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But ane Renoval in C4 Upgradi ng Processes Rel at ed

Applications This application clains priority based
wapeT/1018s Provi si onal Patent Application No. PCT/US2006/032452

60/ 604, 277 fil ed August 25, 2004. Background of the

I nvention The present iny@figon relates to the

processing of a C3 to C5 hydrocarbon cut froma

cracki ng process such as '
APBERARYS 5P MiptHED Jekving
propyleEL e NN @3eA ﬁ&mﬁ%Q%hé Bp hesis and fo?

t he doubl e bond isoneri | et al

i sonerization of(apgﬁﬁﬁ@&#ﬁ%&ﬁgﬁﬁg§gutenes and

pent enes. Doubl e bond i sonerization is a process where
t hehp asbitioarvasfsupposed duivhele boindaitrbyeCanlagton. A 4D16-02-C-

shifted thou af f tru r
0035 el U5 par Selrtpadiend eSSty HarleaEpas sera,
ngﬁnﬁﬁﬁdgﬁﬁUma ntxture of 1-butene and 2-butene is
i somerized to produce a streamof high purity
1-butene. This process ng ! Ily occurs over a basic
net al oxi de catal yst. k&'l i sonerization Is a
process where the structure of the nolecule is changed
Vi ahe embmmgmsramlosn‘d hRregrelapso thEHisideofisglab enchgysdoayassian
i sonmeri.zation n 0
S S T R S S A
conA@tibmbsiftiiamoshle cohetl ﬂfti:mresanduahsg maeral asl ahipknar.
catal ysts. Both doubl e bond and skel etal isonerization
catal ysts are sensit| iéh d%ﬁ$ﬁane poi sons t hat
i mpact netathesis cata ys ese isomerization
processes are also directed at the upgrading of olefin
st NeansazrgticsHe theatual of eptisalintersetiong av 1&%. TRA(SF Strushirgsh into
uni ig%wavel’len X f01r GabE ?12%? SinfndbdsY %BO{CQIE ophi& Ha@@ﬁ&dlé?&s
%ﬁ SONer| |on reactions are equilibriumlimted

appﬁﬁuiloh.hm&ptlm{ l;ElchImIO@ﬂS ssdpamnwlmhpgmwhy,rlegiyéﬁrelw pbtisplgista

h
o3 BRI IN D SRR RGELR S I B
modlifit2jo S\hth&[lblwa&l@gﬁhhatanahreshlﬁtfondubdl linepr pedroondingay

spegt;%grtgalé/% lc?gﬂcgg rﬁfﬁo}lé—osﬁ% s%ﬁc‘::turﬁ 3 annt %thprgte%?lgth guantum

convthéhitagiecl € and thus limt the processing of the
oIeflns |n the feed stream Metathesis is al so a neans

C4A ol efin,.str
ol SRR it e o PR (B SFPRAS LR ORE | |
phdlovolaiC) ardrs heut @do‘l/ar Migerinkip Alll sxiargpolat detip ateilem thoh 10006

olefins . to du WO e £ t hat f
oGk E ST T Lo | 691t el Pl o
usaBILBIME AM frbseft 1h&‘ﬂp%£l€ tHaQ hfg(hrelﬁﬂidi&my polanyllecede adliewd only in

technoloq has been ext§n3|ve descr

p-n jprciion PRYTRVOIRIG P Mhp s i) ayFragesiRAd e AR ﬁﬁc,srrr%&?f%rrf agput

10 L Bgos, dn@ Gkaaled %h'a%/r@ée\/&AE Reatese1 b, | rédetRBITr Ak nﬁﬁltljunctlon
conponents as at |east one of the olefin f Edsto

conppriTatDys. felficiensier ashigh oabewl I kayp Pegnepcrsdy LB¢se ﬁ%ﬁ%ased on
cry'stgfﬂn%J ?énﬁgo&l%thrsn@ﬁﬁﬂ Llrekﬁﬁe%@ﬁ§ P(ﬁ%ah@é?@ biyetaBie si#osh @451)

ara I'ncludin normal and i sobut ane. g e
PVrtm’ﬂeolhg)g bt onim sa*bmmateed cavis@ne 5% highenhasthai i dhip Siyg foris,
butathc§ ?os?‘fo? ilsRfikdged hlﬁil 'aorﬁ]?a%cf t‘o%mbfe@ﬁb%tefﬁescsu@ﬁ A8 68 TR\e
I'n mnor anou C5 components. I n sone
froneaumrbiws silicant (@+Sjs tingpensisied’V telﬂe based gn apn-FRYHAMIAE zat i on
catalyst in conbination wth the netathesis catalyst
to isonerize the 1-butene to 2- butene and thus all ow
it to react with ethylene. Conmonly assigned U S.
Patent No. 6,727,396 discloses an autonetat hesis
process in which a &4 cut froma steam or other
cracking process is used to produce ethyl ene and
hexene. I n autonetathesis, the netathesis reaction
occurs w thout the use of ethylene. The mxed C4
streanrcontarnrng olefrns |s converted to a feed of
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process, a nunber of different processes have been
used to prepare the netathesis feed stream |In sone

woaeEs201d5sC4 feed streamis hydrogenated to red#dTaSkw6/032452

content of dienes and/or acetylenics to | ow | evels,

semiPSRALSE rhieHE FARWHd RAAEGAHIR abcup 1 TV COKE: (batnhidmpzeliunide)
oth the isonerization and netathgs;; %ft%L%St an
about heYoptngr @S feppperdedivm displeide) abapt 19gmsYee Ky MO g™ fr-

Zweﬁ)ref‘,i Ghd HY. 9?1191\,”.‘% bRt Y8I19éridtalGAd RlnySiin BY €dcBndlodi@stor | f
sel’'ective hydrogenation’ is used, there can be eith

i er .
achievieg wid-tewometkaesmpgapari mgdlpt n3 ShEESTOSHY P Lgie i egjplists
Conf?peglcpbrgi@' 't}f@&?i&ﬁe%&qa CREPRRERL JanMeN7 088! ecti ve
ydrogenati1 on process Is enployed, sonme of the

unsat urated C4 conpounds ingcl udin ,butadie%ﬁ aqg I

buTbnBidamenta phivsisg epkindlpv Slifigncnob EARFASYe gilis dndgetly
relatb@ IR di\fﬁcﬁlltg YL Qe RatH RN us i hEh§IRbtoh AbdoRRichead ciedi g

non-reacti ve under netathesi S conditions. The&ﬁqjlute
collgckien effiaichéiesn Trisxesplte framdhe sipnttancpis ré%“@?ﬁ‘@mts ot léht t he
incicgeslrrllggng%%)tlé‘r%gll By e é‘igétggls afPh A 1%&%@??%%6@&4@%@@% {8ASight

"'eni cs can renoved by exfraction. In nang
withcths pisytovohteic eerhisorsiopter metsiielu dhattis thedihetpaolgic petsepl must be

. di enes_or acet vyl enj. I [ f : 1J Qlble fi3e
thick %r}%lgﬁ 1oy Schrlg g‘h‘?&iiﬁﬁ%‘gg&e ht: a{ e@’hg%n b%ﬁglé.ﬁ?rogggl SO
liberaedRYUade tariars Sddogrons and hioleg)rto gensessfudls migiiate to therdersi (fg and

upon .t he progcessi ng sequence and the netathesis
bo“ﬂﬁbﬁﬂ@ﬁ@“%%?fred, in addition to saturation of the

but adi ene and ot her highly unsaturated conpounds, in a

s e Faribkrsbregr ofSi-hysid oojercetls, 6, stajlired pisienss is DieHy prout

Allowed to.occour. a - i - dr SRR ind &
Y e
the SiatBlarWidnsld effextdSWER.dDoE. Staebier eamd GIRy Wronsi, SRevdrgble on

ol.um. For .sone types, of ., net at | S e 3
confi G easts if CRate RS GRS S APPC PR TEE s 1 207 204
(1917 PR&QRIngtRs thickesh snd eoinpiting elresuifacecffilmaotiedlY dayet cant .

For autonetathesis to _produce pr | ene.. [
imppeSTHEIRG) SIE BBt RSB G PaRe Ty L P paduthond the
swﬁlt&eﬁwaﬁlamiaq)@itﬁe bead uﬁ%@ftha é@hﬁi&d@&c’em{gyktggeigagﬁ | i near

al pha olefins as in U S t ent . 1. 0. ,
Semi@g%ﬂ“&fﬁ:é‘ﬁ% PR d&S%rﬁﬁfv Jg'e P%“ﬁ“&l\g\'; qlsé’{fgel' pe "\?\H%%“emal
proGIBRMENUIT ARy sTHRRRS % th rétfeeh dramaicalliibe diffusioy leith of

via the reaction of C4 olefins with ethylene, it is
the densrateshslagrieit not necessary to renove isobutyl ene

since it has a lowreactivity in mxtures where there

I S 19 8% 688t e fiREsolaf BEllsaisR @piicaheotesiias hbvelzadsnajor
_of rennving,isobutylene,_includigg bg t he ﬁéfdgﬁ{ionw
diffgsltior BRacheviag {argmaspledpetal ig prno SRS RS AL 1087 WSt Goo R B
wall&GARBh AfH6tubes (MWGN‘@? Wer 16ttt & RN ptica] hteindethat
| sobutyl ene and isobutane. 1sobutyl ene and i sobutane
receiveard tpnsmit Bigihllight Beidgpt ua%thﬁ@na%%ﬁ NEURSITHEWIGS Wigehown to
iz ﬂr?e'{ﬁ?] | kdtibh.Y s L AdHe fabfricated
be ]l}léglgut y éJr}gﬁ%ﬁyaﬁ gl:i%%éll i (g}g{)ﬁ%ntégg{ll %ﬁg%ﬁon IS required
at lbw cest @ Wrdesedloen mhs cprdugiiye oF sericenagliversupsigtes by the well-
LLsobut ylene . i ] itHout usin
este TR Rlis G bR SRl A6 ARG AN PECTT phitkd itut using
expndivd andeimercopsitnzing statarvd-therart t©Shnologisesnelsas elastrephgam
..cases . hydroi s ri zat . ' j occur
S st S C ey b b ey R e P, b Ot 2
within the fractionation tower (catalytic
distillation), or as a con?%nation of the two.
Fractionation will renove e i sobutane but not the
normal butane. Thus while the total paraffin content
of the C4 streamis reduced, significant quantities of
paraffins (normal butane) remain. |sobutylene can al so
be renoved fromthe C4 streamreactively. However in
these cases, only isobutylene is renoved and both the
iso and normal butanes remain in the C4 feed to
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renoved sinul taneously with the isobutylene. In
addition in all the C4 streans, there are trace

woxyganeiosnt ai ni ng products including DVE, nethanmis2006/032452

TBA, etc and trace sul fur conponent such as ethyl
expéf‘ﬂe%?a@ﬁﬁﬂoacﬁ&3§ fhidMiid. ThEs, e QthebinSHNGEQEAte BSHcdPdass
prior to netathesis to avoi d cat al yst poi soni ng. Sone
of veyy effieianbansdpysas solan ellher manent |y deactivate either
the isonerization or the nmetathesis catalyst. In a
net at hesi s process, adsgMdMARYguard beds are used to
reane t hese poisons to very | ow | evel s to i nprove the

ess activ ition.to the
Srerrnnits ettt Be it co bbb tukeReaE Pondf cElenges
is dlﬁ’d‘lésre@ hédRNahie 361Betslisgidtines may b cdaziahst coplandrher , ot her
oxygen conpounds such as glycols and sul fur conpounds

such a ol al hoxi des. wi | | aitly
doacerizes HRESliSpahsr BRI BN » PR R OB
appadS{dD 32&0&%&0% &t cﬁﬁl@ﬁmﬁg p pm@&sssoﬂ‘rmnosroale pemétmlg;trobterfeis ns

in whjch a ffln/o n arat i oyed
N R A A
secdhQGWORREl BhaRses this type of separation to reduce
the volune of feedstock passing through an ol efin
oty b RS D (CRDE M) i st e

plur@ht?folf Agnoddake dwadielkadctings Ea&hr@bﬁibﬁ:ﬁﬁgin e:lh:zmmallp capiyttergeore

and et hyl eng .usin eoliti
contiapesusB i Bretangsered Vit B s FedShnegE e
renoval step because isobutylene is a val uable
f eeﬁdﬁtnﬂﬁig td agpetthdlugraadrseiditisecd issxad'ldeklearselancell comprising a

Furt cess discl osed i .
plurglo oS o P B e St ol s PP TE e
betv\rléi:ﬂz Ooglﬂégc flsvgglé:hldly@ﬁfilﬁﬁn@ YayPrGing amSconHJeBctrlE‘&lbfl donduc'tmgr la]I?rbr

cl oses a process r efins

whergin RERLERes s SoAP or i BroLen e iR RD iR
andq%&ﬂd%&hm@au&lhgﬁdyeﬁ conversi on reactor system

and a fractionator e paraffin/olefin separation i's

roposed here to

P rAaringls emeu I b aEEhe s chete e plegdth fhodor AR A0

soldr Qells"b@nﬁ)ﬁﬁﬁg plféﬁarﬁltg%@lura'lﬁ’ty of ﬂd’rﬁ@cﬁ&ﬁ)lﬁiaﬁﬂnﬁm ¢vating a

i nclud |so uard bed paj,so
plussfigd PropmSirtigs b} LLP BTN OB OURE B Gach Tl OTe.
semt N QG233 GedR n@ \sh4ate bEtki@En ihB 9hﬂﬁftyﬁfﬂf blﬂﬁ@sﬁﬁ‘fﬁd&s and coating
separation unit is advantag eoua@i(gg gp h
the ghaipyqlipistseicordicioniyéh ge SHtghderts Pt clflre& chein a portion
of tgé St él&ﬁicgﬂon@aJr%Ief M8ocdicabbtwedt ihe Plansr sBuiRs &SHrm
whereby a pol ar sol vent conprising heavy nitrogen or
copianprf fiucRsspounds such as NVP (N-met hyl pyrrol i done),
DMF (di et hyl formam de), acetonitrile, furfural,

sul phol ane, pRIEFDESERETAIN CIOTHR BRAWINGS ed wi th the
C4 streamin a fractionating tower. The olefins are

; oo erdriiseoaramats vi e Rt w A E5fo8a e
the TR hB@ARH g8 SwiRfein e gaviedred uRbRaed toBydike atinemi t&bﬁmm

containing the solvent and olefins is the
the SRS AP STPY 1AV MG QPLHHHETHAY 10 THE BF BrpHass Jpene indtead

stripped fromthe heavy solvent. In these systens it
I's unavoi dable that a certain fraction of the sol vent
is carried overhead with the olefins. The presence of
t hese conpounds in the ol ef,insstreamwould result in
t he poi soning of the downstream catal yst systens for
either metathesis or isonerization. The unit includes
at least two distillation colums with the first being
used to separate paraffins and ol efins and the second
bei ng configured as a regeneration colum for
recovering the extractant. In one enbodinment, a third
drstrllatlon colunn |s provrded |n order to separate
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can be costly. In nost cases, the cost of this
separation is not justified. Fractionation involves

woOher7siepias at i on of components that have very cPOTaIS2006/032452

boi ling points, requiring extensive and expensive
beerf deREhilPPRLIQPOR ANBtkfing tHe peRitipRS bf e prbisaitiiyldisalobedn i s
used, solvents are enployed to reduce tower sizes and
embpdijmentsy requi rements. Furthernore, the nost commonly
used extraction solvents contain nitrogen conpounds
t haiG. aneshsivg BiséHemand vieR os @ prirdlioy of oo sle Zodxiad toragtal solar
met at hesi s catal ysts. Typical, .solvents incl.ude NV and
cell pjfsfaf ithel dlquse%nlryQﬂil%@tmwgﬁ%dﬂB 3 GRRAALRY BHTES £ i ci ent
and | ower cost technique for renoving butanes froma
MeFRE. NesSihswh b @66 oStithogale conda solapedlidinitlo$ 1Gad A.
conpatible with the netathesis catal yst systemand its

GctB o S At oBFBRE 28 ma 2 P LRR HRRh egher

view SMD¥nbGallb@isl Srahdnsissicn linetheileardenimraligsticarpop noweds.

under condjtions.that the process uld be ¢ '
FIGA omia eLBHEE vt 1 e g1 el shepp GhdoRleS.
FIG! W S s bR dbie jvRei and fan bl@npire S&mt ofl an atigricd @arbbs ndrotube

provide _an efficient ngigﬁg%égr t he rgnnval.of ut anes
after goating With ¢ Rhplevql@icnater ShOVSHt BRERUEIAFT HE 20Thi s
exeRpRESASW 684h NRNEPAVRAbARMe afleF @lali8S with a photovoltaic material

aut onet at hesi s, or a netathesis process which includes
and gn guighecREBCPIIBHIAl zat i on process, as can be used to

produce ethylene and |inear alpha olefins. It is a

f urEghes sHWs 6 brrkyPo st 4le c@Riabiridsaiigivh laadblilouoowbdligned

met hod for _the renoval of RQutanes fron1eit$$r a doubl e
carigppanqipbes. Ele3étshpvs FuRerics SOPOH SPrIUaSEVet oY P sC20PE)

elec?rofl Wil B&opOBERE! FIG. 3B hole i Cst-QttibioviBw QY b gl namistulel
or the renoval® of butanes froma streamo

coagi@htm@miﬁ_sion Bh?)YiP‘Sﬁ?qﬂ'@’ %ﬂcé‘?f}il_?%el%tft‘i'iﬂ’_n ﬁé?ra?qopﬁslgl\ﬁ'c?ﬂ Shiws an
ene rggtcﬁ duRe R%ay Ff%@ﬂr@s%oﬂg]@bsﬂﬂag{sﬁ@f AR TofPDSESHE e coaxial
action catalysts. One enbodinent is a Erocess for
layqps showdigegneensisliaonaingfpresiicon Srshraning (6Bt shd A HYM c4
r CORRIshH ) BB afetolifkbiRsoell
(A‘L%@I.&t ?‘?ﬁg‘%ﬁwae‘g@ S%Cgfg gtg?”eéa}%h?fgg orm a ?i rgt 1stsr ear% )
witk@eoprcestratg. a first butene and a second stream
conprising a second butene, isonerizing at |east a
ParicOhA LG, $8CARYTGACHIVR: RONKEE bpdtaPOlbitOkhdrbe
second butene to the first butene, and recycling_at
whitebeht westrensofittadronghomenriay efnasascalesparipldraggnistien dnes e EIF-
L0 L ' RS itHOmBk ot
1 bt e Rt LDt AP Lt 8 APleg HERSHUADE o
repte¢ming namstActdakipbtrasgmissiam §pesr FlGrethihans thegurfessronography

ut anes, form at., : j Si ng
of § ey R Ko Do BB R A SRR 2 e
illuafightiap @aeedaebakial texmemissioR Himst EH@.4Q shows Hersudaps depogtanky

i rst butene i.s 2-hut epe d secon WIT
of the iiveie comostor ¢t ik ranre 2 eal GEoPEERY dR e fighe
(FIco4wprl butene (1 butene and/or 2 butene) and the

second butene is isobutylene. In one formof the

i nv i.on, the second b LS nver ol 1St
bt e SBPRABPE e LS e e R Slpd G i of
strdigl® cormensh et anea flsitdomaeixt ed to the first butene by
skel etal isonerization. In one enbodi ment, splitting
takes place in a catalytic distillation colum
containing a selective hydrogenation catal yst in which
a portion of the 1- butene Is converted to 2-butene.
Oten, the C4 feed stream contains poisons, and the
processfurther conprises renoving poisons fromthe C4
feed stream before splitting. Sonetines, the C4 feed
stream conpri ses isobutylene, and the process further
conprises renoving isobutylene fromthe C4 feed stream
before splitting. In certain cases, the C4 feed stream

e oy oy
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In all of the enbodinents for the production of
1-butene froma second butene (isonerization), either

woOher7iieeds st ream or the second stream (before BCcTAKR®E/032452

i somerization) or both are passed through a nenbrane
sY i Al @bwh RrofEeRpbitie viedB dahndatald bbaane Soldrcelrhiiey
system w t hout the introduction of catalast pq@gpns.
multtegred siyetire afidifforentibrndsar sepuigapyqiers arrangedl i paggligglayout.
menbrane system |In sone enbodi nents, the facilitated
t 1 RS Y dhoWE HioaiRrdpsctive Q¥R oFd nahdsbal@todxd sdlar@k hofingCu
and Qg. O'ten, the productiaon rate of thg.finst bufene
mulplepreditrusioreeeiiffeenibardga senpepnghigiors airarecd dRerialdmett nes
40% greater than the production rate using a process
i N Py TdhowPh iffohi feespadiile RO Rinamdstala cenisl gotamnell ofth a
appr oxi mately equivalga& si ze if use mﬁth@gt a
congexBatps edigndineiiioang [pBend AERR PA9ECale A A S8es, utility
consunption is at |east 10% | ower, or preferably at
| exsds. LYok @‘A@fe;}naﬁdﬂ Bifagt bfa hﬁn:okdatey)p;iosrhlmpaqatuis ¢t inoludes an
process in iC roxi pat el y. equi val ent antities
arr o G POy DB BB BT e R AL o o
metSliit @AM Abwh BEarb§iRaIGRNPSSErink Ghdandrtioa thadd dnitieddeddvithin the
transport nmenbrane is included. Another enbodi nent is
meta{lip filp.d@eWR 8F 2 PHIOSEIRPEFR IRSHFSIEN!IN ef i ns, conpri si ng
obtaining a C4 feed stream conprising C4 paraffins and
Céhl F‘M}eﬁ% ﬁﬁ),avsiaﬁﬁﬂebl-dinlf@sibneb Ubrﬁ‘i’gﬁraﬁiﬂﬁi oPa habent, optifesaappilm'gs
the C4 feed streamjn, a tathesis reactor to forma
in ageopdsner with @Sﬁ’fesf"‘i‘t&]éit‘%ﬁ ?‘?‘F{j)d%eé‘%%econd streamto form
one or nore product streans containing ethyl ene,
Pr Qg R showgantamas chuethomidnesxeped SEXD dmagerof theglagorods used
. strean1prinaril¥'coqﬁgin&gg C4 olefins and C4
in theanescpls OPUCSAPHEPY P Ho?Phe recycle streanto the
net at hesis reactor. At |east one of the recycle stream
andr1Ghec Gbwsaathnshissemvptsalpaismechpt fmagegh the ragscile peticed
trans nbrane to renove butanes, form ng at | east
apm%ﬂ98ﬁ8€5£9 ream conpri si ng butanes. Soneti mes,
ethylene is added to the netathesis reactor and the
et IBIGe A flmaiedtss avn¢thodfobubleng a nanckaaleenticed pypatatis.in | n
sone enbodi nent 5. the feed t nmet at hesis reactor is
mmgﬁwwﬁﬁﬂﬁyﬁimﬁﬁ?ﬂﬁSw§ﬂﬁﬁfﬁ%5§gﬁgﬁu stream fromthe
reactor contains ethylene and hexene. In certain
casHs, 1aB#luSbatéseadetbod Damakiog a anescalrodpsichappargii it he
rocess. further . c rj .ng poisons fromthe C4
a“$%% eg?ﬂgﬁﬁ?%% 8¥§g§8$§??PE§EB§%hetines, the C4 feed
stream conpri ses isobutyl ene, and the process further
coniif. $ bshowesmeraphef nsrskantopha lsagth versys tadiation vaweiengthy ¥ am
bef ore . spliftl . . the C4 feed stream
magl d%ﬂ%chg%%gg?G%%2§§££g§ t gﬁ%@s and di enes, and

the process further conprises renoving acetylenics and
di eFiEs 124 omvishdsilia andSEMdmpges fovsdpndbokpiertiqn ¢fg nangseale
facjli t. fﬂﬁpm | ¥ntodinkRh&not ed
Opt\l/ﬁst({‘1 aé%n?ﬁt 1ggajdsetllrl g%z)p&(% bl an%lgl,%g?nh? g&g@% e\)elnrr‘(c)) oldi nment s,
the production rate of the one or nore product streans
i s BIG. [13B showsGeanningsiectipn misrosgepy SEYD images gf B 0aRosedien

ophGpREALLG IGM SR e Using & process in which

appP XI'matel'y equi val ent reaction and fractionation
equi pnent is used without a facilitated transport
menbrane. Sonetines, the process further conprises
isonmerizing the C4 feed streamin an isonerization
reactor upstreamfromthe q?tathesis reactor in order
to increase the quantity of” 1-butene in the C4 feed
stream and fractionating the isonerized C4 feed
streamto forma 1- butene rich C4 feed stream and a
2-butene rich bottons stream The 2- butene rich
bottons stream can be recycled to the isonerization
reactor. The 2-butene rich bottons streamoften is
passed through a facilitated transport nmenbrane to
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hexene production. Sonetines, the hexene streamis
fractionated to forma 1-hexene stream and a m xed 2-

wanad7B32tmexene stream and the nmi xed 2- and 3- heEEMS2006/032452

streamis recycled to the hexene isonerization

S e?lgj. 98 shoARL BRI R HANBA SolhScellin AR PSR bidande GFith the
produci ng a sel ected butene, conprising a butene

presenplyidisclosedesborliigntsd to split a C4 feed streamto form

a first streamconprising a first butene and a second

St FRAAY SRR pekdpotive TRGOTE parHlIeNBpladdt wavegidd. zat i on
reactor configured to isonerize at |east a part of the

second streamin order to. convert at ast a porti.

of Fithd s St PeBReaNE ey QA e Btiplshg Py P el
facilitated transport nenbrane configured to renove
buraneas shévaa Rispeadstvieay @artonparalizd capimaowatsgtide.of t he
C4 feed stream and the second stream The apparatus
of as a production Lt 9 er
S N e S G

i ncl udes substantially the sane splitter and reactor
buFIGd 8fshad 4 peaspechivervaavs pioy nanpssals ceardal splpipteHdipving a p-n

. gnbodinent is an apparatus for the conversion of C4
juncii

. .t
Juncglf)n.
juncift

junémh

P& ins, conprising a netathesis reactor, a plurality
of fractionation towers positioned downstreamfromthe
e Fi6 HOshewy eparsnsetiveorievpelrdipapseale sopdal yelpcelithp g
| east one of an ethylene stream a propyl ene
ream and a hexene stream and at |east one
facilitated transport nenbrane for renoving t anes,

t h&lGeMishewiva pRESNSELYSOEW Ploamoscale £pPIpRAs Splaiied hgyinga p-n
ihst location upstreamfromthe reactor and a second
ocation along the recycle stream In many cases, the
apparatus has a production capacjty at |east 20% .
gr 46 &A1 showina parepeptivsatiew Phmnanassaleicoplapar syAr ogllay'ne gg-1-n
,ch includes substantially the sane netathesis
reactor and plurality of fractionation towers but no
facilitated transport nenbrane. A furth enbodi nent

i s BGpi2ohaysa side visHod aopmseale cplagat 0T § [ ene,
conprising obtaining a C4 feed stream conprising C4
parwghild ths akelidedtiBéEdrbwings Sap Forthtpresgnttyndisclobed embbdihentam
to forma first strea

onprising.a first buytene and a

othsdRdimstls aisNOSABFIERIFg. 3 "SBL R BT EREn TLEABr g
pre&htshlﬁﬁ%ﬁti\@ eRBdbdinRhtsbl Svay D€ RipebsaitdtRamd fotdinitiadion. Mumerous
portion of the second butene to thﬁ@%lgifdbuﬁene,haﬁgn

otherargrifidariensand pebadimeppreandie depecd ydheeissled PPt or Re

witlgiﬁ Cfl%trkg?&taﬁa %ifipoftti?@}tnﬁrghﬂé%t(#f gﬁé} Jﬁés&ﬁly Heredsed BmBodaférdtd. On

u

CcO

east one of stream and the second
streamis passed through a nmenbran o0 renove butanes,
form ng at | east BE@@EB@%%@%QFHI B{‘rpri si ng but anes.
The production rate of the first butene is at |east 20
% gripakdodiniean disoRsdr et tdlantoriat feld sf solpr anggpamsersion

% QIR RAA il ORscrRskasidansnonsd i
B R s T

VERRL A%8g nafRbcal i stFhREl. Meslaricel] & apieoice gt fddiectt bie
conversion of olefins, c

onpri sing obtaining a fee
absgtbs eelpf ey ppcg?que@thﬁ slafrenengy. It glegicis b?qg ﬁge’m%er usagle

forbN& | A JASh £ RsvPiedt R Qan RS 'fbagetmaaf bdliS s diRatscidsé®ariei nt o

a netathesis reactor to forma second stream
fractionating the second streamto formone or nore
product streans containing ethylene, propylene,

pent enes and/ or hexenes and a recycle streamprimarily
contai ning ¢4 olefins and paraffins, and inserting
the recycle streaminto the first feed stream One or
both of the recycle streamand the C4 feed streamis
passed through a nenbrane to renove butanes, formng
at | east one butane purge stream The production rate
of the one or nore product streans is at |least 10 %
greater than the production rate using a process in

. e .



10

15

20

25

net at hesi s process according to the present invention.
Figure 2 is a process flow diagramof a second

wentrdizeent of the invention. Figure 3 is a precEss2006/032452

fl ow di agram showi ng a third enbodi nent of the

| . . LsBri &85vS alfeOWast Agf-atetisltovi g a
foudf“ﬁ%??%flng{rar)‘gggi #\Eéeﬁttég(%@tlﬁeeﬂié gventi (gn. Figure 5is a
prespnthyclisstoséd embodinggisam showi ng a fifth enbodi ment of the

invention. Figure 6 is a process flow diagram of a

CONR A BLddE hBERC€fbod hadotutet! ‘@asotelRubhendwart and “nanorod”

i sonerization in which no nenbranes are used. Figure 7
are ysgd intqsehgneestlys | ow di agram for a 1- butene doubl e bond

i somerization process in which the feed stream passes

t hQY&Hr@ 0 RBRMANBNoSchIgt FeferStd disténcpd Mddsasurtd mlovd hisogt am
for a 1-butene doubl e bond | sonerjzati on process in

500Qnanometerlonerapematesgqualy e Bllioath ¢fR BT a nenbr ane.
Figure 9 is a process flow diagramfor a netathesis
pr Ql\%@&'érréfc{lo\l’@ﬂgﬁb“ﬂ(gldi}ifﬁbé@daﬁ)ohﬁa?]tsﬁﬁs” BVYINEs) Ik lids oac )
process ow di agram f or nmet. at hesi s praces i C

graphgnethed reljed it AgY ebyDgﬂtﬁ?'ﬁ@b?‘{/‘?%%‘?ﬂeq%fi @)n\Jv ?RI fead

incl@de tWSioRPhéneSREERY iR PErall &l AHdrtRost WithSméktifle sees §typically about 3
diagramfor a netathesis process in \91m ch the recycle

to about d@)rArp aawiiavallpd easn nenpwhtsy MY ¢ Yenove but anes.
Det ai | ed Description of the Invention According to the
| NVRREAREd tolhdiedi) eﬁngacg-eore eaag&aa Gardniibsioni 1gs"(SEEThY mniade
systemin a netathesis or butene isonerizat .

one peRigE S the AR & AGGTENC S@is! PP oagaf (PETRpetude

rwoTBRRLIRAG: ths &) oyed at one or both of (1) a first
location which is in the feed stream upstreamfromthe

met at hesi s reactor_and/or. fractionatipn tower. .and (2)

o daied bt Ao R el e e PRl bl o
indil TRl atORichRUWERH a plBYe subs@tiallg phrakel habn@sthat t hese

| ocati ons using nenbranes, a nunber of advantages can

be realized, incluyding,a reducti -0 capital costs,
Ioﬁreéﬁgweﬁ%‘hﬁﬂ%ﬂ%ofﬁaﬁn ‘é‘&h@ﬁ“@ﬂ of the number of
necessary pieces of operating equi pnent, an increase
i N THaeerpr Gidets GNIR” asuised béreiny efucto NiFsdhat doadioniagm i n

I sons to the reactor tem d t
bralDe RaiBAUGE g ROAUBIR PIONaY CHU A hUgE R A P fes.
propyl ene is produced, autonetathesis in which
pr ophgliane‘apay’ dexalteran,eefrsdola phhlitaofdd¥bfubulgs that are
i someri zation/ aut pnet.at hesi s ss in which ethyl ene
attag tﬂ@ﬁ@ﬁéatgplg%&agpd%lgl ny gc’nonie%%(?r{é‘?ri zation process in
whi ch 1-butene is produced, an isonerization process .
i n Aiefered tcthereme “nangscadeierasidl lingfi defors skehaspsgale coaxial wire,
i sonerizati on process, . ial
whigh STt PRAlaULESERT o AERE. ARATPho A BRI, Afcalo convi
lind 126 tiees@aicdnricabyerofantinesel cadesorsa plotovalthic gbrting pwuyd the

rate fromthe fractionation.train c e _Uus: J
cort 31 b PP BBTEiTT e Brphar iRl SR RgRE b
lind/i§ g@véla{ggd-ﬂldepa%naéiﬁ ?ﬁiﬁia@ﬁér']ns bmtrﬁrseeri;&la:ttbmhgrmﬂf lW’EMhrr?bée.
a desired praoduct, fromthe C4 stream._ Typi cal. e
In GeqretiBernh GaRELon o Mol pindn b asp g e S
condubibt B Aenetlh shidmiagne. Wthout the renoval of n-butane

and/ or isobutane fromthe recycle stream of the

fractionation train, butanes can accumnulate in the
recycle loops to greater than 70 wt % of the tota
stream flow. Therefore, any equipnment in the recycle

| oop will be nore than do&?le the required size based

on non-inert comnponents. ing efficient techniques

for butane renmpoval can therefore result in significant
cost savings. Renoving butane fromthe feed stream

and/ or downstreamfromthe netathesis reactor in a

net at hesi s process, and renovi ng butane from
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the feed stream and/or downstreamfromthe splitter in

an isonerization process, substantially reduces
wequ7aneltss costs and energy costs. Butane renpealusaios/032452

t hese | ocations can be done with a nenbrane,

pr ef SRkl thekdf, lal “himksett dopinanalt refesty a&{hﬁoscﬂéeoplanar
nmet at hesi,s cat al yst, and t he |son§§| Wéﬂﬂ ca%% gsts
strugfuge, Hihighigeludss 8 eﬁ‘mhu o nagpllepyars, Jn 2p gmbedmentrihg hanoscale
copl%t%hlslﬁfé%ab thede W RIOMEN Al EMetaBidlchbhduc ol RAH A PhotovdHtHar) S,
basi ¢ nitrogen conpounds, water and hlghl unsaturated

coafingibeiwesnihem. bipepmissonnfrelegiremasnstic siepgy nsidedhs poppar line is
WaJeMgthniﬁ&'e RdeRf £AGEHp ehpmttta%s@ﬂse%teee@ftt&gn tibatEnvpanedel t he
t hesi's reactor, I's comon to enploy guard beds.
The guard beds contaln adsor bent naterlaI%ﬁthat Wil |
reterned phasein.s Garsverse ¢lefiiPmagheticdVEMe relsrtodiar dbeds

elecﬁlroﬁ{ ét*%lrﬂod@rn?a LGRS dht & WHkS Hot MY @l'ectﬁé aﬁdﬁﬁa%'eﬁ@' y
unsat ur at ed drocar bons and renove poisons int

fielgparn eerperéh%#qr teute disestien of PIORRERYQSE é%@erfp@?m% godesi ipgdudeput
are %Btr 1 tQY éﬁ@ﬁ 4 beshis (T]if Gh MR tﬂ@ cBUAL HelB@PSerpdnfiicular

nee e renoval of I sobutyl ene, if required,
to thm@rme@do@trommqnsar@érwswue meASagtisd M, in ayhich only the magnetic
0 hesis. In a netathesis
ﬁelh %ﬁg ehé%%lh%tg%etdedﬁg%ﬁdof%pgg nit%énes - if present, are
reacted with other olefins, such as ethylene. Typlca
c ondveiefsirisd &0 bfreip g catalylie Bansiionaneiala pasrbsxanrHrRsItoIgRRIg
tran{Tt ﬁe‘t‘ﬁ G0y ik fire tﬁ&@é{fe @(’aﬁ?le? bf é‘tt/a'tdlﬁlt?ceﬁahﬁﬁorplfnetgﬁ

ins refers to the percen but ene and

inclpdg ipubgre nptlinited té, mickpl (Noe silvet ff’@mqlch@tu)t patieac®Bd i n
pelflfil GO R0h %, AR ) TLBI0S). SofaehPlimaiutlihn) and
iridivm Ar)g fn amemlucetamrmrthssge@tlﬁm tmsmnlemteel comwmmcﬂ@l @¥8). Inan
embo 618ﬂ§tthe C&t@?"tl(y t¥|n§ 181r11 rene%ll,] tlar%[gsg i?c%a qfl a gﬁbodlmer%t the
cMﬁWﬁdmamtmﬁnmmtumqwguam6Mb€d3 and |sobutylene renovm

steps can be passed to a high tenperature hydrogen

fre . A [

i SRR G RO00d RAUBEL SR AR AEASYRD JRBE ol Bsion

mewl tlloys Graferblipa cataeytarmmjtioﬂ wetblalmpés a ltdmetgemssmsmre or

t at.hesi s. bl t
MR ot Bl g R T T e
all@f ihelndeabet afemon Vimdted tof Shlckélﬂ‘geld(WIAluD aliyy, sitfdl/aeotmium (Ni/Cr)

oAb oy Qe PO B0 SeoRnr P A8 of the

1- but ene goes overhead and the 2-butene is a bottons
pr obhectermsSaamidbek Ut emewirss, afmaoorbds,’ T ‘matdveysiad, 't manomtt@tag”

ith the narmal but anes. , Thi tto streami.s
andpeesHeut S otib P R bR oA s SR ol heBRIER o
ma%rlbwtﬁbltﬁre]tcs @aﬂin@&iﬁe@l@g , cHamcefitddusitheit largast dﬁqensiolnbtﬁlaumge

ture o and  2- byt enes as Thi s .

of BleseSpgerant Pabe by FomoSodt poicRims PLER fig) fyfmetric
strichRedUr® pieRebd] the Bt MRgest dimBnsidR) inde ab BOLERIS itehd bf Mitrons.

process, the C4 feed is sent to a fractlonatlon t ower .

The_over hg treamfroma fractiaqpatio I ssent

Lo TOIRER EUP” i Rt DpePESRRp TR I G eesppus hitres
of ﬁfefrhc;aerT ﬂlmgiatehatb h1§h/&h@>B?a$ﬁ@(faﬂ dXamphR, @?Mintd (bamdﬁm)mmls is

f normal__and i sobyt is IS recyc t he
thef CYc theBRA LV So hﬁﬂ@?@tﬁdﬁ@lwﬁﬁﬁtang’ﬁé@%@ ona

renmoved as a bottons product and the isobutyl enes (and

i sobut ene) go overhead. Begause butanes are inert with

respect to the nmetathesis or isomerization reactions,

they will accunulate within the system Butane

accunul ation results in oversized process equi pnent

and | arger heating and cooling duties as this

conmponent is inert. It also results in the |oss of

ol efins and therefore also a | oss of product since

butanes nust be purged frontthe system thus Ilnttlng

. - . o a1 o ~ o o,
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conmponent is isobutylene, followed by isobutane,
1-butene, cis and trans 2-butene, and then n-butane.

woORodrabén 75 sobut ane and n-butane are in the streamusSnms®32452

than one fractionation colunm is needed to renove
> M egP an Alegdt PimBdEavia)t BkABALASERCVD
near%f%%%%%@%ﬁ]?t \ﬁg} nor e, the d?ffgfencag in v]gl atility of
methdde isludo hplowenat diniitsd (o F plassireanhanced ehcarsal Hanoe a0 ng

(PEE?'{?B}Ji uﬁc?t fﬁgmérﬁr Béicdl Q%%Qg )ﬁéeﬂ s S(;Im\@l, sy i@fotron
Sepdration. frextract v Istillation is enployed for
radiatiog fchemipalnapdri depesitiral 88ROYVID)-a hi gh percent age of the
ol efins are recovered fromthe streambut are
co Vrki CQIR9 { &dnBfik radiation
a5 R 6 it Qg 3R0C RIRP WL oIttt
pulse atchidingtgemnBapys; Xty ukikvielebBghhevisble lighty mfrpiedmigemyes,
. i [ i a t AR
R 0ER DR G O, MrS GHESRGL sita o, LRERSIHE Bxhc
miclheaaisekgeonidrdatioeandfotitehforme pbragdinten ¢fdke dlestropagistigood
nough to replace fractionation as a neans of
SPG“E‘&H'fi cation and because nenbranes are not suited for

use in situations where conponents are concentrated
butThe ptesqutlyidisclosed dnxbodimpats eeeeralbhielaiedo thsgwse elmescalpal
i.ties re.. ] i ;

conBiteh 55 puEThRRB S GuEFREIAGE, TR RRCUSE ol apparatus i
a maltifinstimal ndnveommsitomnhetia mpde af ametaBicdilp drgings toplshrfergrapd

integrated.fractionatio ; i eS are
o bt oD PN B SHRL T, Tt ek PSR
confptiedialmdtyllié eylindex fiedmiticephofovolizie matdriabanddibving arberdnabs,

known as_facilitated transportf. nenbhran E .
cons i AR ETes Bl o HE Forae ind a8 ol More Bhdiding
beybRIduARE: 6B fill afdenenbeddel potibe tiacalwithin the &acTtlse wi t h

a desired conmponent to prompte.the transfer of .the .
nangsh GRRIET o7 HRSPrSFTeltD P iy Y me P AP Ey i
pholdvBRSPMbteriAE TMERAGSsddRopRAaIlihé CandBlvé 8 wallpxiegiiad iegond a

into the nenbrane or pr e_seg{q in | lqtﬁ' 9 | ayers between
surfacaepf ke imaand an sypbpdded gortinp Higkis YWaThEY e Iy a1 £ 1

separation. The olefin is selectively and weakly
absoshedalbiuithe e shictiRewBdiein tixe osiade] but bpicalpsid, imeil

attractive forces allow for the m gr%ﬁi gn of gl@]f S
surfgges grerig 108 PROXIHLY, Ml Hay,thptifans yeEse elqqamagnety, ﬁr@
wavel ﬁre%@ﬁ@ér@lzip%a%ﬁé‘d Ao sphein 64388 e tvd BElaRS ThelinetaBior

paraffins have

] een found to have an attr, c%n tf%
theig purffses Gan P spEPOSThethe e ifferrat Myt meteBglgeitiyp! these
metifs 488 Be tafdphich@b 8 dulR s bn. MR Albeal E¥iSshfSfonURme Sight
silver conplexes. Gas perneation across a FTMtakes
alsqidaie othyr maesivé ereangadian onfapple taBIVES? BIRFEP FIST GANSYFrSe
ma%“%ﬁg PRV 56 8es9 ASc DL RG] 8Ram Ak A dnfekd sPitnié istatRaxial wire or
arrrer-gas conplex. The second nmechani smoccurs only
cableorA mangsmlet doatetal siustuse ishstriicur wheigin the separation distance
398N vk Liflnef i b RaroBiB1eSHA th
bet g ol felol e ol P RARE it TS RAGRE RulodRlcagm e
ranfd fiom abs tl nRiMvkbbwledew thousand mewindtarsroBiel tive @dmiarycxpeples of
menbranes (LM . Thes I [ egnat i
o R ASGOBHS T A48T i EhTe TSR s D} R ale W far
trafsAddslontliati mMpticafthése cometalatraclnesphd sarintsalserevd} are capible of

carrier solution_is kept within th ores t
SR P U SENG e e g ot R i Htidf gt
the carrier liquid can be sandw ched between
supporting nenbrane | ayers. Exanples are described in
U S. Patent Nos. 3,758,603%nd 3,758,605. It is very
hard to maintain the carrier solution within the
menbrane and to insure nenbrane stability, i.e.,
thecarrier does not mgrate out of the nenbrane. To
address these problens of |ILMs, solid ion-exchange
menbranes that exhibit FTMtransport of olefins in
paraffin-olefins m xtures have been prepared as

o ~ ~ a2 2 A PNA N A A A a1
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U.S. Patent No. 5,670,051 is directed to a facilitated
transport nmenbrane in which a netal salt in a pol yner

worbo7itzoi7at eracts with ol efins but not paraf fi ReT/USHI08/032452

docunent indicates that silver and copper are useful
than R4 ﬁletal RPratidh difindeBaRY &ﬂﬁxavéier@ﬂﬁ;ﬁlﬁpsfg@ﬁmﬁ}p Bfn(ixacrdmms

taught in U.S. Patent No. 670,051 is to prg@ f1h
comptphipistprsicadle Bpndingswrves ag%ﬁqﬁ 4 @Hlaa?n TeFOna mw the

nanocsgélé dinfEnSoR0 E%Waveé"l‘n&lhdé h6se TR B RBEhb Qisibi: spectrum that is,
characteri zed by a selectivity for an_unsat urated

froni the ibieasiols (bebvren 2heut2Phpmandakaut H0Q BRytogheinfrgred (between
t n such as ethane or but ane,
zmo%gﬁgé@?ﬁgeFMHBQQﬁ&gpleast about 20/1 and in a

substantially dry environnment. The preferrg$ ionic
me E&ficignsy of the epupling @ﬁ@p extgmalyadiationde theypomsfy structures
depgr{dsgﬁ [}{e% 199&}3/ &8he §tHERl?J ztn% tl'xer}ﬁodédﬁ' operatlon Some cometal
yepl oro ydrin, er - anm de
struetomol%TﬁrefyOPlémr@HWéwohWWhV gm{? @ a%f%@%@ GB\ERJ? Ps s,
d ti h small
rad1Qt‘i)c1 I‘Bﬁ ﬁgﬁly‘gﬁ%%fen%saée\?n Ec{)r‘ﬂ%%’ihﬁg ?lgctro e éepre)i?aelgrslsurpléc smaller
tharmhe wavelczfgth fIh shepstruygbwesenink s the nmecamamalrlmee@

arra(l%.dl:%ﬁ:s rnggéluﬂe @P%Hgf ctl%tlg?ar ){t&ﬁ'cﬁ:ﬂ{a te)t(s 11:@12@010 It?]r e’than

the azsveaaengmf(ﬂteamtepetenmm@hannni ifs ynugin sallor ﬂ.nqm e r@cbatzpnx 10 6
TP) / T
e b T PR o PO B IBERS S

antdnf@ a3 Geabckssapst preferably greater than 50. O:her
FTMs such as those as described in U S. Patent Nos.

0 Sy i G B R Al e PR e s

ands:hrge cori¢rabyisigg & eidutiivanediun, an slpmpmtammbrimi@im ch

id t9 f .
oo eSSBS BT 0, L e,
activ& mediGmu oigllel the hdneantama Ipaﬁ'ﬁlembﬁf iclent lgham%cﬁ(m, tinie mdnc[sc_ale

sil.ver, i ons ch .n ved
congrtpretin a4y s ed o il A et e Ao AP
cle@AMbIeSRAES. aFdi@lheyﬁaabscaa csaxllal efmbsditnt, tha doaemp egrhabtag ﬁem

the faormul a C6 where R is an
gy harva3 B BGISTG BB PIAOTB G g BT RESep T Fpefl ot
con%sﬁﬁgcmk TEMERBESRb fifectbMadneaOradRAGE. TRE niivkailloadagiablimriehgth
prreferably is a polyvinyl pyrralidaone,

canlhgmiﬁ@g S@FWW@WQ%‘P@PF&C hlw}anMrVﬁgtqu?r}get{l%ﬁaéloscale

coanar IF e Adinf @k BB kasilp flavy st @esdiah %anﬁ:@ér kaIb@S e Biphlcatier
ul ose acetate” butyrate, polﬁgcr ate,

harpestipgresttiganriatematang exteanabelertiofesp Jity seaxial fine aliqws forrhe
, h
e G T
dlsammthe@n ekacmles mag bedesstharf the pastigiedisiondengtin®ithitty ner |
cati cl
han%ne\l;lg ﬁg&gp%%én @gtrglﬂ?sc bI ?@ar{a?%sgﬁlgl\goﬂgn& BRbSAAENt is
alsaexmem meymg 0@ IWEM t5884f dertroR@RLiIO 1:61#4i58, an)seyields high

Pat.en 6, 1 cilitated transport
har h"iﬁ %ﬁﬁ%‘efm fgh&iﬁh%ﬁ&%'% a§1§ FfrPaE e & éerrﬁac al groups that are

ionic and are associated with |on exchange sites in

t heTregmirenthedisdordd ambedinpnts hlétnw@aanyglraowsm ling capable of
ol ol Bl ELA R SRE, SAHTERL irRfudk M ot imiced

through the nenbrane. The first chem cal groups

preferably are anionic grog@s for cation exchange,

such as a perfluorosul fonic acid polynmer, with the ion

exchange sites being occupied by a suitable cationic

carrier for the facilitated transport. The second

chem cal group can be, for exanple, an oxidized

poly(pyrrole). U S. Patent Publication No.

2004/ 0147796 di scl oses a nenbrane which is said to

have h|gh olefln/paraffln select|V|ty and good

e
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even nore strongly attracted and in fact bind to the

nmetal salts rendering theminactive to further
wabtoo7acei7’eon of olefins. Simlarly, sulfur, nitprPoges2@ed32452

oxygenate species are strongly polar and will also

the dog{lgl\{ﬁtﬁsci‘{}]@éléfn BiElel PcdRfl R @i 4 Sin8atdrs), th%ﬁnulﬁ-@bfé&b@dal

Fr ocesses di scl osed herein ofteg i nv.ol. d
transniissionding v ltiforgresiash sech,p shorea G oPy HEWrde? FtrlP ?P a

copl%lnga?l Eﬁ@ Of Ly ﬁgjig 3 nﬁgﬂ orf iRGGVIRO IWPI paRBBlaRdtalit Mectrodes

uns urate ocar bons such as di enes_ and
(strlpn) aeyarand b2 filmgf &pkgxﬁﬂvplt@anwwwhdéﬂd@@feﬁaﬁlh@eﬁ&d? & lrgricthan
n
the rﬁdlfatlon %&%?éﬁpgﬁ?@lh%ﬁ@g%%? gg%isf&rb’ é}%gtidgllule’%anq{régnmgger than
the rhliiation wztveleaguhnirozm: emitodiment,@rmenescalp eesxiahipeyvithy p plurality of
core§ ﬂﬁu#&%@ cqn] rrc]#%sgc? tolylqu B%H %grveﬁ%{g flcle 3 foP b&tﬂ?ﬁ%ﬁ‘é"énﬂgs

I 0OCess | 'agram oW ng
charigh €arfiér0 de SISemlﬁodanént,resﬂanesmpidne femita s@ﬁplmh riyissle Heht, which

SRV TN R T A

carrtRfd. marily with C4 olefins. A C4 feed stream
desi gnat ed as 10, is obtained froma steam cracker or

It. f strea
s 1 SR BGR; The BrbRLHERr e Befal dipiges
emb@diﬂidhts(arb tsromd ﬂescﬁ{ﬂa’@m’ hatvlngslargxf asPet aatigs, OFat dscthgio h:ggthg 1srmy:h

e 5 ot A L 200 G BT

be tRAES &%ythe teﬁtﬁe fs@leldsps«ttﬁﬁ& MhkGan&nfeankstdescaibed h@bumy%esne
renmoval unit

the gRRE M BP0t S bR LA g oy g o EER ARl Facl
tecHﬁb ?&‘ EpliePfoh&rhimblcalenpticdyysteink Anhdvivibleragherclearfzeed
ure and nost preferably no nore than 2 wt % of the

e ture. f eed eam
eI T L TPl GEPUR e e
corr[p@f&ﬁfé@@i tHaf OFB-Sit WaRdlt it disdidvgmaged sbeld& High manadaltahé installation
resulting stream1 i o ass
cospad e PisiETeRf ﬂeer%rﬁsgaﬁqf e hédlﬁlﬁmf OO Cfer
1m;9@\§ﬁ{eh1*§ edrinel Bikillgyek bltfattéfg@rthd ehabil dnetdy can 8ematched enm/ e
butanes in stream4 1. StreamlSé stream18
semjgqndugierband gap, IREMIERGRIIRRN 198505, 21 gﬂ")“er ‘E‘PE%VNEﬁ e%yt h
an ethylene stream 19. The flow rate of stream 19 is
sel@|ggt el shdw s RHémalRic vievast 2appople iopfu'ce appu‘raittl)s IﬁO 1nclud1ng a
et hyl ene relatlvetothe uantit .nor mag[ l(ge in
plugalipiepnggegiopoarts! EREHG T BICETR °86’Ht1 e 8’fe BYPEaAt 18
intdthdl U&ldﬁ&tﬁ?ﬂi@ Wilh arf i@fpelidhGe-ARicBtd WiSdnSa | HRGIdQr coadial ectjonl 185
stream 20 from downstream purification is al

coagadrviithreephoigvelaie W@?éla’s]tﬁoejél‘rﬁnaﬁ?ﬁﬁal‘ﬁ RELICS GRRATHEY f‘@t‘f‘ Sippgrted
by ?E]Lﬁ)stfreﬁg 1@<ﬁ e i@k Pecohdiora 208kt d3 Bj ond fiRAhO¥cald 2oaxidl

esi s reactor 22, the olefins react with ea?h
strustuneformmg sheoehtiedl nane-arteangrl | & An gupt copduaies ol jisanfyterma
coaﬁ’ Bg # HOE ax%'i QGQW)IF Pﬁl%%l §Fattitf0EsxiaP RIcARGSr@Nd
t1on paraffins in the feed
empakisd mmwugi}tctlw@matreta]dﬂo ffhgsanpmétcsaxwmuﬁwaﬁéf&?@s
react or I Ewith
nangsenle Gaxp lrzrsgsﬁ %Eer e%heang&g;rlgﬁ pet Bﬁpy Lgstsi\%vg%ﬁe &%%‘r%c
thegtrévorsthhischsed dhleodimtras.yst cont ai ned wi t hin thls
reactor may be any suitable netathesis catalyst
including but not limted to oxides of Goup VIB and
Goup VII B netals on supports. Catal yst supports can
be of any type and coul d |nflude al um na, silica,
m xtures thereof, zirconia, and zeolites. In addition
to the netathesis catal yst, the catalyst in reactor 22
can i nclude a double bond isonerization catal yst such
as magnesi um oxi de or cal cium oxi de. The reaction
takes place at a tenperature between 50 and 450 C
preferably between 300 and 400 C. Downstream of the
netathe3|s reactor 22 s a fractlonatlon train 26
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and any pentenes and heavier olefins forned in the

reaction are the bottom products fromthe propyl ene
weepmEriati7en. It is not unconmmon to enpl oy addi PCONER006/032452

towers to separate the C4 conpounds as stream 34 from

t h@hé*ﬁ%\’ﬂﬁEonfaﬁaplomd&y%%hna@m@wé eBgsnpld oﬁrfeeﬂsnﬁoﬁﬁle
and higher olefins in stream 36 and recycle t

C4
interge)ppadietos inchidp hutraserat linpise e parben fifery Gaction ngp P‘H%
tranégﬂlc%fﬂlé}&ls sddh§ gﬁﬁél%w ; alﬁlhﬁuQA(Ai)t 5@&%&9&' (@r)bre@bilRiynak.

sing a si draw fromthe | ene se aratlon
staindasmetecl (FiCOn) @ratéténmwe aHemfpl rramaetallic Ralymaers, Qer

1nter?%l oﬁaﬁtop%ttrg %ﬁlg/ [én Oﬁ'eu ] E‘ecmﬂ’ EQRMhERS (H&Ma ki on.

froma separate tower
yanidringts smalSbabd gop, ampphitchat b SKIHWtﬂFPeaer’élﬂ??O@ﬁ@e that the
pa on .t
oSO D50l BERLAL B R O b EO9EHEST i
spirit @gineepeyofofie frésentiyudisthessd embediments| umre of materi al
recycled will becone very large requiring substantia
€q ! HRoBi&Pof ligh
;b BRI pla F837 s b Gef o ol R ARSI BLb ot lgh
in thevisitie spvetrune.clxdmplestof phetpBdtalgymaieripds inedpde, perrgpot limited to
eLd ti [ tly
P A B AT LS P TS BiPL o808 )
arsefild® &GaAH) i detmaniypo ((Bﬁ) sCa(InGa)%e, G@H{@lﬂe indénng erd ingonided BtSby e

e B b e b LS LI AMBEn

(CuBY)R @8k trichrtité rivgy; an@(Mﬂmhatmls:lmelw ‘albseo:‘rkllled in the art. The

re-introdyces poi son to.the s stem
phofoypltaiepatrals ean be STysE me?%edwdw&ﬁf%?ﬁbe“ ffﬁ"é‘?“ ‘5 g’r“g%"%
scalbapblkéry AiIRAk (HEGABPAFdng SR bEMNEES 1nr mpfoeﬁ@m scalei; br amorphous
system Since facilitated tran gﬁ g are @Iso
(ap%l@ﬁ@@ﬁé%gewmrﬂfgw iy H@&&Oﬁﬁﬂatcéaa Biries™e ity

recdgize GRAhe ﬁ&gvoﬁtuicfthbfterﬁ‘l) AP Yo eiher ﬁlhaYalﬁlerWndﬁ &ie|ayt having a
Suited to use within a netathesjs

re
bang gapdoyas o impreyedhe ahspratipn vfellg#lbmttbf‘e“%‘gﬁépic& Hi'a Hfhﬁ ant s.
phot-mglt%@ﬁlb ehglait8§ %a}r b8 ARRGHL arbRIAE SRR ma$ cdrdeabl olopert ed
e recycle stream 34 follomnn% t he netathe5|§
photoyaltdiomateiplci§0 maprswiseund dhq igterpbendpqiordi2§ in g nepsunitorm
rane 39. After the reaction step, the olefins
concentration within the C4 streamis reduced. Thus
the quantity of material that _has to %ass thro%%h t he
el ahier pasidpeter K68 anaythe s mstlh Thisy fs\Pitvg cqndyetor 160 may take

f :?e@éé Tl ddre BYshMEs GdRted coddiciBM@hdludebut &e @bt limited
1he?ﬁ@jga & rgne d?’%e raﬁ% 4% can be Sseg in the

to, dagtengh fibier; eariypn panofulel Ruze Eansitibn Vstaly el asdrickgh(Niy aluminum
(Al? Eﬁp a{r%ﬁlg} (f(frf Mkl QII% et §t§iﬂf&§4ee@(f@/¢/@rfkﬂ§ﬁg aﬁlﬁnﬁ%‘ hild3h

rec to avol d overloading th
(Alﬂ\ém(Ztl);) pnd Mbtellis uoplefmqrss Othe inferpaledudricioat &P ylgblytd@nei
str tha i rane
R S A e L
graphiey. eflmrse slekheplan Hieest vlzxﬂltremvgmch thetthb outerresductirenay de pifice

crSh B  SL0r p SARLL PP SRR by

disclesBiembedimeiie. t he netathe3|s feed streamw th ethyl ene
added, the conbi ned stream being shown as stream 21.
By renovi ng butane w thout sinultaneously renoving
but ane in nmenbranes 39 and/or 40, a higher conversion
of butenes to propylene is achieved. Fig. 2 depicts a
second enbodi nent in vvhich1 he netathesis process is
aut onet at hesi s, which does hot involve the addition of
ethylene. In this process, butane renoval by a
menbrane such as a facilitated transport nmenbrane can
take place at one or both of the sane |ocations as in
the enmbodinment for Fig.1 , nanely in the feed stream
18" or in the C4 recycle stream34'. In Fig. 2, the
nenbranes are shomn as 39 and 40'. In this case, the

e o T T L M



10

15

20

25

30

stream 10" or 14'. The feed stream 10' optionally is
subj ected to isobutylene renoval in isobutylene

woeomviad17sinit 12' and optionally is conveyed i RCTIUSE@AN032452

14' to a guard bed 16' for renoval of poisons. The
Puﬂd 1 8dnSEe %g‘vile% ofARbhQBAL boaxRAsAaTel BE PleghAMERBIGINE

to renove tanes in a purge stream 41 The
1B, hhe diaimeten gf the éntersal p@mmlzoelﬁ%w@leathe diamsiorehnedrs

condhgt%f: 18 is2R. TP@se%'l Edin 311@'&“ FlErecdPhR YL 08 didRr SERS 2B d

exenes are orne exit the reactor 22' in stream
and @Awitlsh orecpisit e scemfrthmlges@n%y dipploded embadiieRidm t he
autonet at hesis reactor 22' is a fractionation train
26 Icf ONS kRS DR R FIE@%C k¥ehGhow %éliehfaﬂ@hle%na eNEesnplary
ené is separated in a first tower in line 2% é
v1ewuzfmb@n¢m@1©vw<e&ﬂ transmassiondige byiltground elgned qarben pangiuoe. Fl
2A, F ][%:‘3%3' 1%10],;1%” ?C ShdvPP é’lh@@ ﬁado§caﬂ€ %ﬁﬁs@ru@ﬁr@sefé&@&i W6 anfrray

SOone Ccases, hird tower separ at es t he
havifida pm:mmmﬂanéscdmzmw StElCtltlf%Frﬂaig sehsmatihsews shoshipe thikss

majgr 3%83 goa)fﬁ)ﬁlc% %nlgr}laﬁgséaggma%%l s%a;l;lggllsc%h% %Mﬁ}g%le@srsgvere taken

eavi er conpounds are

using & SEmathgicecstm wamsdpe (SEMpat@p Ostegraangdd to tbpsqn@mngfyce
passes through a nmenbrane 39' to renpbve butanes in a
buk.ane p s"f{ogvg a%&l{fgﬁm %gw ane%ﬁ &e ?ar); %@@'o@ b thn%@ Yé&béh
formmng ream ure - but ene doubl e

nandayaired mns ivema Zaltancad qbcrwelss@pwdemnm (BECé@d H@Ehoéél‘ﬁ? wd to

gl’OV\c/: 9{1 9%1‘1'} azgn %Flmeﬁ%\% lé mgéa %ﬁgar%n Rin%{db@sc'wftt? a&%g@feﬂ h of

rea ormstream 17. In or
aboﬁtcs Ppadising ahnncglal qatahyist FIQ-240)t dhe pat@lw sanclesrosipasited On a
nt ai n_onl
thin CRFIR o O%BQPPZ%R% Pl Tﬂbe&g néﬁéssg e‘“‘%gtgmul d be
enployed to renove the nmajority of t hese i so conpounds
si G 2Mgous Iayschefnatlchetbw and amexsmplere vinw e en aligngd casbon
tre S r
nancry iR Rirts Fil =R T o Ph Asnpliny % bl
photbomwict &yag)f&mbmtmnm@m(eklﬁ)sb oTltanmmolltaacaMQhawﬁmlmeﬂSng

2-bu n but a The 2- butene is

betvyeep WF ﬁOQ%FFt%HE?PﬂﬁFFon reactor 29 to formthe
recycle stream 3 1, which is conbined with the fresh
f e@IG2C flommasticentiv HEW aAdi bn exenppdary vieW of an eligned garbetn

be re l.ed t hrough t.h 1
nangigh FF D9GE cogtel P BOR S b N o8 S (A RD materia.
ThelnABHHUBS cbvetr@spueemd/emb ailbcaun e@u nrh/ﬂrrthoanESOLhdn thsckpbmiuro taydr

in the f ream and rem ves b tan i
as thesouter cap T'Oé nf? a&ten}bﬂg@e o g 00 HCWdIu Por e m%?/ké:' Pgﬁ{. g any’

remai ni ng i sobutane and nornal but ane. A nmenbrane at

t hiFGl Dstatvisan amhy efnanexay esaxidh ganssudsiandines built pround aligned

ncrease t of the 1: bute
carl?ogdmaa?ndli){sé &g%%&aytl?%' V%\Ana%nﬁscta}? co_aLx% aé%rgggo%ms distributed
uniRWETyE ashdomlyt diea fubsieitd Mo0athe narmsdaﬂnmamb/htrdnmamsomﬁnassnay

posi tioned between .th
be J1ggebinTo%s PRl N inbue! o e Siihie 300 Tk utstate 190 me
trarfgarett ThE sdbBiREE 190 GaySher c@ﬁi’pbﬂ of Bipelymet, lptnsd, saamic maitruad),n

reactor 29. A nenbrane a | oc
carbgr i oS R FOTBRIRAARRS HFIOF SRR SCIERE h iF B Lipingmize
thatf thOWitsh5tO HAD bl BeStR 1B whaH teiaRGind be withiin| tiugpiriifand
butane 1 n the recycle. Figure 4 shows a butene skel et al
scopeefithe presantlp displotsd BWodimeHiii ch f eed stream 60
containing C4 olefins and paraffins is fed to a
fractionation tower 62 aft bei ng conbined with
recycle stream 64. The co ned stream 66 i s separated
into an overhead stream 68 conprising i sobutane and
I sobut ene and a bottons stream 70 conpri sing nor nal
but ane and normal butenes (both 1-butene and
2-butene). A portion of the overhead in stream7 1 is
sent to a skeletal isonerization reaction system 72
mhere |sobutene |s converted to nornal but ene. The
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gi ven production. To produce 1-butene, bottons stream
70 can be subsequently subjected to doubl e bond

wOowmaRZat i on using the process of Figure 3. POT/US2006/032452

produce 2-butene fromstream 70, there are two
Op hgﬂ'§y ofmﬁtld‘all{/ §lt1gn'e§ c&rﬂu@té‘@]é@%'; mSitFRABd dbdnthanotubes or
roi sonerization in a fixe a fixed bed with a
othebuﬁneweres;’pamﬁb@ﬁ) aregrgwn ar atigehedyie, Hleﬁé‘ast%r NG Eheiggndyictors
' SPPHHIBVOItAE ndtetial OFtR chRRforsMré then
are C%g‘{eﬁl‘%%t Pl% ﬁgté @%\Jloﬁfﬁgt %n aﬁ d dr ollasorrercl zat |0<r)n '
coata’mwltbthwenetdb‘t lawr acgng as theutey ceraitua Optic distillation

section in fractionation tower 62, which will increase
th gxnrrgx’é(} gf‘ﬁaﬂlg&ai%fcogxlﬁ %ﬁﬂﬁ%ldﬂ’hrﬁﬁ [rﬁﬁﬂbi \thldﬁll? alidned brbén
odi ment 1 n which ethylene and |ine

nancsilst igreavrenmeelgss gehst e cojed bt REsEROULAD AR ﬁhr%‘ﬁ’é‘? yg- On
this 1a Lé/?ﬂ?ﬂie% 92&51?& £dr Zgr%%ﬂi SohMsests WS Héﬁ%@iiﬁdf romthe

eslI's reactor One or. nore of three different
electrechiomimty., Thins nzgngfogajwqg cped withpl'S Oy oGauminpg oxide and

subse%uenH%gg?l 100 n #n ghl%?ﬁtﬁn T C&eryeln%p%f ﬁéﬁos&[eec%gigs)wa‘s ﬁlled

rom ream a“very low |l evel, g.
w1tlﬁdimud)n -BlaS3HOQG) whishsigesfot mféect @m@nct@nahty putallowed the top
mting the nt t 1
partgh e rhabospls b PlecPlysbiPpdlsitd F, 1ls WaniBERIdBaca
core8leelil b6 expostdundelidyl camwbrkl 5 wavelengtiz-gulepdadenhiahgnission hnes

utylene re val f
rIC TR i enpton et Ggved B roffilon bR SRHEELE
(SEMe feed is |soner|zed in a reactor 42, optionally
passed t hrough a nenbrane 45, to renove butanes, and

ed to th t .
R CALARE P o PE LTS ARELE o8l L] n
VIev%&b}@@chnﬁlﬁ@elémn trrﬂdfroébaﬁe IHIGh3 R lsimwsethwamtﬁmv@ st@inre of the

stream 24’ at i tra 0 et hyl ene
nangisale 5Py W@H%H%W%1 ﬁ%@gﬁﬁqﬂn ré?"l g&gand 30"

respectively. The 3-hexene in stream50 is |soner|zed

angii6r m:tshomanedergy disriive mmdspeqtrosdopv (RS raxlgrieof the

roduct trea ut ane o rom
siflpy %t?ﬁ’ %‘2?"{% YHE Owé?\%cog rg% llnépﬂﬁ?ge#oe i a%(i%s(sf) s a
chr&ﬂmd (Org aedlaltBsp@) Thee dbttcdnine i FIG. BE comesponds th ep

down tre fromt fractionati t he
o TS S O SRRt RS g S
chréBiun (@1} bh®ATham (M) @hcepatinialatigake :tcbmledemgl cFI&. BEshows

for the reactor_42. nbrane_ 45 . use
thafj the peaseRfgon At %le@@aﬁﬁ%“ éHlC .%fz’ ‘@H?I@eglghe“
chrOMEAN & nkéntla 8PN Pebséd irSthé A28 metawl;ﬁfd)atﬁ@‘ﬁtﬂ’r@ﬂ@cdlé)coab(&l
used, butane is renoved in stream 44.

waléas myd highest Pumppmeraceatipion inehseved ke flﬁ%owwmelﬁaé" Goating
(A h 3- hexene being isonerized, foll owed by

?r ctionation to obtain 1- hexene The advant ages of

but anes (i so or normal or both) anaI a the1 1 1l

| ocdS: BRshawbprofsTogiogy Viep &f aaraéraég PAPOF BRSO Spfar cells

w1tﬂ %‘Egﬁd'éht’ratgly a L&AV 1ﬂ§anﬁ6n Qf«'t‘hélﬂﬁér édh@ﬁﬁtéﬂ'hﬁolﬁﬂ tiged fa@ TR le
he vol une of materi al be processed has

coarxe dhe substsaip é feiblea) [pgn emhwdsmswés sybspsate 490 Ea@t‘mn‘% (AD
fme&n%[ %ﬁﬁfbl&ﬂ&talﬁ@ﬁna@rlhm (cfo%f)ern@ahﬁ)tnr}ﬁa%f Sieel BRI dig@vidteridis).

ene 1S desired. For conventiona

Thmtbaurene isicoated Wjth esfalytispasiiriesde ance, Nao) 9pieg Bbthepical and

renove i sobutylene to a | ow amount (2- 5% . For,

hexene autonet at hesi s isobutyl ene usually should be

renmoved to 0.03% For geneigl autonetathesis there is

no requirement to renove isobutyl ene. However,

dependi ng upon the nethod of isobutylene renoval,

i sobutane can remain, since it is an inert. If

af ractionation option is used to renove isobutyl ene,

then i sobutane is renoved in addition to the

i sobutyl ene. This further reduces costs. |If however

NWBE or dlnerlzatlon |s used |sobutane renalns and
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vol atile and normal butane is the | east volatile.
Extractive distillation will renove both paraffins

weimiikersousl y but is also very expensive andP@rius2006/032452
i ntroduce poisons into the systemthat are detrinental

elec&@ch@xﬂﬁ:&f@étﬁ&&%? bSnveRiAbMabeum Qepb¥iRbie Rbhiqies €e.&Asputtering,

recycle streamafter netathesis is a side draw fram
evapofgion ewbslmgimtpcﬂmmues) Nexiointsrnal Sed Upi6rsJaf dehrs nanotubes are

grovll & gﬁ&‘ﬁ igué: %Hgo% 'hﬁrggg?ge@v@ PEOVU" &nd &imahd t@cﬂﬁfqh&ﬂ

secC f matferial produced in th
and ﬂEtsabstreEia@an@a@medﬁo pxyeen, dchatiscls pal tbe expysed n&“aallulc‘s

subs%? fgr\r/rei{%gﬁgot@\roﬂglgq ef 0t H"hé thtlﬁ)ﬂﬁﬁ of S-EF}g cont c%rrn%ﬁ'éﬂal 180 is

pol nt fins
grovirhasingLios tentiamal dépdsi’men teehtqus (@a@d?\éil’ gud $imdlan mb@rquvsm une

Fma&lﬁ,&g% FGubgﬁragir %ar%i shc%égd we[ 5f? %g{aﬁ@ﬁ%)@@%d &nl?%}ﬂ)%é)rﬁ%r

nore ¢ trat
propity agdins i phurbwlmm) qoaﬁﬂgal Serrarthatlamom@tre‘ras 18ris fnmaped. elEISi
cost | Q The stream
congeagpia 13k £ Boreerg e oy e g e TRl E BRI chith B8 o
an ehilb@%mﬁﬂﬁ tfﬁﬁlﬁi“lﬁlll@ﬂﬁ’l’dey off lﬁj‘ﬂii]i\/\edﬂil tenygedooifgichs lnnJng-ycorfe(SmCﬂngg
al t ho thys 1s .not desjre Far 1y rane .
ol G Pt b o e sl 3L 1R ppisns
regliﬁp%urﬁ%a&l@ﬁé@scaﬂ@aﬁh@l@%&bm af a ﬁ@t%mnmtbﬂ 185r m/addmondle
| ongest . menbr ane I| at th erfor ? TThls i's
ante@%%élﬁ%mgwgm fem e ‘f TpIgR af‘t%éﬁr@goat‘?eélﬁggﬁ? tlt9 f&nbr ane
conSNFhiBB185 Q&R kheldABRSoRY &Hl% v Befabisakedtvaiiowaitimber of
especially refinery feedstoc st hat @Qave h;@ﬁ
nanpsselp geaxiad Haitsa e gtéblmla%uw&%& 15BN I GPYACRIFLoTS
185R8%b ﬁl% Iy Q0T Ghe/dofhr BN ;y?i@ﬁl% R GudyTkBEwA trohéak e

gasol 1 octane conponent s e use of an olefin
paraffln menbrane is especially_critical tQ ach%ev%1at

ec dnanprbastimendhe peneprizeiar 485 seiforpdinfgoaduciiyg AR

poohy %tsftﬁ@ﬁ%%&sa BRAUBnduchir SBREd h-RY¥&haleQoaislicERS. SA(IGWI-L fur
and oxygenates) than steam cracker feedstocks,

wettingmetallig e Srebrecela e BRHHeR O SIS EARAEINE g&@@ﬂw particles)
is dGRM s ‘?l%mu@ér cOMRLRr PEA $n PR ntaldBroPsskifB st ERGhRs] thed

jor reduction I n capital costs can be achieved,
wetﬁng arigls; j.e.ftlacdurvature efithpreonseriries 189 e Thipwilhergpte Hﬁtlwan f or
! | (i EachiiEndibARBGtal 86 VI Ce. O
“mggﬁgéggg%ﬁ% yQSS %Fﬁg the %ﬁta%es thezyle | d of the
deS|red olefins fromisonerization (for exanple 1

butfdGet A3 4Bt EHe)4Comhow thaesriis ﬁ@&akeX@P@PeI&&‘é{hﬁ? e
Whl.rl)J 2 lvgyﬁarfsﬁlﬂf@d‘%ﬁ%ﬁ% £ARbf ARb&ERRSA8A] tiBnisGon lmes FIG.

eased since a er recycl e rate can be used

4A Islm‘wsrtbe axfoes fopegrinhy év@rrey waiblegnreafiecied hightayithalagk At
rep}esenﬁ{lgagf{o% ({ ?ﬁft?a%%ﬁggn fles! BRS. blpt BORS tHeRMRe topography

ow ng exanples illTustrate i nportant
of thestmerapmy o FiChdAi visiblnir wansipiited dighs witht bright spotscd et r ued

1llualéqatlﬂga§riogc%% tc%%)g? ﬁgmfg%oﬁ F Ei@e m(:‘g?(xgw?]%e sﬁrféc% topography
of the@idysds |accam@dslmmmheeeﬂm lghmm[@,t#dmndthearansmlm‘:@h@t

S zation process flo hene S| /
Ry R e L R S R
nar@¥@leobxiItAGQHBsibS it SblFAG oA asd HIS0 4B FTas trarGhitteddighi n

stream 152, from which isobutyl ene and i sobutane have

been renoved, was fed to a surge tank 154 for a feed
punp 156. The punp 156 conveyed the fresh CAfeed,

whi ch was conbined with a 1-butene isonerization

reactor effluent stream 158 in stream 160, into a

1-butene splitter 162. 1-Butene was renoved fromthe

top of the splitter 162 in stream 164. The top stream

164 was condensed in a condenser 156, fed to a tank

157, and separated into a 1-butene product stream 160

and a recycle stream 163, both of which were conveyed

by a punpl64. The 2-butene was renoved fromthe
splltter 162 as bottons in strean1165 Strean1166 was

o I Y a1 - . A NN
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stream 170. Recycle stream 170 was conveyed by punp
172 through a heat exchanger 174 and to a 1-butene

womapézat i on section 180 i n whi ch 2-but ene WRET/US2006/032452

converted to 1-butene. The reactor effluent stream 158

WRSERTRIAaE) Wiith fussshnd 8S£f floqdncpand WhldngthfifdeFendent
reInstreamr(?GO % elprg%§§snhad a 9896utlllzat|on of
trangpoipsia. but enes in the fresh feed, i.e. 90% of the

1- butene and 2-butene in the fresh feed was reacted.

ThehCRmBR3IeldbRaa sir@¢tulehsr tﬁ@g‘ésenﬂy ﬁﬁblﬁied&ﬁﬁomtﬂege can be
streans for the process of

usocllotreosh e ks arae sheepab iAbes STEIaLEa |k e cels

coul %{Uﬁ%%oﬁ §11§Jé@%hdu@top_§’}§?&ﬁlcéd in HRBs RARGS §§nd§$ale coaxial cores.
arative Exa - was repeated with the exceggron

FIGt heliowd owrst sections wemorf A embadiment pEBAROHAIF o8 Sofef
havgél %1? ?tg:l n%ttt E&ﬂmtérg%nd f h@ﬁb]‘é’ﬁ‘r’la@ﬁ "ﬁﬁ%ﬁéﬂrﬁ@ﬁ Rhdhictors are not

ave en renoved, was heated I'n a heat
ahgmdohﬁngmethS Bdjacedt qraduaters Newsieeti condurtorscap bgjused with any

rans %é L Qnil-S PR rRUt anes in a
hig %f ﬁ Ven reaﬁgg ﬁ?hen@2%§%¥atezstreaﬁr257 was

renoved frontthesystentas a purge stream_ The purrfred
C4 Angsdmple 08 aen-stBtEhiveendaesptsicarebP GAFRoR nanofulss ey by

thermtafr)gg H (gl%é{l&p V{lp%ﬁ ﬁ%@smﬁﬁ)&le%ﬂfg iﬁ“%t:ﬁt?fé@gié goslltdlﬁct:t{ng{omzdﬁbze

theanhemmahpmsltt—cm@wg wWithrapptoprite eqjmccp@lpq@gtoé desired bandgans and
b d Honls

evexbtﬁ%}b &alh%e%rl.ct) ﬁgﬁ,%g ﬁ{e%%aﬂgl@q‘u@'ﬁﬁ% i 55111{15%%% tﬂ CH n t}%ght

owin Tab
cond)ubﬁfraNonmmg]ﬁtlcahdmwlrﬂmﬂemahldoaﬁtd with $@@90®QW)} 8@"8 180b,

s RERB ek AR iRl e b A A el

are EXMERNMINTa SRRORT adhexitiy madinmr 494s 2. seoppadtive gaing or

whol e_or i No., DAADIG- 02- G- 7
polyci Mg ip P R PaEH e T ehE fn AOet
phofdV¥RAI O fBREialFe 1§(&lbb§teﬂ if the dpSofithis ithJEturen VERh, mcorﬂl EL D
The enbodi ment s sclosegﬁhereln rel.ate tolthe)1 L h
trangparests FeRdugiAk ey | R S OF oty RPYBLRE PRSI %spp
firsT @GPl £djdchitlty pioBruding @@ﬁ@ﬁﬁllﬂ&n@ﬁlﬁbvﬁﬁh@dﬁ)véltﬂic layer

sol ar conversi on usi ng nanos conetal structures
170, G aenrgmBLzr 41 A eD B AR et e ARaeR R R e
the t%luﬁi% k&tibR 105 hakPhe QcoRPEdreat 17416 ﬁrta@tdrﬁaalwmetdlum 145.
tter structure into units of submave 5%@9
In api embbd@em, ghiennagpations ewld be neelisd: éaftslﬁ SH randomly
tllt&lu 200 e I;f/g”tﬁi n'oH s@:ﬁ%ﬁt%ﬁa 1dn8SHR PoSiElb:RA nahicsBalas

ograp density optical "data storage,
coa[&tabtrmsimms tinss voruldy Iﬁmmﬂit’ énpreyagaliectiop|efficiqnsy py capturing
%Eﬂi 14 qogification with
ﬂwlm@ﬁ%@%ﬁ%%B aﬁ?e @ﬂwiégo %ﬁ?on r{'ocal i near and
nonl i near spectroscopy of biological and solid- staé
st rin@ngmbedimguiasemieandbstprs hpvips & requ‘%?ﬁti&ﬁw are used inside the
t AR S Yrftlon G Ehky CBBdP Bhatching the
nmﬁ ves%ﬁ%SEQRmtéﬂmg agmgteq?ﬁn0|t9 %o I ar aehne
senptmtdomﬂ taadgap vaﬂdnasnlheahotqrs@ew, Yiplds mttryvedﬁtwrglé KenypEsion
ol ar cel | L&6 0 h@gdg ted
ofFg iy ofdnosSeiE lhctRey soiR B 0K Bl ol FRAR B2 b
alofigthenintenalrogyductor in aipadled cénfignmatisn (FhE e@Omr ajserial pp@'@u@tlon

h g ffici sol ar cells. ¢ ' nly
Qe ﬁi} b Sk AT b SRe Bl iRkbfe SPsR ¢ c%%ﬁé@éfé?%egle

aperture-area efficiency (AAE) of about 10 - 28% and
nodul es with average AAE of about 17% In
resear ch- grade nultljunctleﬁ concentrators,
efficiencies as high as about 39% have been report ed.
These are based on crystalline sem conductors, which
are expensive. For standard crystalline silicon (c-Si)
PV technol ogy, not only is the material cost some 50%
hi gher than that of thin filmfornms, but the cost for
|nstaIIat|on |s hrgh conpared to erxrbIe substrate
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The fundanental physics behind | ow efficiency of
i nexpensive cells is directly related to the

wdi2dd7iieul7sy i n assuring simultaneously hi gh phetoms2006/032452

absorption and charge collection efficiencies. This
hav1fx§ ﬁ‘.ll%ﬂtfla%/er'eﬁgﬂwtﬁ}@ o?&l?@}eﬁ%ﬁeg’eﬁ) sEﬁ%hdu%f@sﬂI@a ofgob BRanged in
i’nci dent on a sol ar cell and the el ectrons and
paraﬂdl leout. i [H6r 6B spwisyy ftqnéperrmee%@c\ﬂ% Af aanpseale cppgM solgr ¢ai
havﬁlﬁ S}uﬁﬁ?j %\g%{rﬁcﬁﬁr‘é oP &i@efe‘ﬁf‘%@%@r sefﬁ%ﬁ&dcﬁu'rs 18-5Q afgobS180t he

ic materia enough to absorb
arrangu:l it segiak layduh $dm90¢11drl¢tpk§ﬂlaﬂhg)tik§f¢se)ﬁ bapdgaps KSR EGH t o
e
ofriGig gagior SR pSEER P 1 RIS s OF Rl Rd RS AREbe
bettrahdtche)l whih thesemaoudstedandgaps her nore, for a-Si - based

solar cells, the stabilized efficiency is typically

ab%h% é]h?b/ dkn? o bR tPIel gc?rH ten@d ¥Rk W6 S IHR nanoscale

uced 'netasta ect creation, known as the
coaﬁalaselat mll tV\bnimsda@ plefmectlec(tlsm@ﬁcwmy LFIGSY éi@b‘{sérfmé'hd CR.
perngcgle/ﬁ g}ea' eof E&l\ér&e?{ﬁgag%éo%%?gﬁ]ﬁ%%ﬁ éﬁtﬁ %e%ﬁ{éﬂﬁ ﬁ]l 135 exten?mg
frond4 top2n2 oPhé nérib@c?a?@ coalebsetdr ngjl.t Fre qomeoka‘telsb%aml conical

corru ti ce of t
sectssInE R AGh el g EaREpGistE ntrbfUEl phth |
con&ﬁi@hl The/ccnbéhtatof ess i@ hprrodhtemha, andi ccmkéha@wam of shapes
controlled b and tails of t
knogpdp the gHerawa eéfqlljg ology arf, The goneentra {(}(r:tl 5y Say laadg gl%ages including
but Bt lﬁﬁteurt@barﬂidﬁ@zﬂ@%[opea' b&ll&br’r straiighit; ednichl We)lllsr:te rsmnliar ahapes
fundanment al_ praobl em for_all non-cr

I g TR A A e S et S R
h1gl§l§ B&{&E@s@ rérial BERdinEbubdot Hfdite@td LAkl mbal ﬂmyuﬁlglﬁ:ly doged

solar cells u5|n% optical rectenpas hawgtﬂs c%t tor 185
semdgonflpcier) ganguctivep &lﬁﬁreaﬁdr?&ler senguctyve gater p pencentrator
cou%%tlﬁtgﬁﬁllﬁaﬁ%f tHe oluEEWc&ﬂ%EtiveR@iéﬁﬂi da¥h ndtidbdalewaht. EThe

car bon nanot ubes Eé were reported to bigﬁve |IkF
conogntiatoa ll 8 et hecs attmnep mlwdéﬁ@r%tﬁlaﬁg Hettor,pidhgpaposcale

! e 5§ § Yl @Bngrer e
congy B e e ot
condmtﬂnmﬂlum‘that odlxiwenths sunfase Ph famisandictarcaatsdy cost

hd SEAh&RBAUCIJaXi8l
n"moscke)‘se tcrO a 1alsc8% ﬁ)t ‘%éeht%ﬁnest g%?]?sglh}é 08 | asma- enhanc egl oo
asﬂb@ﬂhﬁEK}QEpor deposition (PECVD) nethod w thout using
expensi ve and tinme-consum ng state-of-the-art
tech %Ith%glo?ﬁalbrléag‘ﬁ? a§§la +eﬂ%‘bfnﬂ3ﬂse@ %@amng b shiaeh@ Wiﬁh a dézﬁl'lﬁi&
are unscal a i nevi tably being used nost
ma‘@tlbﬂe peXpEa mmamalof aqsz@ro@@n@bes a3 intprinal cpreg Pﬁnanw@ coaxial
& REWHHCA GgovRitai
il e PrE S SR ok SOuE PR p PSR R Rl
filnaypa fifl tng svithracnetellib o dfuor thatolets the plmtesiokpis rﬁlru of thg nanoscale
n%ﬁgs al e conetal structures is disclosed herein. The
co P8t structures may be coaxial or coplanar.
According to aspects illustrated herein, there is
proAnﬁmdwaeﬂﬂﬂ@kﬁ&h@dbpﬂﬂméwapp@daﬂmgmﬁﬁﬁﬂw@@uﬁﬁﬁébdow
sol.ar Si Ll
or S fpifeds: BTRIHSHRAE, ALULR bl o Ol BARIRIADTA AR
withee@alyed martiwee.s., Nifbyray saitabist te¢hnigue dnotwdingtbot net hichitgd to wet

d el ect condu

chirF prat Bt JEF SRR o E B Bl o ARBELTna
conprising a plurality of nanoscal e coaxial structures
each conprising an electriﬁzlly conducting core
contacting a photovoltaic terial and coated with an
outer electrical conductor |ayer. According to aspects
illustrated herein, there is provided a sol ar cel
conprising a plurality of nanoscal e copl anar
structures each conprising a photovoltaic |ayer
| ocated between a first electrically conducting |ayer
and a second electrlcally conductlng Iayer mhereln

o s " o o N R
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enbodi nrents. FIG 1A shows a schematic view of a
plurality of nanoscal e coaxial conetal solar cell

wanbdars2ef7st he di scl osed enbodi nents enbedded i BRCT/US2006/032452

conductive matrix. FIG 1B shows a top view of a

mmlﬁ?‘fé@ﬁﬁ%le@ TRPYdRised Qlbdkat€ Blused ol & cAlyld gowihAf chibba 2A
and FI G 2C each show a.sch c vie and
nanoiyheppr W;Pthﬁif aiifable nangreds LR iEes@s iifsras CP‘?Jé‘ﬁ@Fﬁa& cgHs of

nandsi:]ﬂéaccgﬂial il PHOGoRMh GthIRRABuBEY Rf |Be B&ftﬂinecbsy afyl G 2A
ows a schemati c view and_ an exe Vview qf an

apprapriagnischriguetieptuding oY Dips PEEVE andsing q'éeéh } grawing
of th¥ 'ngl‘%tﬁ\%g tﬁ?reﬁ?ﬁﬁﬂ? Ysed 's@rﬂc@gf Rae s@ds’tr&@ 64, habRefrec of
after

nanot ube’ ng with a photovoltaic materi al
nandEit@s/nAOVEeNS omdlqute fatricate me@bo@ﬁalt%la@s@ﬁweal? {hegbsifate

and H’ﬁ O?OV o(%r{dgptgld 'ﬁmt%ﬁ hen aTlﬁ?JkgrgﬂéBecaﬂiaE E6at&OA NhoMvbllaidlayer

alrc materi an outer conductor nmaterial.
by an' itaBlesévhnmuae. €V eloftrarehvodesh Hepogitianjand similar techniques),

| ium
R
showld B&/\mﬂecteﬁ aad poaessidig obtaict wol wnﬂurgo@n@géaemmhe nigftat]ic
I
medm&qﬁ%’s {)l?tgrncg) chcisf gﬁ hle Cr)lnno\gca e coa %‘hg {ng&hl% n%%ﬂﬁ’l% Eale

e viewe a Sscannl

dep@lite@b)” oy doh ean€isitad pehnidiee. g&(ﬁra&h{g\j\pauatmgewm gyitlng, CVD,
i spersive. x-r ascopy (EDS) analysis of the

y.spe

eVaRf’ 8P iPEotn SH’é‘?aé ge‘cprh'ing\‘esl ayers showi ng
concentration mapping for silicon (Si), chromum (Cr),
andha btesenly ahis¢laked. enfBb@med B gehwally rmlatsrto ¢hs useof nappsghle

contoldtngninnpafis (ief BHIRER ahaGRRL Rt foftfayf® e ) L0
nanése8ld bptics@ppafitid i almv.ﬁmhﬁdtioﬁﬁnhﬁo mﬁpcsltw\imatbaallm'cl}]lh ofaas

transmtted thro a r n
meqIig AT PRURHOP PTELS 2p EEOUR) SRBRETERE ety S Hndcal
chatRRA 8 RMih a%ofob@lta&f fhatgriai S,lnbﬂrﬁy bflnefnefoldepd:nedatb itghbetallic

ﬁlmtvgh%)ﬁggﬁ%é ;,hg:ﬁ?c;f Sﬁé{ gcrlr?m%&qlta . o%rgﬁ lg %alclf}gr?)g%gas a protruding

porfiARBATRRAYs 1R Poﬂcﬂ?su?ﬁé@of@l‘ié IﬂMaFﬁS filith @nd dhfenvbedilddl portion that is
transmtted ht with bright spots of the ble of
within thermataltic A, ﬁ@@@&ﬁl@g @6‘5‘?’(‘ 8F1s 85 HpARiRRENRHAdjisagable o
Wend MG1SHbhAGRHE ARRAbAM Yl flagueaty. dfheas a
r“ﬂ‘r%%rgqﬁt@%% ind diRISHOMAGRGE AN i ght i&' G 4% St he
emhedéndsmwwwas ghenosrlegoayip) transmission lingGyld-) and plisws for
proﬁ %8{1% eYdaﬂ/é{d%{mmﬁﬁ’ a %L&er&%c@édlﬁqh@%erﬁe%ﬁ cllapavi ng
t conducting lines and a flexible
mnnmﬂmmxﬁEmenﬁﬂdshoms a front perspective view of a
nanoscal e coaxial solar cell having multilayered
str Riths AR BGHRAAS R NE UkhIbrS eAlianad @Reld
|nr%%?gf§%@gog§%gﬁk'F4%3 6B shgmsﬁ% front Eé}gpé%tlve
up tpiabontd’ Gmem lds erreofcapsingl arnaswliennas afith npag/-hl egbedded na
dR%%ﬁGﬁpTh t
LU LM o8 o aadsnp e o
are aaﬁabkenjfrq@ewmgaod trwnmtleg\ﬁl@ﬁrcanagaﬁb‘sre iptéoncap BRivisiblg o) ar
conc f t ol
fe st e sArERLERbEE b St B Ao CATRIHE B B
tunsaling rasﬁteneamnnragwemfthaelnarudss:eﬂ the nquoi G, apbhpaprgsidesmt

o BB A e R BRLER 55 Rt

metallic film known as an optical nano-antenna, and a
portion that is enbedded within the netallic film
known as a nanoscal e coaxi transm ssion line. FIG
9A shows a three-dinmensional configuration of a
nanoscal e optics apparatus in accordance with the
presently disclosed enbodi nents. FIG 9B shows a
scanni ng el ectron m croscope (SEM image of the

nanor ods used in the nanoscal e optics apparatus of

FIG 9A FIG 9C shows a transm ssion opti cal

m croscope |mage of the nanoscal e opt| cs apparat us of
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presently disclosed enbodi nents. FIG 14 shows a
perspective view of a parallel coplanar wavegui de.

weh@7/12e17shows a perspective view of a nul ti-| agEMUS2006/032452

paral | el copl anar wavegui de. FIG 16 shows a
curré® g§@)eﬁﬂt'a PiEPortydeddo Baue ¢188s of officRhindlawegsti de.

ows a per spective w.of an a trar a
rectapopice v Hg BT RIErEsHEn Oh S in, Bonhk [ S o
not l%nﬁ@'i%stﬁ@bs%a%%hﬁ|caﬁa@itﬁkeﬁﬁét'mdk@ﬂie"b@n@enﬂoﬁhl fupet i on.

shows a perspective view of a nanoscal e

rectifioation anefBeipry if nef] lmpiaﬁaxbiengt the light fraqyepdes i on. FIG 20
shows a perspective view of a nanoscal e copl anar sol ar
cekig. RA%bREa &chRmBtid AGE bmanbdce optids appitas 800 synthesized in

perspective view of a nanoscal e pl anar sol ar cel
accoimapmnaﬂi@ reseniieslopghemimdtmenss; IR GAEDSEEIS PRI GRRRHY

100 flad} g%k ﬁeﬁtﬁﬁlr@ﬁ@r}dsgl@b Hat p&letrate WketAlid fllen 140 through
%ove identif drawi ngs set forth presentl

cylintirival cherwelselél éfdiiewirh & PhepYRICARASBEA Atiht oA pioRdsIZ0 has an
opti%ff DA BhE F10 A8t @l Llﬁilgf FrBim B8, S BGTMARetalFE Kifin, and a

1oosur e prese ustrative enbodi nents by of
nancrseq:lc el Eramsunssmndmn EETL) I that isﬁmbeml@%théﬂﬁ@imc film.
nodi fi cations and enbodi nents can be devi sed by those

skighd; &k #H(BVJS 'a%m@é Em’/@ﬂblgﬁhl ilﬁ‘dgle ofth biNidstfubRreSoaRguraish of a

spirit of the rinC|Bpes of the presently disclosed
nanexilo dptins apBAratHEZ0R) sy DRSORIPTRENE THE thnbeuibiposed

emb%dhc’n LRS K BRESLTD e&?eln@ling %}%na Bénetdifd SinPI 40901 AmafhSitehhas
conversi on usi ng nanos e Opt [ CS, and nore

llOp@p&bl@dﬂlacdlyng ancrtranaipitiinzaneiscpdagnstinediation atdhs wpible

frqug}%ve% r ICOIIQC i g ﬁgl{e ﬁg‘c(i‘féai SHAPEY a%thgt)% T bf HG] S 3ntefhad 2h @i

cts or a s sol ar energy
corrfpmésddombeian(&cd)mecl&oheésr ofelmeqogyial tranemiskien tingsdeables) Hoaand is

sub%g\ﬁ%@gg?(gornpg%g%a(? cheFrglt&:@e 'Ifté@?@o?‘ie Jl ddf't}?ﬁaﬁlhﬂsg' the nano-

antehfe 1 10 depiteintg Tief nanbhitemsms at Gepassedl thedirdedoalicharattpristics of

varioys aspects .an chara teris of t tly
CO“&‘?“@EP% agign By tpicon ‘Plé*’rl e P‘i‘% g“{l TRy g’PﬁIS%S glgr bon
nanBRAR LPHE appard@s 20(iAete visibia fieydeney rangs The panventadil cardal

used i nterchange ferred.to
cablen B gy a s arcieac ek pirneES Shedi i ieals spaip!
cabﬁ? @}'5 is P the @B QBﬁ{a% § cWtUTEfRBTE Insdoneaptiadl eavepddes), i.e. the
[ionth o ter). As referred .to herein,
nan@wth@IWblﬁl léallawﬁorrpa?maﬁiweso r ‘j‘ WHEeRER one
exc REF éﬁﬁﬁicufaﬁg Hinfedlsibist ‘Ph@piﬁ'ﬁy st Bl@ing thOpabk@te@btield
car bon nanotu es” (DWCNTs) i ncl ude tmgﬁara phene sheet%

cables 1 painghe eanoscairopprlmarnruﬁ ROGvis It Phenaelamd spRPiEssIBF PP
radﬁﬁgrpfnt(gthg 80)‘??19&1‘ Ega@?ﬁet@&% thdilelral Wa dx@sndl BlcBifdlies. The degree

nanot u referred to herein,

of this icpmbrsssiary en b astiredtedtas Zokaiss 4 inehed Arigrma caftsetprydiation
I ncl ude netu
fofng lat PR apRCLE S el o filiion derd SHEbCymo Ry

trarﬁ;&ﬂr@tl uihe ﬁlea:ba}tldﬂeranﬂmsmn lm&swh@é Etrcomdresf’@S Inéo a1 aica CNTs

ar ned" wherein the I d { )
o TR WU TR RGeS fish e Sl ) By
em lgyigg ﬂﬁi{dr@dsl 1%0 mal rhdths 40 500 eanan@hqgerperpémlaeérer red to
erern, a "tubule” is an individual CNT. The term
“|i near CNTs" as used herein, refers to CNTs that do
not contain branches originating fromthe surface of
i ndi vi dual CNT tubules along their |inear axes. The
term"array" as used herei refers to a plurality of
CNT tubules that are attac ed to a substrate nateri al
proximally to one another. As referred to herein, a
"nanoscal e coaxial line" refers to a nanoscal e coaxi al
Wi re, which includes a plurality of concentric |ayers.
In an enbodi ment, the nanoscal e coaxial |ine has three
concentric |layers: an internal conductor, a
photovoltaic coating around the core, and an outer

o, ——w o
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wavel engt h-i ndependent and happens in transverse
el ectromagnetic (TEM node. As referred to herein,

woORo@Enswviesse el ectromagnetic (TEM" refers to RAT/US2006/032452

el ectromagneti c node in a transm ssion line for which

dim8RA R D 907?»: &6t ?b&er%@ﬁtpm&ﬁﬁaét& drite) t8eraF€everal hundreds in
per pendi cul ar to the direction of propagation. Cther

the yigiblgirasige ivhegEllei ncl ude but are not limted to
transverse electric (TE), in which only the electric
fi ghdelbSriPREIRGNSHGHE &axtaPlideRRriel d5€Ch, lvﬂ{éreofo 1s the rad1a1
propagati on, and transverse magnetic (TM, ch
distamat §romitlee eeatgneanil ¢hus e o hasleyeryparel fs giah rilbcanhe 5 Shown, that
f pr t
the g%cglc 161? enh%{l?egrheglf I%g{nhe?r)g{er ﬁfsﬂ. /215; ﬁﬁﬁg’%g 1nsyoq ttﬁrégfrll‘gr?lf %lﬁ)ut one
hund¥ed &l the Visidlesahdecn themaadrod2200yittor ~ it Anedditieraalfamatic

I f t al t t '
el Bosropenp b b ed hy faitd Rjope 22 ‘P@E%l“?%B@W‘dﬁ%a‘mM“
in tHeAbhge o bgdrativule.§. @o)d ormﬂbdrathlmuiatfoﬁ’déhovw thatrtheré-es)an add1t1onal
rut heni um ( Ru) odlum

resch ST AN kw faptor oy high ahéscTib sf o P‘a%ﬁ%) Yo GW‘&“
total ﬁc%@@ﬂﬂah&ﬂaeﬁ?@aﬁ'be%@ﬁ@éfeﬂfi@ﬁe d3ihgdbeds 10No)107, land edrefore high

enbodi nent, the catalytic transjtion netal
enopghdn trigeey nonfipeas RrosagseHintkeRh Otov?ﬂéa“‘c%ﬂ'a? sl ?"\%Ep%@%??
the H&‘r@& Tvﬁ%ﬁr oLotBe %&%lﬁecﬂé}&}ro é%neﬁ@&fb?gye d‘oﬁlmsfiﬁé Gereffedt,
catalytic transition netal al can be an
considernshadesirenhanceendof &', achiexptde wif §he p&aswpwnﬂqreds 220. The
tran 2
cork RGP P Py PRSI 01 A e

I on neta
abolX0P Lif®s Qﬁal&r thah ﬂiaybﬂ actypical hesert podmienBuchl fickd intg:ysmes are

ncl u re. not t.e to ckel /gold (Ni/Au)
suffigiqny ip CaH?e&ééeTl?E‘mSB‘Pﬁ‘ &Pﬁn% (fG? 200, i ron/ chroni um
(Fe/Cr) alloy, and a cobaltllron (Cb/Fe) all oy. The
t erATE. YB snetsuesning darommiceasscdpe imagoshowing the relative

o PSS SN SREILLR, Ha PSR it

the ﬁéﬂoﬁ@ﬂd dptics sfparatds@00BFET. I9é‘.|sh&t/sr alcdnsméssioh alecingn 1sicraseqpy

1ma|ggﬁﬁ@e gz;]n%ré(? %%fﬁé%?@g I ﬁf_}lfa {)%eirbtggltngr?o@ aé%v gerc%: %) Aratus
200 dF FRG A, Galy tH@ﬁ)p\hﬁHE)EthB mg{dsgalesgpmmpmmmu oias! etelsedaiueng
enerated the sizes aﬁgiﬁt di nS|

S
fabiigig T otea vt e T Ul sl e SRl 8% having
trarﬁﬁ?&QdQ%ht HPREA ifkaP BarshiiRidn obfbaQﬂE.ro@éﬁ&ﬁmge o KGup@s of

C en1ca|s are dissociated at high tenperature (for

ViR et Serpan drdioe fon dotineb piSragepiisE Hobeafls
1001I @m@ﬁ I Qerofiurd n@@n{@&e@ o5 b gamubgnraee ty@icalljﬂ at@\tm):knm oth

the rest punped % of thods |n H
abayiiL5 bihe Arsiectes figigassiogeats ml%fg%?ameﬁ FrstaL O BRIl

ele&ﬁﬁ%osﬁ&p&ﬁé e Qﬁron{uErE%@ folloﬁ&i byf dattRABRhotEHRaIbWH| as_ shown

vapor deposition” ynchrotron radi

i 0

in stepeAiand . Plapor e@l@p@é. SHER vemémsltIOA&Plﬁ%YQP agedls ofeh e

chxjaﬁﬁtﬁ'n# Dyer?ds shBRh if@p 81 Bfplal PE@‘V BlistslaBo@ M hour. A photovoltaic
gnagnetlc rad)atlon pul se including gamma rays,

(orXemiysiuctoh)materiad Kot examphet SOy ivdietsl (< Kis@his sPPYFTeciore®e

subgh%‘g,?% \7%%' Ogﬁﬁs"e@gﬁ’ p&%{%@m JeEOgélM: th&#ﬁles M

background radi ati on and ot her forns of radlatlon of
the el ectromagnetic spectrum The presently discl osed
enbodi nents generally reIaEg to the use of nanoscal e
conetal lines to fabricate nanoscal e optics
apparatus. The nanoscal e optics apparatus is a

mul ti functi onal nanoconposite material nmade of a
netallic filmhaving a top surface and a bottom
surface and a plurality of cometal structures. The
nanoscal e coaxial line conprises a netallic cylinder,
f|IIed mnth a photovoltalc naterlal and haV|ng a
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range from about 1 run to about a few thousand

nanoneters. The two primary exanples of a nanoscal e
woaowiiad17st ruct ure are a nanoscal e coaxi al w r eCaNS2@6/032452

nanoscal e copl anar transm ssion |line. Both of these
mat&gpﬁgf‘he ShdetFaly RteriaNfyinakispeeifte hition af reqairel Wamabl e

transmtting waves via the TEM node, i nclgﬁé P‘ fih
applicatiersofilkroweossaly oPdtrgPRayas BdsyHH bp aiithindhe $9Be Aret spftit of the

presg‘lﬁg/%s%ks% | RALAGEE ST )ﬁ)icaﬁ*y thehBIRIBiEMBEERal is coated to yield a

pagat1 on Finite g\t h cometal structures enable
thlclstewmflahtgit\l\m/@g Adwroingtis then spagierad fAlwed BY FRiR-GPALIng

poly{r}oghé/ﬂr?etggcgjlgg §] %ﬂh Salgﬁé;? D52 NH0°C TSCABoWRNGRin! AGhoe

he visible spectrum that is, from
in stejpeed ankdt7e a‘\ypmblet, abcbeﬂ(msem of plominuE0ie spriteedd Imyed: 400

elecE& mhcl% ek}:__.\% nffr tﬁg ﬁgm IB?lt l\éﬁez Bré iss p‘]&E ofgtgg néﬁo‘r&@q 28Rout

i clency I ng t he external
accdngsisiadi aDabcmo2i fnén motbelt@D‘V(dﬂzS@@,t‘ltﬁ\éQardelp enenpderp plptum

elec%g%eas é;(a_)%% esr %{e{rﬁfet ani th%g%gﬁ§ﬂ zlalggfj?le Ofm AP GRS,

res, anar structures
resuRi@wa Jusﬂhﬁlpﬁﬁmnlﬂvﬁl@ tranmhlﬂ@l-l&ht, agap irethc transpygssion electron
radi ati on without any arrangenents, even for the
micfos¢qPy MBf&ct r ode separations nuch smaller than the
wavel ength. In other structures, such as the nanoscal e
co@tGaloBl shows amdlteaatise geted fs naking thenaneseale foptics apparatus

T e

aboGNBNAE! A bdediithickimb bvatajienrahditon meblyfireramply eiChﬂgtSh

e St SoAMTBCS Oy FLARTE8L ) BTy v
in stEPE2 PEES EMhdnh dhhck® Slﬁuﬁalfbﬂﬁb'r depotition (RECEHB)GS used to etch the

harvesting efficienci g
s g i T B0 AR P By
(or Hs'ﬂh&orfdﬂ&!n‘)’ ma%apﬁfw%ﬁlte SNawhéb odane @) isephatead dnohea

nanoscal e’ coaxial line filled with a
subgttnte, evgiowaiit step §/Ehase diilled in v artevillpecognirs hat e sppttered

¥ 69kbe
bR St LS Rt ha Lt aesde sl
applieasion e§the nanasédi¢ optisn tapmmv@né stghbq within dleseencid pejrigof the
pregegg& alg?loseﬁ e}nlB difl@RAS %zé gahﬁfolﬁé hﬁ’otoﬁﬂ@i@ %arf@m is cbited to yleld a

ry yi el arvesting efficiency fo
th1dkﬁésh obhmmr(m rmndAhxhamgmsalaﬁanP@tesedmﬁmﬁhs eogted ugstrate, as

f.i ci ent on e th t
et 8 BT SRR TR el Sl o mapabl o
the MBtRuIRE M@ réthoved by @oKshirgn dn step &Mtrechhmgial qzthlongmf the

harvestin and € nano e coax
alu@énugh]qur)og lthzf&g)s gﬁ,ﬁ"elnaléo%%é%b 1snacaon&phsk at Fgou%gwn fbout
20%IHIBOL A0V, %mﬁ@ﬁyﬁfoﬁé,mgalatﬂi@hm&mmdetaebdfthd)deand ext er nal
el ectrodes. The coaxial line allows for subwavel ength

o1 oREP Bh@ve iR Srsfulifiok A sbfRERFEaCH HERRs

12mh@ﬂ51b}%&‘&qﬁd'maﬁ retn@ﬁ Bah)thepoldiafios howell ex) gtemanp-pitonrta

hanmperi ng t he | i 0 anos.cal
et P sk i oo e IR s LPRREREE hrythfan
extCRRMEYihiG it REledibd/bdmeled 6y aﬁ&rﬁﬁbdloaﬁi@l eftniagorodsdi 281 lnmmellent
and so _yields high harvesting effici enc for

asrgpBa Mt angmRhs e Ehgr PHB SO FhowS TS Sipoghel geos
enbodi nents work with any transm ssion |ine capable of
transverse el ectromagnetic (TEM transmission. Such
lines include, but are not2L|n1ted to, the coaxia
transmssion line (i.e., a“toaxial line with a single
core), the multi-core coaxial transm ssion |ine
(rmulti-core coax), such as shown in FIG 12B, view 41,
a stripline, and a coplanar line. A stripline is a
transmi ssion |line having two flat parallel netallic
el ectrodes (strips), separated by a filmof a
photovoltaic The mndth L of each eIectrode IS Iarger

-, . o o ' — o o,
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sem conduct or band gap, m nim zi ng phonon | osses, and
further inproving efficiency FIG | A shows a schematic

weoi2enw1e6178 nanoscal e optics apparatus 100 incl pATAG2@6/032452
plurality of nanoscal e coaxial structures. The

radlﬁﬁﬁ%@ieﬁ £.0R% hdkiniid RCK WetelifCArisiRSdea The Dbk Aight image in
conduct or 120 wth an i rrtg edance- nat cheg{ Ht enna ])zﬂo

FIGghlgshawe amitnage of the saple 1118 intgrirense wplors (HomHeft BvihDAug to

gradﬁgﬁ}eéﬂaﬂélné BhoroiNe 0 NGRS ClHe SoveR brighSimARPRAFAGUS] shoWss kife

supported by a substrate 190. The internal conductor
scanhy edsetrem okicrossoRithagh el thampsrods 2¢oaxi al structure

form ng the optical nano-antenna 110. An outer

CORGHCIAl shbRPa 'vﬁ1b§’€‘mfé§é 6f DskkticiOsHtal nafosedle bftees @p@xataﬂ 100
section 115. A plurality of nanoscal e cgam al

madstin erspieds WiFlche psEad disF 5o SEBRMTED Sy DREATPIGTLiAd S have
beer hﬁn{‘éﬁ@éﬂ ﬁemﬁl’ﬁ eéi SHAGEM LSer B iHI R ech B RQBIEAL B guided

coaxl a ar cel he nanoscal e optics apparatus |s
throgrglithe inanca€ oy’ ulénE@cmmw nape-Clleldd it fujrodndsd |bés gegren halo.

SmaﬁﬁF%@lﬁﬁﬂ‘%&sgg %s@tfl@ aFICF @E@H&&/@t‘he msﬁaﬁﬂl i HM close-up

ore metals for t er nal

(topGOﬂm)ulﬂthﬂrnwnb@ted aieHCbGifL%\l lé Nero-Cil hinpaabiert3d ang apmpbgy 47 are
smgne Pcﬁ\‘r wh?]%r ?896#1% nR4 Hllﬂﬁlz%g'g fafe Jo{lf'i’ih BSbi] Wﬁnﬁﬁ@lrﬁnﬁﬁcﬁ as

al um'n romum (Cr); netal
conﬂ:lrﬂsﬁwsCN"é core, ®htail |wI1th§$ ledatzd|copfalydnsiie aNy)indticahfamgd num
Al I\/h/ Zn.
pen?tmtlélg A% ?Al gim % #1528 Sp lge ﬁﬁ ﬁ*#) sg aRcJ-:sy H(?ﬁel rﬁogt% uc":[‘t fé?n% :che Al
walBAG seé&nih FmetlaBsth(e mrtga;b s mudhhhlm l(s m(hgh)ythan@b walpedergth of

the ?aglgagﬁ %5(%“%? rr]lglt;?g?x ia]ilﬂ ?06 6‘?’13& u%Ehe nél%w etlenlﬁ,dhhl Actlon of

theﬁ&fbd@mhﬁbgaeeiaﬂmdrﬁiraed(nom in the art and be within
the spirit and scope of the presently discl osed

odi ne hot oy,

gag b e e e e RACSEIE: GrBEonhs HERa ol RRT

shoﬁzﬂe@FrGJ 8. Ehamhmﬁ:trm‘ m;ehekcmmlb bmm:orrmnrmhnahstm nalod(dH,s
but are_ not on ( um 1 j de

(hPEBFET AA gL PR BSSERPEb L ¢ el oy Bof, e
tunfd1HE N AmineRdSince qermmnnmmﬁeﬂﬁa alweys(di rHeaise ple@aﬂ,e Udﬁthe

i ndi um antl nide (1nSh ead, telluride Hg‘ %‘gg) I ni -
eleqtzorptunge! diom (e NORS $§ e§tr?d§ Sf'he PRypyslipic
(selﬁm)ﬁﬂjcﬂ@ycﬁﬂ rdiRcd Sl bets St tﬁﬁ aehEphotovalise intdriicesalhlis will

simlar materials knovvnt t hose s Iedlnthﬁfalé
elinrinate gy ehstas|aceeulstiondn thyp Botgugiiaise llffr'b‘ést‘&’illlf?"ﬂ% ie
indbRQbhfbnafy fﬁﬁ%ﬂ%ﬁﬂu tuRicBiBa fill cIPOERS.CORIsclas@adiatidn 620

pol ycrystal i ne (periodic arrangenent of at(%gso in

enti Greageefilts 2z p nansraniernp preseat (3d pmarare
sufﬁi E@pﬂg&? 'ﬁEld%n %%@Fthle RinABIE e & RRIgGn ﬁé‘g@h@é chard@@S&mulation

recogni ze that th
on thieouBy dmtmdes fﬂa@ wnpralectragesisan be epapeqiesk m?Yléuns theowkively
a band gap so as to inprove the
Chatr%?cl))r%‘% ge%%hﬁgl ight in the visible spectrum The

phot ovoI taic material 180 may be uniform ar ourld th?
i nt BiGha# shoovsdurerablel copngrwave@idmi0dnadnding & firshe!egtsicy
con]dﬁgto% AHLRE el'é&ﬁcdl @Eﬁfu@f& 7EP REMELHod et itie ﬁ’rst and
HOR<UNi f OF M rAnNner . outer conductor 160 may
secord elbctridah oenduttbis 7@&@@4 72&m@mwmqt6b) pagallelite R@htOH@ff Blr%
aI i t ors
emPhPeeh Bt R R PR o Sldph st
nanot ube; pure transition nmetals such as nickel (N),
al um num (Al), or chromu Cr); netal alloys e.g.
stainless steel (Fe/C/Cr/ Nlé or alum num al | oys
(Al /WMn/Zn); and netallic polyners. O her internal
conductors are highly doped sem conductors, and
sem-netals (nmetals with a vanishingly snmall band gap,
e.g. graphite). Those skilled in the art wll
recogni ze that the outer conductor may be ot her
conduct| ng rraterlals knovvn |n the art and be within

o o a1 oy
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thin chromum |l ayer (about 10 nm sputtered on the top
of a glass substrate. FIG 2B shows a schematic view

wand7anoezenpl ary view of an aligned carbon naroTAwiSe006/032452

after coating with a photovoltaic material. The

elect%@?t NBEStoWSIRLR HaaIR Eatbé dc@edMahoypatd Ritvednalyeslednical
[ 'um num oxi de (Al 203). The EﬂPﬁovol tajc | a ﬁr hastha
condupforic8gsd B4 e adewtn OISR i {GEBEPS T6Y R EFR the

electrrll?él%%ﬁcfuctoﬁ 430 a%ﬁ:7 56 @Vﬁenaheslﬁféﬁféﬁﬁlg%pééb B¥iwaBethaBlectrical
vi ew of an aligned carbon nanotubgl&after

cond@euorSg7 1@@ad &0 iifillpd with nbctt@wﬁl@ Aageriph e Wayesutine SHCUeR er
1tal B ateRA OV RRE | 19\ Cerf b biBEiAEhIW t h
deh‘%ggol%ﬁ?%g&nm T “"’EJH?JE” 15%) nm t hi ck 1chr o?n um | ayer as
energhe outer conductor. In an enbodi ment, the outer
conductor is thicker than 150 nm FIG 3 shows an

ar gy, dl@fsp&@s”%ﬁﬁﬂ 1%6& Ba%iia |coﬁ1£1ﬂﬁ4 SV SHidemol mﬁﬂlﬂgw plirality
ar oun carbon nanotubes. The arra

of clnciriod capdictooaRivaT20r Tk dAIRembRihs Habe BTy ﬁﬁeéalcal
condﬁ@io@soz{rg}%pr%lmﬁégqﬁmﬂﬂ 8Rad oSt Al Enbbifaent AR plurality of

coaxl transm ssion |ines my be al'i gned. i
electrivalconductore sre moyallii eeotiopest dophetpveliaic matssiakep be kagped irhtée

spacrer%e SfBIE:éJlnt tﬁﬁ%l%pahgﬁ‘(yf elf?:%trfcﬁ %Bﬁ&lféfo?@t ir A& 2SS L3S b@?&ated

ass, ceramc material,
in theapdtw hefwcor the pliralgy oif elwcabcrondmmn\é(hﬁbﬁhg infiEqnaRgs space
e t he ar

bew‘é?ﬁ‘&?l rpi‘fré tﬁfé’gelﬁé}“%atl e;%u‘?}g éir iﬁlg{de& novc\)nmlo frﬁg?hja{eg?lf thg\nd
wavb@uamg Rinctibhectssipidelivter Aghl esagypi thd phichevopiaie swteriply where it is

ed enbodi ments. An array of vertically aligned

con\‘f‘&?g S‘Ptgcagﬁgneégx mul ti wal | ed carbon nanot ubes or
ot her nanow res/ nanofi bers) are grown or attached to
t hSosishs tiedtier eletkital corigctonrdube wede efitensmanbyeiplst fror

exaf R R LS aPae i b T PR 3R RO e Helarent €

metACFbH@ opticdl peopagitias modadec TEM mAde) dlnis styucufre mam@@diall e

coaxi al trapnsm.ssion n des ned
conBaTBHeRio UnSe G oD grhsib e Bt P L SR s Al
mul@i-hétepréabaitn cAR bithicv bd With sufﬁhexytlyrlargamt¢rka1®trbdr5/@a01ng
ni ckel’ catal yst for PECVD grow h of nanot ubes was

el ectroc The
c og:géd Q?\?q’lows BEMRAFA! 8&08?18??%7@ 50 OXI %‘ s%\gﬁegﬁtrlwal
conWidtdr 710@ndRe @Ecoad eloctiittincontinetoe TR0 a‘renmpamj/lelofn anznedialeat,

coaxes was fllle WLth s h, does
the i o et iy sestars il ey 2o e Bk tHe e o
phoﬁﬂf)ttalgﬁndatdi‘fﬁ% mjm_ﬁ $&ealk@ iichaxRse bef@wwl tmseuaclamah ad)ridytctors 710
pol i shed o I's way, nangscal e cqaxial .core
andiyi20 A5 05 & HaCHHE AR RYO %‘ﬁcmln thesspaga MR Ll ‘?‘r‘ﬁé"s ndent
conih @GS 716 ShP0l Wihes the hltéevenity SpaEerREEnekIaOSHibal cdua@drs
structure viewe a_.scanning el ectron croscope
710(zmER0 isHillsd vats nbrisaliaie whlgaal. e ey AREdPelon SO0 SFrgiegt
ene[:@p( ?l‘feﬁih%tocileﬁﬁié RhtelifI2NBHR 73 &ﬁvéﬂe@@o Yievied efdte@ In an
nni ng el ectron m croscope. 3B shows, t he
embostimeniad mylktilayet verssonost therr@nmmléﬁé e@nl%naé AR de has three or more
fter polishing and bei ng exposed.
mn%ﬁ%pag%%ﬁag%éngﬁ%gﬁergy di spersive x-ray spectroscopy
(EDS) anal ysis of the conposition of the coaxia
| ayers showi ng concentration mapping for silicon (Si),
chromium (Cr), and alum num (Al). The dotted line in
FIG 3C corresponds to the position of the EDS
linescan while three presened plots correspond to
silicon (Si), chromium (Cry, and al um num (Al)
concentration along the scanned line. FIG 3C shows
that the concentration of silicon is highest in the
silica (SIO) rich area. Simlarly, highest chrom um
concentration is present in the region of netallic
coati ng of nanoscal e coaxial walls, and highest
alun1nun1concentrat|on IS observed in the ar ea of

I T . ALl S~ 1 o~ ~~
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concentrator 185 is a concave neniscus adjacent to the
coated internal conductors 120. In an enbodi nent, the

wort@/ikeiwwspowder or liquid will be used to fil PCTh®2006/032452

inter-core spacing, foll owed by a thermal processing

L ORf@NPh s SORGE n;ﬁ cor]igt'é} wahREuiBONER e BRIWEE shape is

regi on around eac oscal e coaxial unit acts as a
mvaharghm the mmemtmatdupctma 5in agmbadisert &matilayer ¥efpign of the

| RSO BHed! & hbhﬁeltat Oaterial 180

o fLLEb AR OO0 BI85 Ay lAa b
can bnlocated moheaspacebdtweenanyjnngrcopducterd 2 ead aoutpricangusing A 60.
Whefl}léﬁb{ngelr\r/ﬁn rp%an o(%%%hﬂ?eeﬁ %%;fr#n%l cdﬁﬁh&éﬂ 12\0@51!1 ﬁle%tu{& Eonductor 160

ciency. 1he concentrators
is ﬁnéiﬁzvldaphobne/oﬁammayerlaﬁtﬁédthc watrdgeideg fanctmelapts & dediyerdighhg

eI R P i P BB R

that poorly wets the surface of a sem conductor-coat ed
nafibe mblecomdmwra,l theartasondiclotand the deyicapean bRy VAl um

Shag%@t lgcflvcflag get 111 ﬁecﬁg g g{larg r!edé&hglélgtr %gr@%lgﬂ g}élﬂlgrlcal and

otheg @yrdmemoal ah6 ﬁon smninﬁheal atmlpeqa r@dewhmg:s maty lps arpre efficient by
cont

the we e 0 e
allog&gcfrgli,]a(nrla?rs?se P8 ecr%Fﬁ 1§%§M c}epm?rof t ehcﬁv (?)/rPatnhUarrI%y tndsB
skile@RcHB bt &t FecdGilize taatahrrmmr CdttﬂllMBSS tho rmuar mnddcteta @hd the

nanoscal e coaxi al and .=
deviepAn DAY S ?He§n8 ]anyocﬁ?s's é%ﬁgog Qngdesrt llrkg: V{Ilﬁl gm \A}wn% scé&)% of
the ple§HAt inv@giohl ansm tted through an array of nanoscale
coaX|aI transm ssion lines. FIG 4A shows the surface

of. the a
el e Hpaf Bt By ol LR G up 90
nanbé’caﬁ%ﬁiln&%l ffucturdd@sach o%hﬁrlsm@a ﬁllitmws)ltahenee;erraﬂ eaed between a
t opogr aphy of t rr.a | G.+4A visihle
firsy glepirigy] ¢qndpctpy, a@Hla swogﬁ %ﬁ“t 1@:%( Forgiﬁgtf)g ’l(‘)l}e r{aHoscale OpthS
apphﬂa{ulgr@ I@nidnd slan@gcal e coaxi al transmni ssion |ines.
FIG 4C shows the surface topography of the array as a

% 1%:]%1%36 q?tf tl@eml'}le c{ys{glg ﬁl%eeglal%@F gep(arFatlon \(}érélicealgkq‘véen?he
ﬁrsﬁéléd’t@daﬁl:drﬂﬁctbﬁdn%ﬁefbe&ﬁﬂletelc@idalca:bn&moirs I an enhHodnmermatthm g
nanoscal e coaxi al |on n oth q. 4A1an
sepmtion iamnerheniern e e S Barr At peteh PRk Peprted hrdéd S0y

conMidi6is SMDIRE andAh&HickRdsé of thephotrvolaia Iﬁdite\t\ﬁlle hemgtdle. Charge
I ndependent transim ssion. The nanosc

carsier (plactiprssanghofenid ibsraied iy splgr GieEy) Vd%% ?ﬁ?gtaﬁc ﬁgjﬁ‘ttémcda%vel

onl ﬁ 36k @ﬁaﬁ&%d}&sﬁar\kéﬁbd RlitRgfolh @€ KSctio Eurfeas 61 \Sflltaéee The
a rication of solar cell units. Solar cells co

thigkness ithe pbeiosglaiTaaleria shayk bsapPIo BRAIRLE thei Sﬁ‘“ﬁﬁ%%rli%sé Hyep the
carfier di c{%@oﬁzlclgﬁ\ﬁ?lé V%%@?iaﬁlxl@ ﬁlra%?()rplFohgslhé)rﬁ('SQV\ﬁle BarfibQfiffusion

secti ona émbodi ment of nanoscal e coaxi a
length isaboue] 0s1nh alar T M prepagatien. getoveigH duferr gJpdrods spaging in the
< not
contgiSil e TR e apb B, Hhe Bt 2‘%%35%?%%&’3‘“%‘%
Non- strai ght conductors can be used with any hig
conblratshifeiontly dargbiatsr-claelngdgrpas e, mahldppwgpa@?ﬂ% "H‘F‘F%\F‘
wh Brtlﬂg tI‘E éﬁac'nsvéol’ge aéﬁfmlaﬁd/&f TMin‘an%{/ér% 1g nefid) lﬁ’d{féﬁ QJnSpr@}ﬁQate
car bon nanot ubes “gr own t her mal D (chem cal
in a.d&ipm)n tolthp M inordy. Mskthnpdmopaw@nu can eﬁwawnb SHQuPREAL
could be then chemically nulti-coated with appropriate
sem conductors of desired bandgaps and eventual |y
netallized to finalize the_ coaxial structure. FIG 5
illustrates the non- stralgﬁ conduct or. Non-straight
conductors 120, nulticoated with sem conductors 180a,
180b, 180c of appropriate bandgaps, and netallized on
the surface with the outer conductor 160 are enbedded
into a conductive and flexible nedium 145 (e.g.,
conductive paint or polymer). The protruding section
110 S exposed (e. g., by etchlng) and a th|n Iayer of

I e . A — o~
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parallel l|ayout. FIG 6B shows a front perspective

vi ew of a nanoscal e coaxi al solar cell having
woubdvithewer ed structure of different bandgap PCT/US2006/032452

sem conductors 180a, 180b, 180c arranged in seria

condu@%to?btre 1&%&%“%?)%95 $ra é(l%ﬁlgzogdlfcfcﬁ IRBied Baadeaihs inner

ts'in nore efficien hot on absor ptl on because
condubter amslrthouseranadugios {inafiditer 'IOé’éft ReiqyRbaie mateisll dhpe

trans(%ﬁlj.te}l gcrong%%oq‘ RGO & i e r SO BP k! Ban BRNBUARSvelchBthadd

, a concentrator 185 extends from atop end
that hight threemexnirs@bi ie addition talinditstthy vie an pntermae AhaHRBPHEPt on

concglgﬁplgnglé% a?v% aellfanes%lllg?l‘?gknefs ﬁoto l&t‘;‘%@teﬁal oh QAL or both sides. For

ive view of a na osca e coaxi al sol ar cel
multiviniolle plopagation elmt mtaunnmseecemﬂemwg irf the gemetalsruetpng sheuld

e .nanoscal e co |aI soI ell. The concentrator 185
beamgmﬁmegﬁ”ﬁﬁﬁm% %¢ YRS LG froma top end of the
nanoscal e coaxi al mnre for |nproved phot on col | ecti on.

Thin amamdmdhmmt, (arprdtﬁﬂlngsooawh(@f the finstsleptiicalpeaduscticdtendsy e

bey%“% g o snan con&ﬂ:%’y?%gﬂ rﬂhcf&%‘ﬁﬁéﬁ%tettﬁﬂ%%&gﬁﬁe

Leoeiatel=1s ave shapes i ncl udi ng
plurblity oPinobdaleichmetat squo‘alrab dhiag ahbo}dlmblﬁp%‘danmarﬁl@ C@mducmr is

straj r

ocagrigitics Ledrshariyopdefied| b sfonfd8REM odftor, 1o
may be fabricated from any h|gth conductive materi al
i nd mdenﬂg:dhnmlt it pliiatifytof domesalestruestigh arerppnugicted jin gpyies,

resui]tm% ap X&ogﬁ u@%%e em%%)grg ?B‘%{eiy ﬁ%&%ité{ ; ?HJ)% 'E%ﬁer@t@djby ea(cj:h

e conce ator 185 coul
contal ﬁfhchﬂi’d g raﬂ empadiment the piradity efcomotati stotchures dragaaneid in

ac anosc e 9 e concentr
porefE FoRRERD 4 2} S BEE A B A BTy B RACEPY R, Ruds
phofbagbaaﬁeheyemmmmestﬁmment rator 185 can be

i mpl enented by enploying a "non-wetting" conductive

t.ha h
ﬂ?ﬁghﬁﬁwﬁ%Ps8%5?@QP%gﬁgg séﬁ%@%@ﬁ %%gggéggggccreate
sem&’coﬁ@tIWcQXnedﬁm aﬁlstranmfeaedauombbctw[shn thersos cahdicton sixlerge band.

Thlg %E%ﬁseg aqefepl%r\é%# Iili]lg 8]%%&061 Hr%néotgg S"cg%m oO(L E%E#rﬁlﬁétbp g a
con@@dtioh Whrids wiet @icyakcong vbileg Eachdlestrah may hasfbeempromnted to the

nanot ubes as jnternal coyes. of
congyp o B e BRI Db PR PG tod i e S LB £
pos?tHl@ﬁ/tc'hﬁxtggd Witief) iRcdpiastay Bk eRbt€ork 4 hoghtivredectridal ¢haggewnt1hlh€a
metal li c_nmedi um t hat mets t he pggtovoltalc fi

holoy S bie GBS B SERFSISEOIPHER BEeh & saph e gledtdt

and&fd hol6 ﬁﬁﬂstk?)% hﬁﬁf@ﬁé& 8y ﬁﬁl%rh't%igr’[@ alnftgal BRERAIR. qut hiigretbnliabmens
or simlar nethods. I exible, nmetalli substr @fﬁ@d

undsuthh inflierceif anblaeirs figkd) witlyibe bples maying i G diediar 4
ﬂw@ﬁ%?&ﬁakmﬁ%ﬂ&fhkw') by any suitabl e technique

ut not limted to wet chem cal deposition,
el ectro- chenlcal deposi tion, CVD, sputterin

ev adoelactiofeldiria poln cgll candeafiraidda seve Wﬁi‘%‘&&'ﬁ@&% a Schottky
barfidPs Ilghl%tlloﬁ aﬁ@@ﬂ-l-ﬁﬁﬁmﬁoﬁ ak 8Lndiik§ bakkioms A niftalGamhRemductor

nano es or any other suitabl e hanorods/ nanow res as
junbtivnethatdibs wotifiingchirectenifics sviagledpr waava digfe Meshivei
J; g5 fvas Sandit
sen%1 Q(l)ndﬁctor r_]ngctg[‘n? ‘eﬂttr?esc Ell)} H)Elg Q?ﬁg&tﬁg :Bﬁrrféﬁ 'Bgtlgrrn‘ﬁ CVD e dltw
barﬂelm dna rat ¢aeh mtaer@BICONJPTQTJqu@Wlm@e @Pm?‘ﬁbmﬁlﬁ%‘{ﬁ alb@ppropriate
t he remai ni ng exposed surface of the substrate, i.e.
the area free of nanotubes/nanowi res, is oxidized to
fabricate the photovoltaic éayer betmeen the substrate
and the outer conductor. Th the entire system can
be coated with a photovoltaic | ayer by any suitable
techni que (e.g. CVD, el ectro-chem cal deposition, and
simlar techniques), and eventually filled with a
netallic nmedium(e.g. tin (Sn) powder). The netallic
medi um shoul d be sel ected and processed to obtain a
meak mettlng cont act betmeen the netalllc nedlun1and

o o . o " o o o o o
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di mensi ons of the nanorod. The nanoscal e optics
apparatus can concentrate |light, and therefore enhance

wa 2007akdi78p t o about 103 tines. The array of optTaak006/032452

nano- ant ennas, with nano-CTL enbedded in a netallic

electgfs Bl 1seéstagﬁ§ﬂeéf A ¥-nGREBRHOE HSBEndd HybmbHing PO sasipdnductors
nensi ons. The nano-antennas are capabl e of ﬁﬁce|V|ng

and phe tsmn@mlttplis fegelier iy dlesmageti 4 pidafcion giso gatiies an
elect}[n': ?Elﬁl A B _ﬂ%_lsﬂﬁ'i (gstyap o3RI RN AUCRIFENn G REB s&is bifucof, nkiyght
ano S

to an asymetric tunnellng of,

semlednebttm) 2 joattise dids Mathel veide. rpdensd drringicseRasradester regipmy

t hus i & H,(ﬂzﬁt Iis, the p-
bermprIL Bk SR Aof Gy p AL Dok o] (gt i o
and o regomscam: thenelaiBOp theointringie sennqplyiuptobﬁgropyaq FERICEBt 14

@ ﬁ/ ? ﬁ q% fficient, and | ow cost rectenna solar
establish fhe CISFfIE TElt | o e conpression of light in the

nano-CTL is quick, and is not |imted by the usua

paFHsil8 isoveaymodscals ceaxial Beler well K84 haangHPri dHictigh dihe p-type
photPY]og%feo SI‘G%IE:C‘:O#JJCFO?EE{XQJH JonG Fﬂéq{ tgﬁ hotdvoRSE sérﬁﬁ@&ﬁﬁbt‘@t Ryeral

requenci es. hows a schemat i ¢ i mage
780 odn e mtamhmgadl @o ejtlier ose cgppmadiacant tbobe inpendigsgicakepnpiyptor

120 W]B?lﬁ e§ 8%J|acetngt&t € 01R c%g(ﬂitcto\{ 196 %e%%ﬁgceqmggbm PSn

¢S dppar at us 100 has an array o

junctiBi &dnhétal solan@ilods 120 that penetrate a netallic film

140 t hrough cylindrical channels 160 filled with a
| AL Ca IRbEL1A 532018 b1 2Quition athe p-
F gshaﬁglan%gﬁhgoTéﬁgoﬁﬁ&%hpotrud%s frgﬁteagh °P
typeﬁihbfoaclmlcosfenndmdmrﬁﬂo layerf andrihe mmte ahoiavrbigicar@icendieios|

ayet R BRI Eraefi o S ot O Rl ERRGHAF Sothiel D

condutag @20 {ith theaslice adjadenttb uliecoutar mbmctymoat 60 Aheintrénsic

s SRR FRHTE TR APROREry . I SRy S s 780, e

solaMNBdIDik @ dsaxea? B-ievgtusutidh Bgnhtelyseladceil metallic fi | m 240 act
as nano-antennas 110, capabl e of receiving and

tr nsmtt an eI net j_at.]
R e T
an e@d&traﬂanﬁyonaﬁctmg €018 mbntecaing raq:hotoaasitaarmasrial 20q cgated with an outer

ressed.into gscopi.c chan f coaX|a
electtrl1 nﬁ%‘tﬁ*ﬁ%%?rd??’ef i Hﬂ% SQUEAS ﬁé‘%‘) copy's’ come (l)ls'%lgljsbglbs equent | y
deconpressed (and reem tted) on the opposite side of
t han &h bxﬁbchymt:ﬂt,ehmpmmamﬂtem maetetibDoingtsarpogion i ghe electrically

ano- ant enn OSSGS
con %@gﬂr& ftss%?sé ng]e/ é’ﬁ&h ﬁlaﬁql (Effngtﬁ%sgég coax1a1 structur?]s In
an &%b\dﬁﬁﬁnlt @libabhotcsx@dale ntaearianainag;s agppjunetgont (@rrtphleed of
nanoscal e optics t .
Phofne g RGeS Th CoanTy ol e BlE soues e -

n junbEdH foR Ah ;k&eﬂﬁdbﬁﬂmﬁﬁdayez‘\ran aclriasid ﬂgmvoftalu8| n g t he
nanoscal e coaX|aI cabl es

that th
semicanguatesfyer prdpnehieye %finﬂc‘Eé‘H?tPraJ% Tt e%’ﬂ é‘g)a trampare“t
conﬁP&oﬂ@ RREEAbEwWERANK @Ectﬁ@il’lbf%ﬁncﬁllzﬁngaddr@aﬁdf the ou.pasrmnmgmai on
radi ati on with wavel ength exceeding their

conduetpdadtitcul ar di nensi ons. The purpose of using the
nanoscal e coaxi al cables 115 in the nanoscal e optics
apparatus 200 is to channel, and conpress the externa
radi ation into the confined space between the interna
and external electrodes. The degree of this
conpression can be estimated as foll ows. A matched
antenna col |l ects radiationzérontan area of the order
of /12. Subsequently, this“fadiation energy can be
efficiently transferred into the coaxial transm ssion
line, where it conpresses into an area of p(R2 - r2),
t hus the power conpression factor is of the order of
/12 | p{R2 - r2) . By enploying nanorods 120 with a
radius/- * 5nm and using a perpendicul ardi mension R "
20nn] the power conpreSS|on factor of the order of

o —
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characteristics of the nanorods 220 of FIG 9A. The
nanorods 220 are aligned linearly in the nanoscal e

wopti7agoEdppar at us 200. FI G 9C shows a transn BETMIS2006/032452
el ectron mcroscopy image of the nanoscale optics

apRALALbD ARt @ prduhuing Pbrtioh r@fﬂllaeleeamgx:@hmmng c@e extends
apparatus 200 of FIG  9A, only the top_ha

beyand tesswer elesipicsl candusionlxen IS 2968 4 AR eRPCHE Y Fff“nl@ d Goaxial

Cmn&gﬂ&#g@algﬂ"%angmgghton1half was not etched. This
results 1n just the top half portion having

transn1tted li as seen {n the transm ssian o tlca
m«%@@ ey of cigesal Harava CITBRRen s
resuﬁ g@ﬂ% fiftal v Qggné ) EulﬂBkalﬁﬁéd”tﬂ‘lotbagéﬁ&ﬁﬁh 8y Gfﬂihlc©§x1al
ar at us In ste romumis uttered omﬁga

stru@uras In Wme@t ﬂt%ﬁ“&‘é‘D’IOf/ cogcial strycf e ALSOngFeted g fera
Re if'a 1 %Sftaegg bEtWeQﬂ‘i‘ﬁl%ﬁmﬁfn @b akinin bf A8 §b e phivces-al
or exanplenickel) is electrodeposited onto the
genahiedhy eavh gpaeisl stra¢tiiswed by car bon nanot ube growth, as
shown in steps 2 and 3. Plasnma enhanced chemni cal vapor
depes] o' BBwd fﬁﬁ%v@)alel c%pluﬁa%@olhpceﬂtmb hiVifs £ PhQukickon.| Blyey-,

as shown in step ﬁSlca PECVD %gsts apout . an_ hour.
typeﬁphsmpbwmwﬂm@r laery Ehanduibs wipe pRRIRYqIZIC sppjspnductor

1aye?)§g(pPJn%e%t96han 2CSeither ?5ne<cag be 'a?ac%ﬁ%ttlﬁﬁigt éibtridaBy

trate own I n step hose skill ed |n tq
conductingdalyér 198 oo thezather nétacem@ tb@ sroprét epranally Fandurking e
Y ) function as
7927 ol P e AR oS Bl ot oo
appar at us and still be within the scope and spirit_of
t h&FIgr Hsbays ynmowled@ébn@rﬁe@aF%WélaV%ﬁPdé‘lJP‘%ﬂo{l hhe p-
typ%h%‘éc%éﬁ%l& %61‘80&3{1&51] 1§§/er 50 GRAMEH-tHR phbeldlad demidokMets

Alumnumis then sputtered follgwed
layen 86 pdrbedutatchanged 5o pidioy aeq ¢ bradinesat tpithe Brst Pt ¥nd
con. I%Cl%lng gag Q}\afﬂttqﬁlﬁﬂgﬁdlagém ﬁﬁfﬂy I'secgf? gﬂecﬁmoaﬁ§ cm%g 1Byer

400 nmof "al um num1s
792s |fIlhb firebminestt: setnn’cosdl@p)r &yeewas befwhemthe attyrst7?Rilayer and thastype

m.| ayer. o 120 is
iy 2T i £ bt R Ryt REBRRAGASH, D50, 4. ov.
sanpl e as anode, a platinumelectrode as cathode. In
t his S(ﬂmb cemprise$  pluradithefinepesciia ceplarpr %tW@tuéeér?ﬁ?hsWWé’élsmg
apk?ofl(gvh ?ﬁbl @%%&éoﬂ%hb&njalfﬁgt eie'&?fcalﬁg Cni@RinP BYEMAd a second

as seen I n transm Ssi on
elecﬂh@ﬂl& rcon[dumlrtglag@c opherdimrtighg enfefsthe q_mngnfﬁgmtu@rbetween the first

oo B Rl AL e B LR DRRORBE OB 8
ac@ﬂﬁﬁﬁmﬁﬁhﬂkﬂaﬂﬁﬂ typlcally at a thickness of about 15
nm A selected thickness of catalytic transition netal

(f exa i gk j '
o h?llé)'l B SR +1glgf£t ?1 ?’+s)[ ele rlgélﬁlg{g?@%ﬁﬂg ﬁk%rtqg%ﬁ%x?rg%&g parallel
to thé sawnd enemﬂcmpg ccﬁldactdlg?.ayePI/’asl’oatr@mmaYl supgont ﬂ@mluralllty @’é p o r

nangSR R ru i e B By SRR C A AR T

andXhp EE@bﬁ)c‘l/élédtﬁdaﬂy (:@fdustm‘gl leyen dieclcotricalipecmtact ofliyghrough the

exanp < ut t

PhSoNRie gt THen SROUTEN E“F@B"t%zoﬂﬂ% LR et PR

Junaﬁén Winl dn eh®68igRhZ ﬂletphabvdill’aec ls;mi bmemesja pﬂanase lpl-lai Jumnpnbe

of any material, K havi ng 2 E i fic.funct t i and

forméa of 4 wps;senalﬁowbtﬂ e BB RsERBo KU 581“%?0 epoL dayer
apparatus and still be within the scope and splrit of
the presently disclosed e lenents Typically, the
photovoltaic material is coated to yield a thickness
of about 100 nm Alum numis then sputtered onto the
coated substrate, as shown in step 6. Typically, about
400 nmof alumnumis sputtered. In step 7, the tips
of the nanotubes are renoved by polishing. In step 8,
el ectrochem cal etching of the alum numlayer on the
tlps of t he nanorods 120 |s acconpllshed at about 25

I NN 1 LS NN
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single core, while nunber 4 1 and nunber 48 are doubl e
core. Nano- CTL nunber 37 conprises a CNT core, coated
woi2007/1301,751 ocat ed coaxi al ly inside a cylindri catTaanmb/032452
penetrating an Al film An air gap (the dark ring)
an n—%}ﬁ)g%%rﬂfcgﬁddcﬁ? laf?br GRa SbSdMlerd: rd)tiﬁntslbh@erﬁ\'coﬂm&tbr isAgatséen

e air gap is mych thin
betwedrathe fits elpetviedllysgrductins leyrs apdthe spqond e ‘gﬁtrls%’d CHﬂqolFB{‘? layer.
green and 650 nmfor red). Thus, the subwavel ength
acty MenfHodin{tft, APRHuGEhE pbdidn beme fidke sRoisicslBtedducting Aper
enbodi ment, the nanoscal e optics %g aratus,can be used
exterds bayand) thy sceeid elogiricaihneandpgiing lqxer. 13¢ sofpreell IS AKoRIEaPHT.
gptron tunneling in the nano-CTLs
com%tg S%&%g‘g%r%%ﬁ;ﬁdgt 650) is the recti fyi ng mechani sm
for a solar cell battery 600. The tunnel d
asimanenpiodinagnh dhe RIMAlGY PORATAY ?“é‘FH“?S@rea‘iO\RB fed 2p s¢igs

resulti[ﬁ "ﬁ{ a {%ltaﬁ ‘;751'{2%@ Beingd B Yfn biolaERPhbRNRnérERA8Y eafch@ﬁpl‘am
he "outer el ectrode. The photovoltaic

struc(tlsrerhl@n ﬁ@@@dlmel)\t GhirplvTEl CETINGT DR Sheonpdried I paralll,
h@ineed DinGlihA6a8d a Mkinuth bf thevdltizathetoany
resugﬁg%e%gunﬁeatl o% In t1 he photovoltaic, and thus w |
genaratkdby ¢rsh pmotal sitmefiéed band bendi ng, and the resulti ng
tunneling a quick process. The sol ar radiati on 620

e”gﬁé 9ot REW ARG Gk Sf HBshoVdalt RpRANGORNEAINTIS. Segient
a nanorod 640. A sufficiently Ialge fleg? h
embpdimgge thetsheond umetnd 1P 1gcaied PEIER PP ¢ é‘@“a‘fl etlR A7 R :
phoRG G 19N 86 chRE bQWEST thEHREERIPEL and AR sesUd@Hmetal 796.
el ectrodes can be connected providing the p05|t|velx

Theahatinle frsb aetas 494 maw be patellel 1 each piherprhaN angl r e sgqon
' ¢ 8t at@h 86418 MBdkecond
met%lg%g u c?%lf“ \f@s¥ gQgH#S@g %ga b!e E’gllaggetg tg ?dlﬂcogﬂe (o oﬁd u clfqéo r 72 Oecon
methlI79&mlse stywek avenep confestdri The phatevodiaic araterial EROsep bapny
uct or s 710.and 7 Blreih @
pho‘%’é@?ﬁ‘%@ﬁ icial, Pnjanr?ggﬁ‘g)g%?ﬁ 1-?88{ E&H % slt)%ad%g&lggzorﬁel '
knoelhelﬁhélaﬁaIWIteﬁmhhmbsmraE iy dfndaithg RO tramsparent, light energy from

net al | i ct rqde
T D b Y
the K&Qs@[&coﬁ&ﬁar shiaf cadt a vacuum can al so be | ocated in

t he space between the electrical conductors 710 and

720, W th t tyi cal
72 e e B B R
nanBRhRchatial strhcureaseeguistigag ifternaltconductbe errﬁelnéedl hygaht

ene to t vol taic ter
phoiiFet e oeRa e At CEsrar o i LG phrdfy of
naanUaIe' cohayetru@ared lahéh poopndiag ﬁbrtlmvétj}el il entezel comlwbtadi ng
plurality of el ectrical conductors 710, 720, 730. In
ethé}ﬁl“@rPSbﬁ%ﬂdt?est acetqji.éhepfrlﬁlr ality of electrical conductors
are approximately parallel to each other. In an
embe diemidtof fdbhemnlg yolad aetlycmprsbse@mnng:mubmwwﬁh o edalyiic

metal li¢ eI vol t |c nat er
malegE G TSP RIS gL Eub LR RSB 2 e okt of fogfaf Bl
uniftl AGhE éu“éﬁkat& @&ﬂmg GthS. phéﬂoflolfalic ﬁlmg aﬁdlcmitmgmthlh sEtdle
located in the space between, gl ﬁ%ura ﬁ tine with a
megiie (1P Enthod dHse COPRIISCy RegIZ iR B TSR 8 °§Esg‘cg
phdiSdoeRMLhe plurality of electrical conductors is
filled wth photovoltaic material, the wavegui di ng
function acts to deliver light energy to the
photovoltaic material, where it is converted to
el ectrical energy. Sone of éhe i nner el ectri cal
conductors can be made of ¢ ansparent netals. For
exanple, the mddle electrical conductor 720 in FIG
15 can be made of a transparent netal. For an optica
propagati ng node (i.e., TEM node) this structure is a
paral | el coplanar waveguide 701 (simlar to FIG 14),
but with an additional bias electrode. A nmulti-node
propagatlon can be achleved Wi th suff|C|entIy Iarge

o g, o o s 1 o~ A~ I
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When the intervening space between the inner conductor
120 and the outer conductor 160 is filled with

wohot7aeel7sai ¢ material 180, the wavegui di ng f URCTiIUSE006/032452

acts to deliver light energy to the photovoltaic

Mef &lekidld of BbricMi@aolat cdll&oﬁ@ﬂsee cbathglacukdireetwithcadhromium
energy. The inner conductors1 QE ,tgr coO ductarsaand
layer; plectepsopastine @satalyig Bansiiiop LA OR ot ﬁ%‘tstﬁ Prighite *hot

arra}J df{&ntbgﬁi n&tﬁtﬂb@y(@ﬂ Ts?1 gh e %oatécﬁﬁibﬁlwéj le®thing Gl dhedngitm layer;
1 ndrical and

er symmetri nd non trical
coatigh ﬁp@sate@rbﬁfaatﬁ anghpasayiph ¢ e Wi@’raep?’é?f‘tvf’ ‘%F%gg‘gl and
coatlflh h%\é,mogtgd LGP ald¥é Edafof eINTEEIHaASEtal Hatkig. density of
evices on an array. Those skrlledrrtthe art wll
recogni ze that the jnner conductors

c oA dirthasiof faprigatingsolae¢alls amprisss | ﬁ%i ‘srﬁl?:\l% 8 3 BAPGS RISy
plangrr s% ul%?cc()ht‘ﬂ& Afaftylor blakg suiricBs &f thé §luﬁiﬁt}l’ dﬂplaﬂhﬁﬁbtﬁ@tﬂtﬁe

present 1 nventi on. A nanoscal e §$ ’ ﬁ gf rat us
Wlthfamho@g@ltaggsegllwﬁgqtordgtlle l%%,spgg etg/eﬁrp Rlurg W planar

surfrﬂ:%!l Ars aﬁn 91 B@tlovcﬁfafc%ﬁt%ﬁ&lcﬁﬁ Giith GR Rfet §lb<ﬂﬂcaﬁl conductor
ot o terial located between a fi

layee e actadrtlmfdhmtmr clpsitionl condsin IFBE9PE petween the
plangro rt]rgtgt%}eg cf fo-ll-ﬁ%oﬂgrga? ltlﬁesoﬂlt dnGeinRERRNA HiSphbf valtAOMEEAd]

ess of the photovoltalc materi a

conﬁoﬁnﬁl]ye:o&e ]jarpduralqtm ofiplenan meréacpeafteespiuiely of plagqr structures. The

trical dd
photegﬁéﬁfcql%?nal ﬁﬁ%aﬁ% ﬁgpﬁile Elgh%e ﬁﬁ&/@«g}gthg I;aﬁr os’crrﬁrgtllrgi and does
not &mtpma;a filllke sfpraces tineh ewbodiment, th@mdtaﬁtcman@n@le toangecond

ri cal conductor a

S SRS Sl PSR B o R s Bontl
subst@telsidR G rdaell the tph@tﬁ@oltﬂt&dndﬂﬂlabs/)lerb ithecatvertedsy eloeirigal energy

energy . via a 0 arc ffect eed tr I
in the.splgEcell dn gp gtggqfﬁ Blgta grr\'c}%osc copla ﬁ%ﬁftg?é% age
pre]ﬁre%% fah ©pEdlly ®Paque @ub&ﬁhtt: agethe ﬁpenettdﬂl ooktngsstran‘sparhe,

hot gvol tai ¢ materi al. shou P
s AR SU AP P 5P PEF 001N T B FBRGL mefia” P
it 1s%51§%ﬁla@to diddraPEmRRgUS theisblat@. (Si ), the carrier
fusion length is about 100 nm For TEM propagati on,

the overall inter-electr
St PR BHER P st RO P e 7 P FS L 0E DS Ehrcby
1ncc9f5’<9£t@c‘¥ beRdrénddBd Biir @htirefyO it veill e bpprediatad thyt ‘Yagipgeof the above-
i nter-el ectrode sp cing, nmul ti - nod g q%u%n % geurs
disclqedckaiharfRetores P ity Seatgmaliyes e
con{btu{eﬁ n1§t8 ?ffaﬁrf oﬂi@%ﬁ%ﬂeﬁt) sySRdesr dpplicafloRd agioes prBseaﬂ}duﬁfDxﬂBBen
Mil ti-nmode pr.opagation c]§§ ccur

Wi t
or mantmaqaegart@rmt@@ﬁmeqatw el gises" ISFGEERS e By b
Gatvadc At WBe midnded toﬂﬁ @hcompassed
am&%gﬂﬁgggng gﬁgﬂgﬁgﬁ?gpﬁconductor (in addition tolthe
by thhfllowaig ddimsmat eri al ). The transparent conductor can
have a diameter smaller or larger than the |ight
wavel ength, so that light can enter directly in
addition to indirectly via an antenna. The transparent
conductor may have a nanoscal e-t hi ckness phot ovol taic
material on one or both sides. For nulti-node
propagati on, the overall inter-electrode spacing in
the conetal structure should be approximtely the sane
as the light wavel ength. In an enbodi nent, a
protruding portion of the first electrical conductor
ext ends beyond the second el ectrical conductor to act
as antenna. A substrate Ay, suppor t the plurality of
nanoscal e conet al structures In an enbodi nent, a
transparent conductor is |ocated between the flrst
el ectrical conductor and the second electrica
conductor. In an enbodi nent, the plurality of conetal
structures are connected in series, resulting in a
total voltage being approxi mately a sum of voltages
photo generated by each conetal structure In an
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junction that has rectifying characteristics, suitable
for use as a diode. Most netal sem conductor junctions
wonoo7inei7sal |y forma Schottky barrier. By for RCT@SRoNe/032452
Schottky barriers, one at each netal -sem conduct or
junction in the conetalcgAmMsture, an
appropriateelectric field is established. A p-n
junction is fopned by conbining n-type sem conductors
Whalﬁﬁ&laﬁnﬂl‘ﬁe sem conductors together in close contact. A
p-n junction also establishes an electric field. A
1. P- AnBndstdl€bptien apprdtyyior sse s € srlaheell opmpriising: i nsi c
sem conductor, n-type sem conductor) is a junction
di ode it Wi | . hri . i terial
N B
s eltarehishietenra firsigiletrical Foductaland a sesPpdclegtrienl pendyctar
regions are thin relative to the intrinsic
sem con L L9 iy idi bihs Portibe
2. o1 SR PRGMEptipfiig B CBNESSRbILRy FpLRRIbED
of the dira electeicdl cffictva vkimglizg feyond thesscprshelectrieal pandygier.
phot ovol tai ¢ sem conductor |ayer 770 and the n-type
photov.obiai ' i BRpaisifg BSubstrate that
3 [ n? Péer %%g%cglg&pﬁggﬁpé%ﬁlg ?ﬁ 63%12& %%lﬁh%ecgadpj acgent to the
supgorts the phirgcy of waloscelsrrdmetabstrutteswi t h t he ot her adj acent
to the outer conductor 160. The solar cell is a
4. COg¥L RlnoRalt dg\i@&iﬂg%uﬁ QpBhiH 1 fethel com@libing ktémspd@nishows
a nanoscal e coaxial solar cell 705 having a p-i-n
condugtoc tipaated beep thedisstshrstriselsondiictor aachihe s¢raue elgsiriear o
am%%%gr and the n-type photovoltaic sem conductor |ayer
‘can be interchanged, so either one can be adjacent
to the inner electrical conductor 120 mﬁ?h t he otger
5. adjThe asmosqaly aphies enpewiusobelain ] whereigdhe pplify Af cpmet
strudiih & %glg'f‘ehﬁﬁ il Q€L rebhfink T PBIVERAS FEnPagpYdEmatél§ a sum of
ayer and the n-type layer 780. The solar cell is a
voltagea phatb-gpnerated pyuerch cometelstraetae: sol ar cel | . A sol ar
cell conprises a plurality of nanoscal e coaxia
6. StITHE LM ESIESRs SRS BRind D whbiRRthd latalivy sreosiual i ng
core contacting a photovoltaic material and coated
strupiiteh arzrvonnected ispasalialireslting iy ioga! pltagg peiveers mingpigand a
ce [ [ [ lstrudtire@n
e B B o et s
portion of the electrically conducting core, A .
7. subie nancscakngptise pprsFatus i elapm & phpieina BikpesR gEthg phetovoltaic
matgr(??)fs! %?f(ﬁdtﬁéf@l WeBame hBa i @iciBAgh.t he photovol taic
nat er | contains a p-n junction conprised of
phot ovol tai ¢ sem conductors. In an enbodi nent, the
8. phat enlesIcec@MPRRIRE i al contains a p-in junction forned
of a p-type sem conductor layer, an intrinsic
phof valify dif areesal CQRALMAtuted yash camgridng an ¢lygudcally

sem conductor layer. In an enbodi nent, a transparent
o orRIBISERE PC PoAAiaR2 BRYMEURIC TR Bt @F@é W‘i?\y ROl
CONGUAAdaNDn8Ri&: 1 the outer electrical conductor

| ayer. I n an enbodi nent, a protrudi ng portion of the
el ectrically conductin ore extends beyon he oqut er
9. el ebhersplangel ﬁ%ﬂ}eﬁd’rherf‘g%@lﬁ Pﬁf&o fpic t%ﬂ%&?i’? S aportgn.of the
eleRtAY c6fluktingcRe.CcOaxi al conmetal solar cell having an
antenna. In an enbodi nent, the plurality of .coaxi al
structures are connected in series, resulting in a
total voltage being a sum of voltages photo-generated
by each coaxial structure.,ln an enbodi nent, the
plurality of coaxi al struc%ures are connected in
parallel, resulting in a total voltage between a
m ni rum and a maxi num of the vol tages phot ogener at ed
by each conetal structure. FIG 20 shows a nanoscal e
copl anar solar cell 706 having a p-n junction. The
pt ype photovoltaic sem conductor |ayer 770 and the
n-type photovoltaic sem conductor |ayer 780 can be
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In an enbodi nent, the first electrically conducting
| ayer is approximately parallel to the second

wehkermiizowwal | y conducting | ayer. A substrate nmayCTUSpm6032452
the plurality of nanoscal e coplanar structures. In an

10. er‘g%ds' PRI oftcﬁ%nfslfﬁﬁﬁer %Jnﬁ dirl CArbYud \$huiEdr $T3hd Edtrically

e second el ectrical conducting | ayer are

cmubhﬁgmpwsawhwngb%@aéﬂ@dmﬁﬁP%mﬂﬁﬂéﬂﬁwmph@yﬁhotovoItalc
| ayer. In an enbodi nent, the photovoltaic |ayer

1. © of‘ﬁe%o céll cﬁ{c?arlﬁ 3 fﬁrtﬁkrlcbhﬂﬁﬁsln{grb substragd tharsupshirigind plurhtitg
photovoltai c layer contains a planar p-i-n junction

of ndnoscalsgowfial strpetirghe senmi conductor layer, an intrinsic
phot ovol tai ¢ sem conductor | ayer andan n-type

12. SefhLQndeat ScldiRygehherdin tiRPhowhSIAidRAttral doitaians parjemntion
conductor is |ocated between the first electrically

comprised aEpHotryoltaly samigepdluetRe- second el ectrical Iy
conducting layer. In an enbodi nent, a protruding

13. POfrhd Qhr @E1l btRaiki 9 $heréth @tphboaditaye el cblhtaugs b pyier
ext ends beyond the second el ect.ri.cal

juncliay GrmedHe EPafSEInE e digrae: P SIS bhdugto

layepa@t\ﬁ'aﬂgl -9pe @Rli&RARetor 1Byean enbodi ment, the plurality of
Cop anaf structures are connected in series, resulti ng

in a total voltage a.sum of vol ‘
14. ph gbq)sc&%ﬁgl,l af cé@m%@fuétggrw%%mlag]% anspare ttcgrrlcgucto'r located
betvia A iclRicallyt (ﬂﬁd\ﬁﬂtﬂdg abﬂetaud Bk ottepélesnadal sdmluctbulamr are
connected in parall resulting in a total voltage

5 SO PSS AN oL e

in sél%@"i@suﬁm%'nd@tdt’dl Q¥lifk bainpaRna oaldtagenihatagensmied by cadhl
. In this enbodinent, the second netal 796 is
“mm@éﬁﬁﬁﬂebetmeen two of the first netals 794 with a
photovoltaic material 180 | ocated between the first
16. MEtIAL sol@4enpEcihiies %emﬁldhﬂﬁhﬂlltymﬁoaxﬁﬁ etruntires ¢ eorfipted

nmetals 794 may be to.each other t
in paUF esuTHRE 1 8o HPaTeDves ST apiuf of 8 ygipeecs
ho&%&ngﬁwB%?@&menkglgﬂﬁhu@ther or at an angle. The
second ne 796 al so serves as a top conductor. The

ﬁg?}é}g :égl:a} C%B ofc n?l gtw%sw'}ns Otlhﬁzgﬁ]efs? S R0 ﬁl&o?%h:&% %a‘t&qapis

apde%ﬁflétélﬁ fRishMB Ss Q&e&ﬁdﬁﬂ d@ﬁﬁhldiﬂélfgtm or known in the art.
When the substrate is conducting and transparent,
l'ight ene from bel ow reaches the photovoltaic
mt‘ée?ql%flce{lgé“p%e it is converted to electrical
energy in the nanoscal e copl anar solar cell. A
nanosaralig ocﬁpanoscsﬂaaqmphmat strsctfirgs eagh €omprisingsmphatoVolRiF layer

compitig e e il el A RAARRAE G R s onf pupbalhes

phalcam@tih@iagetrat eri al coated with an outer conductor;
a filmhaving the plurality of nanoscal e coaxi al
struct ur I | t n
i nt Whgp ﬁglg 68%58 tg? Qoé)x nalu ‘:“%m@%%éﬁ g %aeq{srlsjtr tr{:bau}fl conductl s
filiayerAndrtie lsaxdnd)éleétabal]y&andqun$b}’@r cells conpri ses
coating a substrate with a catalytic material; grow ng
a ur a ar §s Of

19, o hBECRE S B e ?Eﬁagﬁﬁg%“?%?%m%%%??ﬁg i th

appofietelyvatdial to tid demndaﬂmttrm@l@t ¢omgualing keyer- et al | i c
medi um The nethod further conprises oxidizing the
substrate prior to coating with a photovoltaic filmA
nmet hod of fabricating a so% r cell conprises coating a
substrate with a chrom um Payer; el ectrodepositing a
catalytic transition netal on the coated substrate;
grow ng an array of carbon nanotubes (CNTs) on the
coated substrate; etching the chrom um |l ayer; coating
the coated substrate and the array of CNIs with a
photovoltaic material; and coating the coated
substrate and the array of CNTs mnth a netal mat eri al .
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it is converted to electrical energy in the solar
cell. Al patents, patent applications, and published

woeb@rienices cited herein are hereby incorporat edThg2006/032452

reference in their entirety. It will be appreciated

20. hgﬁe 68k EQHSE Rim {18 %%@U&%rﬁﬁtg%ﬁﬁ&r@ﬂ% p&tl’tﬂnfofftl&aﬁwlr es

functions, or alternatives thereof pg%
electrieallyrcabdupting lapsrestending beyoashihesetoad elattrlfﬁaé pdugiing laygr-

or applications. Various presently unforeseen or
1. Ungpd dotir pat Sk it 18 e Y& BprisiAac subsiatd thitsuppoas itetplwralsty
or I nprovenents therein may be subsequently nade by
of naniesrsle coRlanarsudtiges-he art which are also intended to be
enconpassed by the follow ng clains. CLAIMS What is
22. Cl @hd®fhric8l] oflolaif lmmﬁth% f@@bleeﬁlcﬁ@m@h&tctmg fager and ¢heas
a solar cell conprising: Lurallaé kﬂg aIe
secopd ﬁ’éttHPa”é’tCP%{CU‘?ge@y%é&"rFlicgﬂfﬁ ly eqniasted BRd
| ocat ed between a first electrical conductor
pho Jgg”gggond el ectrical conductor. 2. The nanoscale
optlcs apparatus of claiml1 further co
23. pr &he kgl pEFlEimolS vghergin themhpigyoligiedayer © ngrﬁ?m ﬁl (Gl
juncis.endi ng beyond the second el ectrical conductor. 3.
The nanoscal e optics apparatus of claim1 further

rising a_substr at  support.s t he 0

24. b e aR BHANE T Ce bt DR By et Blabdnte &L

juncRBR &rALIST Lp-typb Séricdndubiior agdr, a’iﬂmi)ihsls pﬁgo@olﬂarcasamman@mor
conductor |located between the first electrica

layeg aRfATCTBYPC SHHHCAIBCIR@Yd el ectrical conductor. 5. The
nanoscal e optics apparatus of claim11 wherein the

25. Pl dhakélanceRbf ﬂ@lﬁfﬁI&ifurtﬁérrdaﬁlbtimﬁga aamsparemtmendwd)r lozated

series, resultin n.a total .
benp BTGy QUHTRE Y O SRR GERaIL R e er
each conetal structure. 6. The nanoscale optics
26. APk ablbScellfof Clhiat 18 Whavbianied plutlity of bepladar styuctirespedret al

confsl’%:gegﬁrtl g%]%g,a{gsrélﬁwggg\ge gl gg“a:gﬁ bﬁﬁ%]agﬁlt{g of VOI%E%Q n;%loﬂ)gg'gén afsd by
eacye(g[;lﬁ,gleﬁru@@gg 0-generated by each conetal structure. 7.

he nanoscale optics apparatus of claim1l wherein a
hi ckness

e voI t
27 ap g 2P IAGRTe I‘S]; @H% ’ng eind %P18 |Ozr b@&tak %tglwct)urge en gt h.
confectd i ?Luanel cesditinpdapratal \f(bgagea)em/elen ahiibiynuof andarmosdai of
coaxi al_ structur ch co ng an electrically
the yelfrgatRoHysReTEd Ly g gE?PﬁﬁHg ﬁ%?ovoltalc material and
coated with an outer eIectrlcaI conductor | ayer. 9.
28. TheTHGbRF ctiedflclairh 18 hWabiing: mtntemast; of théphqtdwoltais diyenisc
material contacts a‘%ﬁéﬁ the electrically
APPESHYHEY i thfgsalg 28 2 §yTIe 8Rel | of claims further
conpr|5|ng a protruding portlon of the electrically
29.ConAluetiod @f Gbrieatimy seladkeligchmyoimg: t he outer el ectrica
conductor | ayer. 11. The solar cell of claim@8 further
i Sin S the plurality of
Eﬁ'%%W%ggggéﬁgﬁhﬁgﬁﬁ%%gﬁég ggk%he solar cell of
cIa|n18 wherein the photovoltaic material contains

p- ncqatlllE:it plgmllmianglewrfetes phte @mlmpﬁplwt&lﬁﬁaeﬁc‘t@t%
filcés;

D B A A R
n$entconductor | ayer, an intrinsic photovoltaic

sem conductor |ayer and an n-type sem conductor |ayer.

14. The solar cell of claim8 further conprising a

transparent conduct or Ioca%gd between the electrically

conducting core and the out®er electrical conductor

| ayer. 15. The solar cell of claim8 wherein the

plurality of coaxial structures are connected in

series, resulting in a total voltage being a sum of

vol t ages phot o- generat ed by each coaxial structure.

16. The solar cell of claim8 wherein the plurality of

coaxial ‘structures are connected |n paralla

T | I



conducting | ayer; wherein light enters the copl anar
structure between the first electrically conducting
woayerizents t he second el ectrically conducting Payais2006/032452
19. The solar cell of claim 18 wherein the first
el eGdiink GR!ph¥to At Kehiidbal bRt a¥ith 4 oafbp eleatiica kehductor layer,
parall el to the second electricall|ly co ?}ucting1 1
whereiy @ porfion oftheoutey elgetrica] gongycter |‘%§iefﬁ3§%"afea Fieen the planar
| (5] isng portion of the first
S““é?%@?#@%ﬂ?ﬁ@”@%ﬁ%ﬁ@%%ng | ayer extendi ng beyond the
second el ectrically conducting | ayer. %ﬁ%f rge %@lart
30. S mehod AT 28 WHsreTh e PERST R g o Bt ool Spats
fhadk af inb Yiedi seakiricees| anar
theé?%ﬂ@?ﬁ??&Q%QZ. The sglartggp? of claim 18 wherein the
first electrically conducting |ayer and the second
el ectrically conducting |ayer are electrically
contacted only through the photovoltaic |ayer. 23. The
solar cell of claim 18 wherein the photovoltaic |ayer
contains a planar p-n junction. 24. The solar cell of
clai m 18 wherein the photovoltaic |ayer contains a
pl anar p-i-n junction forned of a p-type sem conduct or
| ayer, an intrinsic photovoltaic sem conductor |ayer
and an n-type sem conductor |ayer. 25. The solar cel
of claim 18 further conprising a transparent conductor
| ocated between the first electrically conducting
| ayer and the second electrically conducting | ayer.
26. The solar cell of claim 18 wherein the plurality
of coplanar structures are connected in series,
resulting in a total voltage being a sum of voltages
phot o- generated by each copl anar structure. 27. The
solar cell of claim18 wherein the plurality of
copl anar structures are connected in parallel,
resulting in a total voltage between a m nimum and a
maxi mum of the vol tages photo-generated by each
conetal structure. 28. The solar cell of claim18
wherein a thickness of the photovoltaic |ayer is
approximately the same as a carrier diffusion |ength.
29. A nethod of fabricating solar cells conprising:
preparing a plurality of nanoscal e planar structures;
coating a plurality of planar surfaces of the
plurality of planar structures with a photovoltaic
sem conductor while | eaving space between the
plurality of planar surfaces; andcoating the
phot ovol tai ¢ sem conductor with an outer electrica
conductor |ayer, wherein a portion of the outer
el ectrical conductor |layer is |ocated between the
pl anar structures to form copl anar structures. 30. A
nmet hod of claim 29 wherein the photovoltaic
sem conductor conformally coats the plurality of
pl anar surfaces of the plurality of planar structures.
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