Field of the Invention This invention
relates generally to nethods for enhancing the

physi cal propritiEnvefOERRIMITOMBERIZARON |
particularly, to nmethods for alloying a netallized
nanostructured chem cal into a polyner to enhance the

properties of HAEKISRGURD OPAFKCRAIPNIGN THE | NVENTI ON

It has long been re ni zed that the properties of

pol ymers can be coﬂELngFeEHEdNé(EINTéQ Ndegr ee t hr ough
var i bl BReseHp tﬁv@ﬁtl&PFé‘i’é‘{@é W% r%@é%oﬁ)'r ttl‘\é’@,el':-zctlve ollgomerlza—

t her rmdynam cs and processin condi tions.

tign af plafing sustoan ischutylenartp ders) Biairdy thendimsh a\ﬁ@sel@fa selectivity
eF\I’\%)rLcﬁ{lgsmcﬁlf@i shidh %’Bu&éﬁo‘?‘%ﬁé}x?ls &ibld g/@d srgd ;?bé?én@% an

t
lqbegrytwrprwe%owgvg@tthe Idjrq%ﬁ‘k;r ?Stf@?r;eégi § reaction spparyBiegyom the
ﬁ'qb%érl}%tl{ir‘? ﬁ1ué %é fexc '\nlgrﬁ%rémgrﬁ’r?é'rténﬁsche lrrfbatlfl%‘? 'ernﬁ% étgp IS

lrd;mratedruymttbe Iovar@Jl od:gqmeraztdtloneroqedbtmr etc. ) possess
consi derable a rnal free
vol une (see Fi zyﬁtjégre]é% F{Dﬁ,qwgg,fe?g@__i l\D/%{Bhﬁ‘)%;fe a pol ymer
has &hée okgmneltration mp attinesuch as physiers ugpng peidici @dalysts is
ce i this volunme that the dynamc

bESP8Wé’Y(?l{lg§)V\(nemdﬂe ngt ation, translation, rotation,
cr yshgldesariticdan)u.sf 3|t76bmer a Qlogibaes opbaiﬁiWBtSl gredqpematfer this

i nfl enc f.undanment si cal. . prop
& adndfellnn ¢ ol nOTHE  CERaLGT PO Gdl on esdubr,
sﬂldtﬁﬁlﬁﬁlhtlﬂt\@ Gomf@ﬁinbstmg’ﬂ&eﬁlf\mm NIl Flﬁg Pt ro@[llf&ix adtivated natural
stress transfer, and surface operties. The
ot 45 BRIVEpGoUERIRESS Glidherd ANb: Br ST %Qbéfﬁ? such as
trdﬁ@&ﬂd@nqmgaédd/c&mm bptidrilpRapesed &s cahRYsiich & adtivkited
for exanpl e, denser regions and phase separatjon

canbpm haitge Fay‘wéqie% SAT0SB1NONG8PG aWED AhRfaliRlides syich ge TiCk,

hEfRES IR fehaad siibiBhdstic Wéﬁ sﬂ@a éf BndgBdsephomolybdic
Because of its influence on thernmodynam c and Kinetic

apifloBEsitRE2s apdBfeEP Oao rckb’w@r@g{m@barmapsr HFa@ng fluergdes or
okifiiotiged BEsabiel N ¥, @/fo qRNYVENY | Hesi Edlﬁlﬂge!5§0\fvr3@)@ degrees C;

accessing the frée'volunme regions in mer system

apd i €laosén cpraiabsisi Wc@ﬁrgmhhyn@themfwlt an nieriane. An
egﬁﬁﬁglﬁlgﬂff refdoééigltygtqg%aéul*&hlc' a4+ \)gﬂe xgﬁtéﬁﬁ%\w% fdsid Slich as

mer system because conventi ona ers are
Aptoeslysiad-11§. AdidSg é\r3& iRarolitd € 2521 aneethe dikere Hs$ . draientat, €00,220
I Ly [ [
CRHAR hAESEhE [ of FBA, P S mBAFed L TedBlch! Mliers.
U. S.citatpolr 444 1 §6p deyeribes ssabubyenenditerisatidn ysingM-15 with methyl

| ecul ar i ght nol ecul es (liquids and solids) known
tggwg?ﬁgf?%%@¥%5'or pl astici zing agents and with nacro,
M cr0.rrateanb8ra/3e 2 pdestiilsas @bbstylehe dliserizatioar using sulfonic
caonposi tion  ( ani c).to.th t of th ol-yner
=63 TBS et SBR mRIRE TGS il SO o8 isqgtauBi s ot 2
sélﬁdtnhtp éd}%n&irﬂgpmﬁgﬁeoéucﬂommeuls_ m’fp@rtazt by oee t@rehieee high
us I nproving, t rocessahility. a .
diatizpbeh SPIEsITRG y 5P SHCgRn T cUrtET (BN siserizplipn feactor hes
bSemsuabésted] b ah . SMPLEhthave0,Rpadinidrenak| watbeesacts in the
conposed of fibrous or particulate solids, have been
conbi ned with polyners to enhance phyS|caI properties
such as dinensional stabilify, inpact resistance,
tensile and conpressive strengths, and therna
stability. Unfortunately, where plasticizers are too
small to reinforce polyner chains, traditional fillers
are too large to reinforce individual polyner chains
and segments. Fillers are traditionally utilized to
nacroscoplcally relnforce Iarge aSSOCIated or nearby
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silicon-oxygen bonds. The exterior of a nanostructure
is covered by both reactive and nonreactive organic

wouammouonsal ities (R), which ensure conpati bil i PgTAS2006/033056

tailorability of the nanostructure with organic
diRRkYARINS reddi®s avithn tsadubieneptopierrh | EBA0fSeretadd iLL8d Patent

nanostruct ured POSS chem cal.s a di scuss
6,500 Ry BES susgpSia oy Sednebioine s rfedry
Abbenhyiitem g@ﬁéh E@éul’és] frorlnp’éhé04adoﬁ$h3¢1m)fI @Efef&B tthdhimlenzatlon
i ncor por ate erein by referenc n| i
rePiops (6 (rereienieI s do DB EBN RIS Crg eyt Ly catbist
b&?gﬁﬁg Qﬁ”ﬂ?e ﬁfcﬁl MsdrW i apsrt hetd A8 Real tdndedichrifort incdnfddiled
'y dispersible into polyners c‘?d sol vent s;

rt@@wabdtm@’;z@épm @chqﬁﬁé?éﬁﬁhef%o@qf@tcaﬂ%iﬁrﬁ the fRacean-,
el ectroni c_propesiiRmR0E THEINVERTION! er ance; and
can range in dianeter from0.5 nmto 50 nm Prior art
assdoiasceiance twith fHeepresent] iaentionz arocestyispRoyidsd or the
ol%rnﬂg?ﬁgﬁ’&ﬁ opaﬁ or@fn Q%%@Eb&t&l%n@%%b@sﬁn@@ Bt éQJelectlwty
and segnental notion, tical and
erelhamtngcﬁm@urpirai@empﬂé@r atucfaa%Bédan%{emltB@énO fier is formed as

pgrglotfq éteall n;]SHBEe%Q ﬁU?FnCQ rQéct?rhEéBé?Qe peheiel @lgofrerigation
reha;atatrroead b’tbue— retensidicion ytvfew\@t%(n it nibeg ehoemprzalignf reqciars is

hlgh | evel of heterogeneity in
s%bsﬁ%rglaﬁggv po?'ymers that is akin to oil mxed with
wat er . Ther eBRIEF DERCRIPFIONIGF AHRd2RAYWING

t I .
ol y 1t S Grmknd i fnMbdt  SS Palt R8s n f ap esgecially
pfeferraihaeiisd ofitag invdngom.i buti ons and with

woul & b user ul t PGS RHOEFGRETN bl o ot al 11 zed

nanoywgh nfeisreac@ b siheh ataviiay eanchée padcesst mpte%lnted therein,

(m SCI b| it n%gs sl Iar t%éwq qvarl 0 S%t lth ppropnate
Cb@%ﬂﬁu&ﬁaéjﬁ%@lfbﬁ@%c@bh @k&h@fgepr@émam ngdm&qua]tdrym‘Lor 20

nposi ti ons undler?(% @g *}lzed nan tructgad L
i REidesl Which 8%%?9 IssPaciid Wit | ?,S@gﬁ%gﬁ Yait piained in
rééﬂtd/rn’ﬁf SihUg® iohlive fEsebld tdisd ResBRbERSIve hidration catalyst
onbi nation with other polyners, or in conbination

Suﬁhﬁsﬁﬂdy%%&ﬁﬁscmrt@? RYGPEIMSRCO such as fiber! clay, |

gl asg fekAedtAdam RANERIRhIdiIkedleRESeraa8y, lsﬁﬁbt@lene is fed to
particul ates, and other fillers 1ncluding dianp

reaster, 20THa lingnband MEjeIds fedl JavEaastos 29 paripe cul %myst effective
Héieaqurlw %L“W mﬁﬁt%’é’(@l{ RO RRUNEIRE&r 1HeERaRd bé®PBF sHlid atalyst thus

ésirable p g5|ca properties such as adhesion to
apoidingethe Possibiipotiet elelin ¢oret eantapl theyealalystpe@in the absence

of %/Peﬁ{a Gibfeh n{@une%q:lt”ﬁ' baﬁc%'aﬂ}v)éy rIeQVXI&H e)\%dhh@ loop is
constant, resrstance to a rasi on and fi re, bi ol ogl cal
pomimi Mkbuerenyy an| apueaist stoggm gaswithdrawsi va 8wntdy glooled and
ty plastics. The
BOERESad BRI Blier WlerRereduftRa Y D s er
conbCoatitiomsare mantaivedin icactdr 28 reﬂgcﬁn@cﬁou thedreaction of water

tallized n ru | 0
B SPiTe tok g Wt PSEUTLG 4L A oBo L ERERyorbtolectivy
ebhemdieqimelifas seshafs PBAY hedilabe aindgetend that olefins other then
si | sesqui oxanes, pol yhedra
ol i gonet al | asi | sesqui oxanes, pol yhedral oligoneric
silicates, polyhedral oligonetallosilicates,
pol yoxonetal | ates, netallized full erenes, carboranes,
boranes, and pol ynorphs of earbon; and (2) traditional
anor phous pol yner systens such as acrylics,
car bonat es, epoxies, esters, silicones, polyolefins,
pol yet hers, polyesters, polycarbonates, polyam des,
pol yur et hanes, polyinm des, and pol yners contai ni ng
functional groups, or traditional sem crystalline and
crystalllne polyner systens such ‘as styrenlcs anides,

o oy o oy
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FIG 2 illustrates different regi ons of phase
separated polyner mcrostructure. FIG 3 illustrates a

weangle4BOVS nanostructure [ (RS O 1.5)4(RSi 0 2p8¥uS8)06/033056

FIG 4 illustrates representative structures for POVB
|SBBuﬁ9%hélbéhtﬁeéfbaEtwnlrmhcﬁng Flidurds sfhalefinst swohsliniess iQanolefins

ul tr Iet ISIb| i ght t..rough various ((RSI G
witly )5 gF@ 9%?’@9 d%ﬁ %gm% Ot ai ns
t herTﬂ&fr@Wf@Ebémt@anop@dabtowm dmmnrpaéssémtwﬂyamaierefnm is

i el ds of RS O. 5 8 POWB. FI G
P%%ﬁ?ﬁ&?%‘hf%alcg?f 29fo4ez P(ﬁ’s ¥adiag %h%@ms @H@‘Pﬁ‘&s@ & tSoycle
stexh irien Fddetor81 (5 RANA r%sCl@é@ﬂédxﬁ@d‘erﬁeét%x&h%@} 8 to remove

POVS/ Coat i ng_hr elative to Pb a shi el di,n

heatl rgagtionydhe Areaunt 1o ”P%@fﬁrféﬂ V@M% 218 A gwed iy aravel
Stﬁfﬁbibﬁto% aﬁn‘o@ﬂ@ﬁHé’@e‘sﬁé&“é#@Qmﬁ rof’mnodlfler relative to olefin in
[ (JBuUSi OLs) 4(J ) ]l 10 is a
o Q%W@ﬂ?@t'@w%fqm@ pl ot for par aff| n wax -vs- 70 wt %
( ' B\‘t‘ ﬁ' chassrb@ ﬁ)f__ﬂa@% FhRhREDIHn f%@&"td)l%ra%fd? 10 tRlough reactor 20
ORMULA REPRESENTATI
ammmwwmgt Wethmmés@lgﬂ@fcanrhfeﬂyt%ﬁdﬁ% ghatherly a
i
PYEB[irR R8s IntPEH| Bbiof SPRE LTS femSerl Mt PPy iz ©
re@cigy@Per i ¢ Si | sesqui oxane (POSS), Pol yhedr al
dig [ Pl I
Vet oft st 1o s o8l AR i dolEl Sefoctive
oldraérizaBon ot ttecfead @lafid eThePedarsion @6[@@0‘ be@mrresctar 40 passes
materjals. r t
RabRes T s FRRET PG e st Wlith T oDk, Heat X¥iRiGer
8rb®musresremrrmn@tcgm|cmr§@band a mmtuc( $lreasm Winioh, pasges ivia e 7 to
linear ali t T
By ROP e S ERBM G SRR ABhr{ e epaton
afd empbllysd tesérate mmiwt&si;mkref’mﬂnm;ercmaémam somteh®vghicly can
haI|d Pol ysi | sesqui oxanes may be either honoleptic
l’ecﬂ’ rol eptic. Homol eptic systens contain only one
type of R group while h&Xewrlepti c systens contain
nore than one

RS 1 # f
homofte ptdnc pé‘é’%dg‘?kf“l?ﬂﬁ%e g{q%péu I qﬁf@ %il’@ﬁ‘gr]oﬁ% oA
dﬁﬁicﬁéﬁ&rﬁ@tén@pl tHd sl fesan @thexﬁnbl[e( R$Ie(bléfln stream is
functi Onﬂj.l zed het ro ep

f%%w%gﬁﬂ teﬁgg évat?'iﬂd? BRFCLY pel gt g Figpih. Water
id SRR \)‘{ﬁlhﬁ‘é‘B)to El‘(e%?ﬂ'éam clraUMtRS & lind@ ) i bddIEH9 dich is used to

het er of uncti onal i zed het erol eptic conpositi ons@[a((‘
rersYR RSEbiof . I§PRYNL )1 ]rsact%rZOhetTé}eof%mmrﬁWﬁ%u'Fz 572 is
it Eel %Pta?&ut%@' RRpédd ONGerldhalff te eréﬁlx?esa&%(ﬂ @ dsgrbbec,
same as defined above and X i ncl u es but is not
prefaiabbdbQ-8 depiees Ghare erecighy uggful. Br | 1, al koxi de (OR),

?gggy;%ggswﬁc% %?ftl%?é)b QSm%%gkor}f%lGr& o$ E‘@epé’t added water to
Tt pioduct ekesrpiacs and Hienreastor @fﬂs@@t whish isHae qr%}l@@@ase
egg%\’wt?ﬁ)‘?frgé %Pg@#e‘?@'a F%he TBL A |§ cgﬁlbm \Mttpé‘?@&/cle stream

metasmc |ngtranS| 1 ON,
in fime Baamdithe mbmedﬂetrﬁamalrassmra bae Oi toudimerizationgreagior 10.

i o/ Bmgltatky rphior g i fefs, Myl pyn' 15 ol agesi

catatyssyauinditioh i acies d Atiscladeretrasctias temp et @peutaddt 100

e RS BETSELSIgR ulEhal p il Sloence

fashion to nalntaln proper oxidation state or in a
dative fashion to maintain coordinati on sphere

el ectronics of the netal atgm For exanple transition
nmetal s containing s,p,d orbitals generally prefer

el ectron counts of eighteen at the nmetal center

wher eas actini de and | ant hani des can exceed this rule
due to the presence of f orbitals. Typical L groups

i ncl ude sol vent nol ecul es such as tetrahydrof uran,
pyri di ne, wat er, or alkoxides an1des OX|des and

— o ' o e - Y
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nanosi zes, and inconpatibilities and disparities
bet ween the R groups on the POMS and the pol yner the
woppE40f37f unctionality present in the specifi eCpaiSyiwmen33056
system Metallized nanostructured chem cals, such as
oftthe ml M rmteauxgteercaﬁ zj'ol tg et gws@rblutweria iQ Unicgh éblec&ivé)f/. Effluent
avai |l abl e as hoth solids and oils S or m
o PRI 18 S AVIA0, Wit By PRTEn (gseiatac ForBalt 50T EapPk to

reRiR 19NGh ifss 4 aRObRaY ret emb@ntsaérhg:fed;be@reder@mnpl e
POVE with rigid structure or rig R groups w

genelhg W'Wﬂjéﬂab@r | ghows ithe sggqamdgow%@f IYaE?'fl%PQ'InFSi i the
5 re%%ﬁo@@"sf@?ﬁ’uﬁwep%@s %e‘iﬁg?"g‘(\ﬁén' ih SRLMEN Fer HARROHE S vansus
mol t en "pol yners thus sol ving the | ong-standing
CMBYREE$.on probl em associated with traditional
particulate fillers. Morgawtk, | because POSS and POVS
di ssolve in plastics at the nol ecul ar |evel, the
forces (Le free energy) fron1so|va%h;gég%égg are
uff| ient to prevent the cages fr ng and
f P eﬁg m cron é%?%g agg1onegate3 dorfai ns s occu?s
nutahe t radi ti onal and ot her organofunctionalized
'ﬁ$mw%ﬁs Aggl orreration BP pafticul ate fil%éts hd3'8Ren®
ey hbl em that has traditionally plagued conpounders
tancbud-glers. Table 1 lists the size range of POSS ,
theteret | ve to pol ymer di mensiofs and fR¥ler'$§f zes!>89Hg 4
St ng PCSS is roughly equivalent to thalg@f M3stie 636
mmtwm%km& mensions, thus at a nol ecul ar l=¢el POBB2eant.
@ﬁefréfmeihvlehryenasl ter the notion of pol ynmer c4faf ns SRpISE4G 1.5
§§'6r i npacts physical properties. Taf¢®1, 3176238 08
ﬂém oshep& and | ength scal e of PGCSS, polyner
Waterensi ons, and fillers._The physi cakosize of POSS and__
.~ POVBis critical to it HBi1i'®y of POSS to*¥ontr ol 101
10 chain nmotion. This is particularly apparent when PCSS
is grafted onto a polynmer chain. See U S. Pat. Nos.
5,412,053; 5,484,867, Szp/rpe2; and 5,047,492, al
i ncor porated by reference. Wien POSS nanostructures .
are Inntis poe innplacer 9hahe risgh tvsly debutyteneetfagddused in

E(}‘(Qr"ﬁger ?Ftéﬁsé) ?b@ﬂdfe% _elié‘té mgéwgcr%ﬂﬁérﬁgst fe aﬁé?ﬁ%eratures in

15  remstorel & and 80iate teasetierasdol Epsamwiaﬂdﬁ@@s‘he aaie Aetalyity gre

eﬁ?ﬁ%&baQ&guﬂ#ﬁg5hﬁbE¥e9N¥HrﬁﬁFﬂgh ngglﬁurface

esent” i nven nstrates t hat
addi ti onal property enhancenents can be realized by
the incorporation of netallized nanostructured
chemicals into plastics. This greatly sinplifies the
prior art processes and affords a greater degree of
property control as a direct result of the
i ncorporation of netal atons into the resulting
material. Furthernore, because netallized
nanostructured chem cal s possess spherical shapes (per
single crystal X-ray diffraction studies) |ike
nol ecul ar spheres, and because they dissolve, they are
al so effective at reducing the viscosity of polymer
systens. This benefit is simlar to what is produced
t hrough the incorporation of plasticizers into
pol yners, yet with the added benefits of reinforcenent
of the individual polymnmer chains due to the nanoscopic
nature of theentity. Thus, ease of processability and
rei nforcenent effects are obtainable through the use
of POVE where prior art would have required the use of
both POSS and netal fillersgq Furthernore, cost and
wei ght advantages are realized as netal fillers are
nore dense than POVS and in many cases the properties
of the atom are desired rather than any i nherent
property of the netallic particle. EXAMPLES Genera
Process Vari abl es Applicable To All Processes As is
typlcal wi th chem cal processes there are a nunber of

' I e o . Y T T | "
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whi ch allows for inproved hydrophobicity and
weat herability of PC. O special inportance to

woabyoasidonat e has been the incorporation of PeVEUS2006/033056

contai ning netals such as Cerium which provide for W

stabilization. Dependi npgaBy®N t he wavel ength desired

to be absorbed the incorporation of netal atons into

POVE can be highly effective. For exanplethe

tHEQEROr ati on GeHffr i UM andy titgni um atoss into the z

.enmrtmr of POVS can protect | ymers™ agai hist U\ nduc?eﬂd
&P% cl eavage and di s¢pt OI‘%?ZI on (Fi gure®! gl €72,

&\ﬂeﬁ gl

Ien

POVS into The@m’)spl @S;tl cs Gadoli ) 243
:(HEhﬁld@ 5) 4( PhSi O2) 3Gd] S89.9 [ (i BuSi O . 18 24 06
®b4 1eBuSi O2) 3Gd] 8 and gg’r‘ ontOVS [ (PhSi q@l o .

P]es%oe)ss]ss [ (i BYSi O 5° 5) 4(i Bysi O 3B]s;§2were48
@am&acﬂnded into hot nelt waxes usi'ng extrusi orea@nd 057
@'p '@epot | ow shear bl endi ng techni ques585The 78 1955

?}ZTE 1 ity as evidenced by visual sol gbilization ,

ggasut thts,o range from 0.1 through 80 w4 i ntxe hot 18
Wars Simlar |evels of conpatibility vver’é680bse€‘r3ﬁed 1.56
JF&rebAYPOVS and ot her pol yners.,,Coggat i §79 i tyg®f g™
nanoscopi c entity w thigoe ﬂ)@byrrer I'S crgdzical 4039 101.3
achi eving property enhancenents and reliable

di spersion. For POVS the co ibility is controlled
t hr olitgh re3f@ioR WW”@@WM@Y%SIWS ckyand 13k ate, ganeyplly

kﬁ(&Wr‘r‘tlh g%ﬂ&él AR SR oRRYARA #d?&l(ﬁ‘\%élys@fana headitions

€ m XIng process. summari zes
cmhewmoyadeﬂ ieeeh atan. Sytieblerasnditions inghide teawerdtyrgyibrepdly
wﬂh%hi\lﬁggo“y@fl 0 g@%b%@ ﬁég &% Eﬂeé%%@éﬂﬁ i (:):EPB¥§F%E§ COdhl ¥ Gse
oDpieSOVER LD {BAGKERDURB ligRidTHEseNVERTaNe FaEvE T psig,
'pajgoléw O\l The present invention relates to a
0Cess " the selective oligonerization of olefins
suchKeswh satalitsyd eare be aiséd fon eashrsitsp; tinefedibiy thensrme catalyst

| t nh L. i f,i B

5" <G esshipr 0 LR ofFF 1)-81 At 3 D0iozBl ARkafkD the

usd ef emlfhoriima(_:ldﬁylﬂ)é iogr exchafige resthsi such arseAmbedthsﬂeﬂ)&rMé A-
he ri zation g .safe and co i ent

el Rt Pt aht i i Bufed SFRRNER, of oo

IDEtS oAthg}tlugé/\l @g*éTHKSSEQRl?lng{E?_US Qine pseaﬁ@n’mol such as TBA as

mer.i za

SERET o CLRIATE, Ul B selstu; A cpaRotfdioR wiyen
nitfere Sepananely fofmédenidréby e ﬁiéwfcebﬁdvatér D% ollgomerlza-

3, 760, 026, nunber of, catﬂ sts are ké]bwg for

tiPR AR3G I rANHRE RECRAYPEBYIRE BR n?% asspeiaie SBRYEN Q'SE{@PHOH

opm&h@ambg Wbugﬁcbdt'tﬁéi/réédﬂéﬁ A SIRID. MBS this AR, &6k Wydration
:acti vat ed nat ur al cI a

reqstary 8D H’g G OBAIRIh D Bk Hhass 5570 RRSSHIY O ﬁﬁ@@ﬁﬁ%\t@s to
ditHérYa8sn tr@é&@r of id é@é’énﬁélw WwaRRéreer |t %@ hb&tart f¥ature that

supp ort ed on carriers such as activated car bon
wWelRne esseatally exdnasairen feagton i theeirash iqpiogedyrgs ifanased

irs e loridt aH. qr?thé“@t%@réﬁ(gpbﬁ/ﬁﬁ%' I%rﬁlb?\hre%to?'zlo' 155tk Légi]é&uscand

aC|d on silica hosophonol ybdi ¢ aci d,

omncammmredpm aﬁt@/fh%@ﬁélﬁ‘@rmdh@é@@toﬂ-ﬁ' inferéace between
r gdes T

t@ lé)?#]éﬁgsang aﬁ&fé(édsbgﬁ 38’85 dtggrrgggm% str fed tfetw¥¥nh the

pbasess @gesamorsmhara@donutr@uhh yihaidt therorgaic mﬂ;e containing both

nitronet hane.. An especially preferred catalyst is a

sul fonic acid-type ion exchange resin such as

Anberlyst A-15, A-35, A-36,5Purolite CT275, and the

like. U S Patent 4,100,220 is illustrative and

teaches use of TBA, water, or mXxtures as reaction

nodi fiers. U 'S. Patent 4,447,668 descri bes isobutyl ene

di meri zation using A-15 with nethyl t-butyl ether as

solvent. U S Patent 5,877,372 describes isobutyl ene

dlnerlzatlon u3|ng sulfonlc aC|d re3|n catalyst TBA

o Y

o e o



10

reactor 20 via line 1 and water is fed to reactor 20
via line 3. In nost effective operation, sufficient

woabevo4iis7added to cover the entire bed of sol PdT/US2006/033056

catal yst thus avoiding the possibility that olefin
ofeﬂilw ghcoBtifiet ist Sepratedl ws lind @dand séftetoahs eimermeitnona’reétctor

Joi cPdtion| a5 o iR aBySar Rl c e B fsagtion

e‘kbﬂh@ﬂﬁ AWlowi fatks Nandt, tefpekfdrednth rebotonego t ard hegulated in
reactor in order to renpve reacti.on heat

agPP ARGV AR SHORR ANOKIeesho Braclices R?eoerF’etsH&'C'e"? modifier

il @RCEHEUM & 1iMeefor Wukdbseb &F idiméreaitivh avHilenRitheishimd e the
formati on of an al cohol dinerization selec i Vit

SERAANT EFRPHBMN Waler Tregcike- £entpiniNg legs fian about | ur\mefv aHsd

t hat VQh&Jé O ePkRSNn UHRELSAbM SRS BADEMPRIEH @lch as the
inclu |ngun1xtures of olefins such linear C4 ol efins

ugp ohdiuspiuas feseeibed i Yot Matend S&/di31%r conposition. -
The !i(HddL{t?tQﬁduﬁg%é’tbFé 8O Brd:%ﬁt Ry ERRM 1¥hhe Mavioldance of the
essenti a er-free I's passed fromreactor 20 to
inteaggicien qfONa/tneamw e gligamarigatian iesulfigrirkeychisefer and uniform
f {or 10 which has been cool ed
S%%%?*{n\% Og%tﬁﬁnrgfgrﬂg? ér%afri{;ermve heat of reaction. The
amount of nndlfler fed vialine 2 is maintained at a
| evel sufficient to provide the desired amount of
nodi fier relative to olefin in oligonerization reactor
10. It is possible to pass the entire olefin feed to
reactor 10 through reactor 20 as indicated in the
drawi ng or the feed olefin can be divided so that only
a portion passes through reactor 20 in order to | essen
the necessary size of reactor 20. In reactor 10,
conditions are controlled to effect the desired
sel ective oligonerization of the feed olefin. The
reaction effluent fromreactor 10 passes via line 7
and is divided into a recycle streamwhich is cool ed
i n heat exchanger 8 before returning to reactor 10 and
a product stream which passes via line 7 to dimer
recovery (not shown). Conventional recovery neans such
as distillation are enployed to separate product diner
fromother materials sone of which can be recycl ed.
EXAMPLE | A high purity isobutylene feed such as that
resulting from TBA dehydration is enpl oyed as the
olefin feed in this exanple. The olefin streamis fed
vialine 1 to reactor 20 which is packed with A-1 5
i on exchange resin. Water is added via line 3 to the
streamcirculating via line 4 to cooler 9 which is
used to renove heat of reaction in reactor 20. The
tenperature in reactor 20 is nmai ntai ned at about 60
degrees C, generally, tenperatures of 40-100 degrees
C, preferably 60-8 degrees C are especially useful. In
reactor 20, essentially conplete conversion of the net
added water to TBA product takes place and the
reaction effluent which is the organic phase
essentially free of water passes via line 2 and is
conbined with a recycle streamin line 5 and the
conbi ned streans pass via line 6 to dinerization
reactor 10. The oligomnerization reactor 10 is |ikew se
packed with A-15 sulfonic acid resin catalyst;
conditions in reactor 10 include a reaction
tenperature of about 80-100 degrees C. In reactor 10
the isobutylene is selectivegly dinerized in the
presenceof the TBA forned in reactor 20 to form
di i sobutylene in high selectivity. Effluent from
reactor 10 is divided with a portion circul ated
t hrough cooler 8 back to reactor 10 via lines 5 and 6
and net effluent being recovered via line 7. The
follomnng Table I shoms t he strean1f|oms at varlous

. T oy o e I Y O -
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15

20

n-butane 17.2 17.2 51.6 68.8 17.2 | sobutyl ene 38. 65
34.9 40.05 53.4 13.35 butene-1 25.4 25.4 72.9 97.2

wa40@/0k4B87but anediol 0.9 0.9 1.8 2.4 0.6 ci s-brCBAS2M6/033056

6.25 6.25 18 24 6 trans-butene-2 9.2 9.2 26.1 34.8 8.7
We dgihanol 0 5 50 5.4 7.2 1.8 sec- butanol 1 71 2.28

0.57 D |sobut ne 58. e

D 2 o hh P Ing Seelie Macp AN Y g TR, fio tiRer
lnetHUEIbréseﬁcé of 4.5Blettilifie eRhdndh®y Gndtifick, Bt Treprcﬂﬂmen&whlch

é 0. 06 0..08,0. O%*Mﬁter 1?5%85 0.0_0 100f101 .3 in: and

CoipRrees, BEParing {he Momiier ia £ firs Teaclion bY SFCBfA"L Qg
WBRRCt Sdpardigane 2proauet aRBETa! | SubkEevally |1’fbege<bferwéter and

known ol i gomeri zation and_hydration cat S
okganerrianshaletrul the PEsRsnes bR S@B%rﬁt%’tréﬁ‘?'f'é’ t%?gch"e'y form
tHeomnfheti ons i nclude tenperatures broadly in the range

of 0 to 200 degrees Cl preferably 10 to 100 d %Eees

and 2hén (& Presessr &ys e Selgptive colisemarigatipn fals %‘W@“e to
dﬂlédﬂ)ﬁgﬂer@‘aﬁe’thé | blesbrcd 1 yrely @Q@&ﬁlt?oeﬁﬁérgxnge t@lodlﬁer the

Known catal ysts can be used for each
lr@m@pemgmew 'pamowmﬁ@s seararipgtthg yaid mgd'ugw 2 firgdgeactign by
réz%?:ﬁ %‘Bbiy@?xesén‘a%teps fa’%§'fﬂe 5’003@8 rﬁ&ﬁﬂérssubstantlally free

111 tratlve The use o onic acid type ion
obweie gadr elidomerizingh isebuinignsr iy dbe Apresence: 9f said sgparated

d the like is especially
ﬁ?g%tpigdgiiggggﬁﬁpﬁﬁgégdrgppresent invention is the
use &f Takoopasiss ofiClaime Wi ekssaiemedifier (st }BAnhanci ng

nodi sel e [ t

wni i fiodt rrpSss gl KRRy SBR[ RButvene to
dimabsigihere ¢f thegiresenica of laemrxturg ofreelectivity |eoham@rag: rodifigrsd the

By AR WA S BAE eSO At A oaspon o
reotin@\eohybirdcarbon hhixtsres nohtainireg nwcbdam ohafmseamﬂwowa@@ td> gorm

rated su h that th am passin romreactor 20
B erPRign Dbattit BEOTPS. SULRANTAN JFiarty e, and
oligorh&riy ihennixeaidt, defmisun ¢hd palsened eff sdic azdhelstto aklegtively

excl uded &Jon1reactor 10 in contrast to procedures
farJiseBUY¥Nehe prior art. In the operation of the

hydr gt impg d;rr@@&tscuf Ganbotthargnepsgionitadd ganexchzngs essin is
are formed and there exists in the reactor an

uped BYhoiR £easlPheen t he organi ¢ and aqueous phases with
the nodifier distributed between the phases. Qperation
is carried out such that the organic phase containing
bot hol efin and nodifier is separated via line 2 and
sent to the dinerization reactor while the aqueous
phase is circul ated through cooler 9 to renove
reaction exotherm Flow rates and tenperatures in
reactor 20 are regulated in accordance with
conventional engineering practices to provide
sufficient nodifier in the streamin line 2 for

pur poses of dinerization while at the sane tinme the
streamis essentially water free, i.e. containing | ess
than about 1 wt.% water. Various other known

di meri zation features can be enployed such as the use
of diluents as described in U S Patent 5,877,372. An
outstanding feature of the present invention is the
avoi dance of the introduction of water into the

ol i gonerization resulting in nmuch safer and uniform
sel ective production of dinmer product.We claim 1. In
a process for the selective oligonerization of an
olefin to the dinner in theypresence of a selectivity
enhancing nodifier, the inprovenent which conprises
preparing the nodifier in a first reaction by reacting
an olefin and water, separating the product nodifier
substantially free of water and oligonerizing olefin
in the presence of said separated nodifier to
selectlvely forn1the dlner 2. In a process for the

. - . - o



