COMBINATION OF SUBSTITUTED CYCLODEXTRIN Co ACT/VAIED
CARBON 5 Cross Reference to Related Applications  This application
is being filed on February 15, 2008, as a PCT international Patent
application in the name of CELLRESIN TECHNOLOGIES, LLC, a U.S.
national corporation, applicant for the designation of all countries except
the US, 10and Willard E. Wood citizen of the U.S., applicants for the
designation of the US only, and claims priority to 'U.S. Provisional patent
ap%ii%é"?f’gqﬁ"éﬁé?ial No. 60/890,707, filed February 20, 2007 “AHi ?ﬁ?@éﬁ%
incorporated herein by reference. Field of the Invention 15The invention

relates to a composition that can prevent formation of or scavenge
undesirabiesenganicsdrony gontastwithapolymarimaiibadhiedonention
relates to scavenging thermal glmt&g@%%ucts produced during

melt pﬁrocessing from contaminants inher composition and
impurities from a polymer matrix that otherwise may elute into the air, a
water supply, or an inges#BigiEgiensedeiBelatedit mulicafiont], a drug, or a
beverage. Thelrivemtionids idrangitol coRapasition ol HrerEntingihens!
release af-enspanengingaolaileiganieseompanentsdaiends-of palymers
with the compositionsiaf the:invention; and.articlss made from the,.
poly%ersagcpwiﬂ%(} e&g}r{g&seltlonms %f the invention. u_ﬁe |nv.er§’t|on IS further
drawn to methods of Makiig the compoarichs: Hsthdagsrmaiingthe
25blend <A HEIRE B R akingrtrigcartidia: :Beliskirn byl dbthe
InventiorP89ignhthieditcpolynieriesing areisetdoonanmsatal ay:afence.
applications. In some applications, polymers can come into contact with or
can be a source of undesirable gAgrganig materials that can be eluted into

the gimospherg, a water supply, or an gnggs Iole material inside a
polymeric package. These organic Taterafe iR B ol By o
degradatiGh SP SR aG Ry sreeesshg permeape Ty mseitof
adding STH#FF i etecates terhd deratrbesiSucheiscplasticizessnng selvents. A
polymer madsiiosiown alsemhan biindesika ble.srganic.matsrals from
external shiaes:ol M ORNAALASRIRE THRAA0R0EE L alow lhese
matgflalglg{grgﬂgéleaggtg th{]g (prgjym reeacka e contents. /R\ddqltlonafﬁ3 , the

barrier properties of a polyme May cause a ﬁﬁ?ﬁﬁtbo%fgﬂﬁﬁgé‘?rable
organic Matenals iRERIE Pakk SG G HRenN sterakampleifomeasinside begin

to deca)ﬁcxmpoﬁents; blends of polymers witk the compositions of the invention; and articles

made from the polymers having the compositions of the invention. The invention is

further drawn to methods of making the compositions; methods of making the
25 blends; and methods of making the articles.

Background of the Invention

Synthetic polymer resins are used for a vast array of applications. In some
applications, polymers can come info contact with or can be a source of andesirable
3¢ organic materiais that can be eluted into the atmosphere, a water supply, or an
ingestible material inside a polymeric package. These organic maisrials may be
formed by degradation of the polymer duning processing, or may be the result of
adding small molecules to the matrix, such as plasticizers or solvents. A polymer

malrix may also absorb indesirable orpanic materials from external SOUECES, OF
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One industrially important polymer is polyethylene terephthalate (PET).
PET 5packaging materials in the form of films, shaped containers, bottles,
etc. have been known. Further, rigid, or semi-rigid, thermoplastic
beverage containers have been made from preforms that are in turn
molded from pellets or chips etc. Eia)dally oriented blow molded
thermoformed polyester beverage containers are disclosed in 1. Agranoff
(E er lastics, Encyclopedia, Vol. 16, No. 10A, P. (84

10%4 eﬂge?beverage containers are typically made froé1 %')Upg%p ) éssﬁggrl a
product ctiarchitiapiseion folymaritatiommFirebelyesterssAybicalliy.hade
by reactingrar giyairexyompouad aned andiag oreamResINetdhia materiais
condensa{gg@gﬁ@%@@m&&@gﬁgﬁg|%g@tﬁgy(§tbggﬁb%%g compounds such
as ethylene glgﬁg thng%galnatl 4- -cyc g % anc d'o!n%a E%eé %lal
can be co Iymerlze Wi organ P}m iadio’T ES?%teéeﬁn 8F16 diester
theredf sUEHHA&E SR tﬁ‘?&%‘?ﬁl@@&%fﬁ?ﬂ? ﬁ?&fﬁﬁ“ésté?ggﬁhﬁﬁ%ﬁé‘%@i’ﬁ’
2,6-naphfiiengdicanssxyticacididnietybdissterthpreofiats ke
condensatiénipoyeferiz ation-rRatianieCGs Retweeanihedieashoxylic
aCI? o aclimetiv %I@Ja%%&ﬁ%@éﬁ%ﬁ}%&%&%ﬁé&%ﬁh&% ggalkdiven
metal cata I r or.metha Jeac

by- pro duct V|n ggﬁlgeﬁﬁ%%%fecﬁ? egfa v 1 Hgstgg%agt %ﬁm ég%k
resm |s formeé as eé%ﬁ%\?%ﬁf&ﬁf‘“’f? ‘%‘Pﬁtﬁfl F%ﬁ aﬂ&?ﬁféoﬁfﬁ?qﬁfﬁé
thermal ﬁ?ﬁ@%ﬁﬁg’?@ﬁﬁ@%ﬂie§‘i@ﬂ3?ﬁa§@rﬁammaib@ﬁdfémrmtbm molded
directly iffodreontapaerd Alterhatehriherpalyestessanhefasmead into an

intermediatarpiaionn hajsan gbﬁgb@ﬁg niroduges inte.a.plowsmalding
machine, TG RlNESIR IR alcH AgbIown 10,80, appropriate siape and

25voJume for a bevera%g contalner reform. can e arélnglealcayer

material ‘ZBIAVEr O PSP F‘é‘?diﬁ‘ﬁ‘d Sufh SPsife EatERsReRAE used
to promdf@@%ﬁﬁﬂ%ﬁz%%h%ﬁ@ﬂ%ﬁ%@tﬁfe@ﬂ digibid dnsitetiseethelot e
dihydroxysemsoundyitithebeginning of thedsmel phaseqathylenesglycol,
terephthaliﬁtagei&m@ﬁ:@%_&@&-@ﬁ%@fs@ﬁg&dﬁh@ﬁu%&m&r&@%d 30to
the rea@@m&%@&&%&@%ﬁ% RR.ALS Kaawnn the artlo,be, syllable for
the £5an3e§tenf|cat| gn ? alfs of organic acids with brvaight mgetals

(e.g. manganesgr . atai’“"ca:%ll SRS EYEAPRASETERBIeed as
-direct eg’(‘@ﬁfﬁ%]ﬁbﬁ?aﬁfeﬁrg’ﬁ?@%ﬁ@‘ﬁ@ﬁﬁﬁ%a%@ﬂiﬁmfemﬁwﬁé%@ves
also catalygeniepolyidehilerisation teastionAkntinaoNy: geyeaaniit:and
titanium feempan aelsane-pref erally #6Qeha%:n be inroduced into a blow-

molding machine. The polyester is heated and blown to an appropriate shape and

25 volume for & beverage container. The preform can be a single layer material, a
bilayer or a multilayer preform.

Metallic catatysts are used to promote a polymerization reaction between
diacid material and the dihydroxy compound. At the beginning of the melt phase,
ethylene glycol, terephthalic acid, or ester thereof, and metallic catalysts are added

30 to the reactor vessel, Various catalysis are known in the att fo be suitable for the
transesterification step. Salts of organic acids with bivalent meials (e.g. manganess,
zing, cobalt or caleium acetate) are preferably used as —direct esierification or
rans-esterification catalysts, which in themselves also catalyze the poivcondensation

reaction. Amtimony, germanivm and fitanium compounds are preferably used as
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WO02008/103657PCT/US2008/054281 polycondensate catalysts,
Catalysts that may be used include organic and inorganic compounds of
one or more metals alone or in combination with the above-described
antimony, also incfuding germanium and titanium. Suitable forms of
antimony can be used, including inorganic antimony oxides, and organic
compounds of antimony, 5such as antimony acetate, antimony oxalate,
antwgoznﬂxsg‘lgggxide, antimony butoxide, and antimony dibutoxide.
Antlmony-constaining compounds are currently in Widesprgﬁa’%mﬂ‘?‘é‘?@?al
use as caralyasars pedicl Catdetifeblecomigination othighxsactien rate
and low cotanfermatien: fitaritan Bay He: chaseR i onm IS5 AR scribed

consisting,@fihe llpwingLrganic.danates.and Hanium. COMRISXE S

titanium xalate. titanium acetate, titanium butylate, titanjum benzoate,
titanium ?%%%?gﬁnrwg{lég %ﬁﬁ%&%&?ﬁ%ﬁfgﬁw OB R ERT I APRBEEE are
not géneFAilBEEY et BreRrp ratleetarmon Artisemintihe melt
phase, aff&Ps56iyrenzatodinedmpleterand molecutarmweightrisurrenty
maximizeédykkepiocshispalietzedibappieis amwstealadmsalidsstate
15 polycendensation-tadnsieasedaiinsicviseasity. iR aider to.ghtain pottle
resin of %‘dﬁﬁ%ﬁ%%@@%@m—rge a%%t&%gsmtgs %&)lg&l}l comprise gnet%!ﬂllc

diva entor rivalent cathns.ET’Tf%e treatmen o‘F polyeste 'matert'fgfs
containingeatal/ats e &R Pes Bt b YT Bt R rSiatoH: SHERBy product can
compriseSTEFaRHE-Grg anfesraténindosineh 00asdireldelyde mateiial,
commondyedinalyzedcasmentatdehyde. The formation of acetaldehyde
materials can sause.0ff adarenalt taals indhe.heverageand.canprgyide
a yellowlsh.eashif s, lasle, At IO enG e NlLalens, FONERI L. e

ma I#fact%rersdhavne addedphosp _orus-Bas,ea a &?tlve‘s as meta
stabilizefs 1 reauce acStAMBHHE ORGSR T Mgy Sttdrhpte For duce
aldehyd&FBriatisHERa TE RS sairstics protiemelikdtimiony: predent as
SbH, SiEetgrand Sb*sin the polyester as catalyst residues from
manufacture aaghe-heducsdyie.animonkmelal, 2k, D.ie addiives used
to prevegy,aldehyie, fprmatien or seavenge such, materials. £ ormation of
metgllic éasr;graq&w can cause a gray or black agggaran e tor?ﬁe. p}lastlc
from the dispersad, Tnalr SRABSY TABtAt FesraistseTHE Righttibtbeular
weight tﬁ%ﬁ@ﬁ%ﬂ@%@%f@?@&ﬁf edhtainitaettiig dwbrieneofredatively low
molecularovidigtiicotrposmnadihéidita saritie culanweaightrsubstantially less
than 50Ggramserpernolaiasgaskil-akihegatalvicmeshanism.diseussed
above oA QDR SANIC SR ESHEAMRRUNIE CANLDE BXLIACIahle into

food. water or the beverage within the container. These beverage
extrgglcta es‘esgprg?:%ms. Antitgﬁny present ag SbQ? E'lbaJ and Sb™ in the pciyesicr%s

caialyst residues from manufacture can be reduced to antimony metal, Sb°, by the
additives used to prevent aldehyde formation or scavenge such materials. Formation
of metallic antimony can cause a gray or black appearance to the plastic from the
dispersed, finely divided metallic residus.

30 The high molecnlar weight thermoplastic polyester can contain a lazge
variety of relatively low molecular weight compound, {i.e.) a molecular weight
substantially less than 500 grams per mole as a result of the catalytic mechanism
discussed above or from other sources. These compounds can be exiractable into

food, water or the beverage within the container. These beverage extrastable
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W02008/103657PCT/US2008/054281 materials typically comprise
impurities in feed streams of the diol or diacid used in making the
polyester. Further, the extractable materials can comprise by-products of
“'the polymerization reaction, the preform molding process or the '
thermoforming blow molding process. The extractable materials can
comprise reaction byproduct 5materials including formaldehyde, formic
acid acetaldehyde acetic acid, 1,4- dioxane, 2-methyl-1,3-dioxolane, and
oth&’ &P&zﬁ’?ﬁ?%actlve aldehyde, ketone and acid productgcﬁﬂ§fﬂ‘5@5€ﬁ§‘
extractabletrrialteriadeliz armportaipuresiduatdiestes paliolior didicid Madterials
including saethanck ety energlyeolterepbthalic.acid caimatiylrodacts of
terephthaﬁugm%ym@e!amcﬁsag flicarhoxylis.acid.and &%&9%&%&%@
thereof 19Relat 1?% low m ecular \Qz&e]ght compared to the p%%ester

TOUESS, [ 53¢ react au
resin) ollgomerle ar of cyc S T ST S B g REr B TET ade

by redctif§ iR ot “éff‘é‘ﬂ’m@ﬁ’éegf%& TS %F%?@Bﬁtf‘fallc acid
may be plexent? Thége! fefativehy. o oholegulareligemiéty aricomprise
two or me¢R prales. ofudial cerakinediwith-tue of mese alesdebeiatits:

S o = ke o V I
1;3.?)? 4%@@5@&4?@&%%@%5 &g&!syégg o@@@éﬁ&%lfj g&iﬁ%% 0

separation egn%ﬁcféﬁ fieation ﬁcﬁ ies comprisin oFy ethylene
tereﬁﬂd.a‘fa’ﬁé*y%w&ﬁa@@% ﬁ%&?ﬁ@ﬁ%"ﬁ @h%ﬁ"r‘%@eﬁé’gﬁkﬁ"ﬁ*ﬁa B4t
"SupercriticaFdidExtragtion distbGhromadograptipfordhelDdtdniination
of Oligomsrsiand fLelyiritniepriarcplithalate) &t gh-Analytioalow
ChethrMochQim@%gc%QﬁNQm?cgm%E%? Er]n%ré-g%gl;lzs & Bm?(ﬂ{’mgcﬁﬂm two or
discusses exgle{lmental dsgagrcrlgcal flzu lfdpgzroce ures f r sepggatlon and

DT
omp effh%é’neter Shthalate

identification of a I Iower 0 |gome? |m uri

films?> F§5ds'Gr beverigés ‘d&ﬁ}t‘é\ RngrthEde NI =
derived fremathe voniainietionsd REV anaupbrcaipechioffradtéyirehanged
taste or exemyins0nlecsases s2sediendHasiewhen canssaned by a

sensitives %%Wg&ﬁ%%{@gt&@Mﬁ@wﬂ%p@m%@a%amerfere
with the pgreeption, ‘%» ther.an aroma note or a flavor note from the
beverage aterla tlon F Some Su stantlalag oncern eXIStS Wlt
respct S %%E?éﬁ&f or' 8%&%8@%8& BRI GRS I SR tiA T Ehn
be extracteerirte everagesididitifzficcohsinmpuberrBoTetEésfology

relating teogemnpasitepsksedilinsthe manufacture of beverage containers
is rich and variegdadb- g parxihertashoqlogyisrRlaied 4o weatadmnd
uncoated palyplein.conianeaandIg.coaled. anduneoatad palygster that

reduce the g‘germea | |ty of gasses such as car dioxide and ox

thus incrBaSiHyERSTFME RSN AR e 8 AR THEE TG et ods
and to bétiedktape e oo PWaPO0EbSES FPTIItS2E6BIoSHES1

from the beverage material. Additionally, some substantial concern exists with

Q

respect to the toxicity or carcinogeniclty of any organic material that can be
extracied info boverages for hurnan consumption.

30 The tschnology relating to compositions used in the manufachwe of beverage
comtainers is rich and varied. In large part, the techmology is related to coated and
uncoated polyolefin containers and to coated and uncoated polyester that reducs the
permeability of gasses such as carbon dioxide and oxygen, thus increasing shelf life.

The art also relates to mannfacturing methods and 1o botile shape and bottom
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configuration. Deaf et al., U.S. Patent No. 5,330,808, teach the addition of
a fluoroelastomer to a nolyolefin bottle to introduce a glossy surface onto
the bottle. Vistali et al,, U.S. Patent No. 5,350,788, teach methods for
"“reducing odors in recycled plastics. Visioli et al. disclose the use of
nitrogen compounds including 5polyallcylenimine and polyethylenimine to
act as odor scavengers in polyethylene materials containing a large
proportion of recycled polymer. ,Wyeth et al., U.S. Patent No.
3 75@,%‘83}%%W a blow molding machine that forms a layerOFoKfeEEr
that is blewrfign=zidalawamnolt, Addieanan, L59,Batent Noswila 4633,

teaches palysifvlenadetcaniaalaiataiorms.whish ars.neated.ansgcoated
10with a98!%%@&3'"%?é‘%a%%‘%&éd§3§?9§§§i§§ﬂfl§§% that forms 8 yapor or gas
= . o 5 : ads 107 1e Org

barrier, Halek at al., U.S. Patent , teach au%}? cess for

preparing BoISEriTIEh e t8rE SHndERs B yrh et S TrsetaP P Badralydine
containe RS BETPIEBEE etdaklyelhGeieitemt Mos 418851088 téantrabplocess
for preparingibiaxisdhyigriante diohatonstheymaplastic. shaped articles in
bottles using avbjaxiakdraw andblow molsing fechniausA L Rislaun is
olow molgiag anfinenMAnAIN A ceatact Wil okwals ok g meld o at
least pargj%lzl,}/ re3duce internal residual stresses in the preBPdrm. e
preform Cary & -SEGIEH S Iran I8t 5 B propRrsisetmy e’
blow tnoldifig BpetatisrnCertirareta: Heshp fontNoodsdss B2t teach
a polyettijdehe tergphthatate polynlefincallaypheaxite nereasedsimpaet
resistanagedghste pReiadviaudimansionalafstabilitvand impreved mold
release. fRyqaps b3 LAPILNG 4413215, leqches an improved injection
blow moldin dg‘ggaratus and met o&? Inthe metho , @ parison or preform

is formed B & CooIel YU TRT RBPHHEIROHIARAY MAtERA rIRe pfeform is
coolbd affiftRel tamariieaae teamisirimcidirmpp osiibn ¥t frangd is
then stretdhethabiaki adtipeiienteldstbel etandur@mered frompthlrdewice.
Nilsson, &d@_ﬁd 2hRatend-Mes lﬂe%gﬂaeg Ziza ieAches ﬁomﬁm@.% tﬁ;@r&ﬁ{m.
manufackinga iermonlasts conaiseLaplsing a arinated.
thermopl%§t(|)i; %’BEHOT V%gpreform._ The preform has a t%err%o lastic layer
and a baftier layer whiCReis SuATCIBRH) TPATars TR b ransriat
shape af@tbPrARG s ey €optiifdireg akiels S dielp: Ns. S /Patbh s an
4,374,818preatiectiobblar prefosmrused toiprodtdcesheontaid enafive or
preform js-BReanveitednnta.adottierMeotilleld-gadatenNord 368:826;
Howard cJf;eb)am @Qt@ﬁ&meé‘@mﬁ%@@@aﬁoﬂ- LA NRe
4,342,39%@%@%@. P%}gﬂtn’}}%ﬁa&z 0,2 éKrlshnaku,mar ,%té(g, U.SS.
Patent NO. 4334627 Shyder St AU S BATR No™ 4518488 o
Krishinalttiffaretaf & S emhtehtriy ¢ 421 pardsrivg e fresstrplasueiner

containexsrprishett estnevirni preferiefisiapesofoge! fTSapprtingsbottom
WO2008&i3636857PEyk 8 20080h4284iaon fightationankHirata.fdS. Patent

No. 4,370,368 1gaches AAasic Dalle.COmAISIng.2 thermeplagtic

comprisi inylidene chloride.and an acrylic monomer
omp SL‘QFQ{%@X, teacpxampuﬁr prefoann used 1o pr duceacoutalrz?e% The preform is

30 converted into a bottle. Motill, U.S. Patent No. 4,368,825; Howard Jr., 1.8, Patent
No. 4,850,494; Chang, U.S. Patent No. 4,342,398; Beck, TU.S. Patent No, 4,780,257,
Krishnakumar et al., U.S. Patent No, 4,334,627; Snyder et al., U.S. Patent No.
4,318,489; and Krishnakomar et al., U.S. Patent No. 4,108,324, each teach plastic

containers or bottles having preferred shapes or self-supporting bottom
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and other vinyl monomers to obtain improved oxygen, moisture or water
vapor barrier properties. The bottle can be made by casting aqueous latex
in a bottle mold, 5drying the cast latex or coating a preform with the
“aqueous latex prior to bottle formation. Kuhfuss et al., US. Patent No.
4,459,400, teach a poly(ester-amid) composition useful in a variety of
applications including packaging materials. Maruhashi et al., U.S. Patent
No. 4 393 106 teach laminated or plastic containers and methods for
manl?facf?uWES the container, The laminate comprises a nfGit/EF#e/054281
10plasticanéiteriabin HicoatiigHaye i Smith ek ataddeS: fRatepitNo,

4,482, 5860365k adauilaver-ohpalvesienanticla having.0906:0xygeR.and

carbon digxide. Ies.eopaining a olyisophtbalate polymer.
Wailes, Lg)S Pa%%%%%%?%%g%% 8 and Arf&%lfo 14, tre%ic% tr?atvgfv’}aguc

containers can b Bge’fueatec?%f)o |mpr1<’)c\}’elaﬁ) ?ﬁ&?%ﬁ@?ﬁ@éafﬁifﬁé @5@%‘& of
orgarfic rﬁ’if%grf‘gﬁaé}fﬁteﬁé%&@iwﬁé%%%éﬁ 2ipors Bigforietiohotkthe
plastic. Ritaastral Xubigs Pataht. Noes 27 4,23 2pteache sbgavenging
acetaldemm@maye%iag&@wmmw@am@m&m
heteroatafasGaplainiag: ynGinal ssovps alcan font s, S@membef
bridge thro Ighfﬂcgil\;densa |on Wlth acetaldeh cfemm‘f

2000/66€59 gigner et are %W@eéojgffﬁﬁﬁi"t%’%ﬁefﬁ

polydi mgiaéﬁ%?éaﬁga%ét@ﬂ%% %%n‘éé@a@lﬁﬁhéﬁ%@é{@%ﬁare
that the palisterirasdveamidetalopedandformitated dohaveshigh burst
resistanq&&m&ﬂsﬁmmamﬁmﬁw@mwﬁ@e@fﬁmﬁm@er by
carbonateshDearaass: gk eegR BNtk has pegn done (0

improve EI)Qeﬁrregstance f the po lyester materia to stress cracking,during
manufacturln “Hifing %eg%r & RRSHTTRARSRS O e pEIY AL TBraterial
or 25tor i &%tgﬁpi"?ﬁ%‘uaﬁ‘%ﬁt Applitdatsnt Shotid' Aot cormproniseithe
structu raﬂcﬁ‘fﬁt@m sithesdfonmred-cantarhéry Bevdrageahaaufacturers have
long seaschesfofimpravedhatheratenal ol Glagepaidhissgsearch
effort was,digcked i aban o daed0AZ) AR OB ORI IS

and watgf ‘f%@%(@%&% More ?enk}é% r| inal b?t

9 {ca,ch the seo o &
30manufacturers have h Ega Sighificant moreaca i SERERRAN o the

presenc¥df ’E%(fera@gﬁ&xfﬁ’ﬁé’f&b‘f’é"ﬁth‘é@fé?%{@%t%réﬁiﬁﬁﬂrﬁﬁf’é‘ﬁﬁ@?ﬁ the

resin or EGHARR EHidiwdrchas e ttediv provecthertd e lastits with:

polymer<caaiings oripalyrerdiaminaiesaflesspermmnabio. palymeeide «

decreasgperaieabii. IV 2RHPIORIR G TL152008/094281  Even

with this,substanti Iiﬁ%%&%f gg}%wn OQY,Su bstaﬁgga{l} ne%eerd has agnsen to
opla

deveSJop b|a>3|aJI¥l orlented ther astic polymer aferlalsafter everage
cortaindPeTHAL ﬁﬁe%ﬂﬁgféﬁ%%%’aﬁﬂ@‘fﬁé"éﬁﬁﬁ’éﬁ%’ﬁ?gﬁéﬂ%%an|c
materiaf&fgtly o6 ehesrEiage in the container or reduce the passage
of penneants Bavtheexirabtalte by aiesieds: thadpagsiriRaverages.

intende dfRreBLHamE QRSN as ﬁ@@k@%@&ﬁmm ghigains and
absorptigh of EaGUME-OIAANIGS SUC '2}?&% eta'd%‘o\!dec';‘n Vem xta\)/\llq:otﬂe

siggificant aftentio Prop osals for reésolving ng the probie

posed. Bne proﬁf)ssg invo v"e%“ﬁ%ﬁﬁt@”%ff\?éﬂﬁﬁ ﬁ’félrg W‘?&{‘f&“iﬁ‘é’ Hhosphor
compoUiF H&a Ry Teterseyelenansiahmiy irvifor exaimpld /O
97443760k 04F P27 18rardid b8k Blatent N @olbB7 dohilgsansb 3R 7049620,
Anothendpiagasalicss permeable polymer to decrease permenbility.



which has received great attention, includes solid state polycondensation
(SS?) processing. The materials after the second polymerization stage are
treated with water or aliphatic alcohols to reduce residuals by
decomposition. Acetaldehyde may also be scavenged with reactive
chemical materials including low molecular weight 15 partially aromatic
polyamides based on xylylene diamine materials and low: molecular
Wel ht aliphatic polyamides. See, for example, U.S. Patent Nos.

§ 2?2%) é 642 908, and European Patent No. 0 714 83?23’?6%%@?3%
polyamldes SeBvW 087 Gi4IR poiletivndbnd-dtnine ke 862784 arisen o
polyarnidesenitesepitbalie-atid-see M09 728218 an0:he Wse-Qfnrainers

20|n0rg a@:}ﬁ &Q%&f%@&ﬁﬁ%&% éﬁ%ﬁ%ﬁa&%&%f&h ?tag ntezf\li%ta a?f G g /1.
Ba\grodla?i UeS Pai}mnt No 4311908 uses%@ester lyamide blends to

improye 1 A BSHRR NG 0 885,

AVOr of 03 OnATaa watar HERseRe
teaches W&éﬁ%ﬁ%ﬁ@?ﬁ@vm}%ﬁ%fwf?ﬁ%nals Ebner,
U.S. Patent N§eBigyatop ¢noisttesinhes Dxygen-sbavengingrnatetials in
polymerac%ﬁnﬁy hbdSirRbRa etk B0 2 b 4. HHBCRE B RXYES A biom

Scaveng@ﬁ%\ﬁlé&ﬂ@b&&fdﬂ@%@&hﬁ&&&b’é%fg BYMEHMASHANS, SRESL:
U.S. Patgp% No dssa%z 297, teacheésbrogf) ro?uct absorbance 0 b

com |ned With oxygen Stavengers in mer 8y STRARE PAmA s,
Patet NS, & 8145145 1%%%%%% Bt &%5%67‘25%%@%/;3“&%%@%&1
interpolyw%hﬁ_a%’ﬁv Qi RS, Peirdmt sl 518 50788 stedeh@sinethod
for reducingestiarsTia BotasyetetiplastiesolymMoach alakiSicRatant Nos.
5,837 33%&%@;@@ ﬁénﬁ&;%ml@auc@ NSt éél%ﬁé%&%é%%&%%m
pendlng,a{g%glgcgg e ey xgact?BSt'tlﬂged cIo XIr@‘_’[_éJ[Be% %/esteecruL arovz atﬁer

proggrtles Wood e atent No. g e use O

poIymer’6?&7’?3&%6‘?%‘%@@8‘6%%%%5%7@%% BalHal Bro8rties. WO
2008/103657CTY g 20baiosApeides. Activated carbons (CAS No.
7440-44-0) aréepdsoussynthiatiessalidbmatesials, et are, eamameealy used in
a wide varﬂ@m@fcan@Igg@%ﬁﬁé@fﬂ&gféﬁ@&?%é’e@&@i@f&é@%&éﬁ%%ﬁe
removal of ggses @PQJ ds f@z%tl ﬁ ted C‘%@%@Qf%ﬁ%ﬁ arél ular

acid; -washed  activated car on 15 & highly desira aterial o srtrain in a
5 polymane mafis ’tﬁ%‘%ﬂf*ﬁ%"é’é"%f%é}é%gﬁﬁﬂ‘@%ﬁﬂ@%ﬁ@ble organic
molecules in @&%"%‘?d‘ﬁﬁtﬁé‘ﬂﬁh%@éé"%@%uw eovayoindefdeiiedsduring
polymeriprove Seingodsztheproductsnicthernalidesonmpositionsdadarrier
layer appligatiensedhe: inelisianohcarhonauis be.desirabigonthe

purposesggy}gw R N ties for materials that wo
(?gwae dlf%lsgj ﬁ%ﬁ?gﬁ%&gg%%%%mr& 10Ho v@m ever, itis ]Bx“])gdly

erstood that ¢arbon tﬁfﬁ?&?@?ﬁ?‘é%ﬁ%%%‘?ﬂ?@ﬁ“ﬁ?%ﬁ@MPH* Folymer
Iayers shebE Bl beHighty e Seattdting araameppicadiyiprovide a
black oregraieeast to polyme wisyesgeiftargeenoughnindisicisabpasticles
can alsallserabsamnvegswien M&embmacﬂﬁxa{@%ﬂﬁiﬁaﬁlﬁ%&%@%% such

as a walgiRig.sol et aLAANNSY MalheMany.ni foumulations, for
example, ’PQQ QY. Lo 15 carbon black as the bll’lac pigment ofcmﬁmce

Automobll3é tirés ty typlc Ey employ a large percentage of carbon black. The
light scatteriniy Sopeities - SresHen Witdoaesiabiv FPSolhe GPsiRdations,

are not #ésttabieriiftres foriogdrmblée asclearbwwater oypdnitexion anoRagUe
or transfudentenhite:pelymen matlix 5Saesings 7,156,671 teach the use of &

yolyme:r grafted with cyclodextrin in polyolefins for barrier properties.
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Further, the presence of any particular particle in a polymer matrix can be
20deleterious to physical properties, Particles can have intimate and
strong adhesion to the surrounding polymer matrix. The tensile strength of
the polymer matrix typically increases, yet the elongation at break is
decreased. Even where matrix-filler interactions are favorable, the
resulting physical properties often reflect a lower strain at break than the
matrlx mherently possesses without the filler due to 25increased stress
per it BF&itain. This may be undesirable in certain appll%%%% 08/654281
especially whetethisteniiks Hroptetiddoftiepolymerhiase péematerials
optimizedhsithout-othermaier ials: being preseatokusthentibias been
observedithattheduseafMer.smalt g@@&i@&&i&@"ﬂw@é&'%ﬁnw as 0.1

volume f 91'2“%1&%%1:%53@%%9&&' 0 té%,n is %&:tual%q%lgtlgnol@to
the te S|esren% and |mpactstrengtjh in“30addition to lowefing the

elongatidi at Bre B AL P HE G B S R O VSRS . (For
a discus&orrafigis &?H@ﬁé?#éﬁ@ﬁ%@ﬁ letmen durfE pSlivmp erhebepohe
Stress-Streinc ré prentigsiobEitedoR olymers iaderAppkRok, Geindi@ 6103
(1966).) VM&Q@&&Q&@&J@%@Y&%&Q&@@%%g sox YRGS, RhESIAN

between&%&@&l%ﬁm&&gggﬁg gﬁ mlnlmaltﬂgilongatlon and
othe tenS|Ie pﬁoE’ertles oé {ié%m%\%/mer matrix %ay remain largely the same

as the matrix WRROUC fIEF" PR B AtR TE SrEteREdothe 4tk of
ad heaoﬁ“ﬁ’éﬂ%@ﬁ’iﬁ%ﬁb‘aﬁfe fénefertiven pohjehis tighowsethe filertouistort
and 5comeeritraténtherstee sssfie kbl propaghting a-vaid At faadparticle
in the direstisawRbiseclress tﬁ@c&hﬁxﬂ@ﬂ%@@@x@ﬁm}@m&@\é%iﬁom
one filler,partigle.fo, g next.and causes witimate failure of th mer.

Var| ions on}t) se str?ss -strain behawors can occur Iin t e m s well.

Thus, a T8 DR/ FREN Phally e usemetis rra el Wf?fé"?‘ﬁatnx

ficle™in & o
even wh ﬁ’l@f&ﬁ‘l"ﬁé‘l’é’é %F@%B‘%% éﬂP‘ﬁFgE!@éﬁfm%M@aﬂsméW@ehe@ﬁfratlon

as to be drrdiblie tostheriakedseyend/ digdsnnaydor i mdhgdireetonef
stress aszﬂt@@hml@faﬁ'aehia&aﬁ%@ﬂi@m@golﬁiﬁm&glﬂﬁ%ﬁ&un or some other
process that igghts %ﬂamg&én@aapgmws&lm%%%w%d% [paybs,visible

B e e
because tHEEBHE ﬁﬁﬂm%pgﬁiﬁﬂlfé‘fféﬂ}‘h?éﬁlﬁ?&%wfw@mhat the
typically increases, vet the elongation at break is decreased. Even where matyiz-
filer mteractions are favorable, the resuiting physical properties often reflect a lower
strain at break than the matrix inherently possesses without the filler due to
25  increased stress per unit of strain. This may be undesirable in certain appiications,
especially where the tensile properties of the polymer have been optimized without
other materials being present. Further, it has been observed that the use of very -
stall amounts of filler particles, such as 0.1 volume fraction or less of the tatal
composition, is actually deleterions to the tensile swrength and impact strength, in
30 addition to lowering the elongation at break, where adhesion of the filler 1o the
matrix is good. (For e discussion of this phenomenon see Nielsen, L.E., Simple
Theory of Stress-Strain Properties of Filled Polymers, ], Appl. Pol, Sci. 10, 97-103
{1966).)



physical properties of the polymer may be compromised in subsequent
applications. For example, burst strength of the resulting polymer matrix
may in Sufficient because the defects cause failure of the matrix under
relatively low pressurés compared to the polymer without defects. Impact
strength, tensile strength, and 20 elongation at break can be similarly
affected and may render a polymer matrix unusable for a-given
appllcazté;((})p Further, many fillers, including carbon, will tend to increase
opacity of % therwise clear, water white polyester. InclBSTEHBIELH58h
as a filler will ty{reed blipsipa btiarqgraly: castioahich isipndesitabiedameertain
applicationsuguimheveragendbeantaines botiamdlonemer, Qienetal bt S.
Patent Nauf, 35637 islasmibenss,of agialed carhandn.pgliester
matrixes, \%here aF?e e.p rugI% ze of % um or Iess preferably 500

a
bb Tier o d tOl’ﬁﬁl
urn or IeSS may e InCOI‘ orate er Wi OU proaucing

discoldrafigie it ETV4] i%"é“fl?iﬁ’r@?i‘ﬁﬁw i‘)‘éﬁ*ﬁ crewa fee eEbdednStstprtion
transestetitieatives réadtionyofrihelpdly esters Fhéearboiiiparticliesoare
milled priesdandQrse: inthe:palyester-famalation in order to reduce the

particle size. Pb%%ﬁ@isgmﬂgé@%%%é&%ﬂ@%@l@m@i?ﬁ%@{& RQfen.
dlsclosedrhnor aalghtpe pr sence g structu uali%l glefect or V|sual d(ﬁfects

€1 T C& 3C Vi
aside from giSCO ratlon ?r}miusmn orac |va car on Wltﬁlac cfodex rnis

foundlin SHREIE B TESERIbTESH w%ﬁa%l}fombé%ﬁb@m%m%eu S,
Patent N&283G01, Y765 WwOR008/1:0 8657 R CTFidS 20081954 28iidistiose
polyolefindompesitinnahayingasayctadextinand a-dibenzylidenssatbitol-
type ComﬂgHﬁ@%@%ﬁ@ﬂ@'@&%ﬂﬁl{@@ﬂﬂy%&%@@n@%ﬂ@g@ﬂ%@ @h%@leabu'[ 1S
not clalme%&,f\n re se;ﬂ S,dg §S é lgl gé i gcilosea

e ke, o0 lﬁﬂéf?fenﬁiral élﬁ: acmay

polyester composition having a po ic alco canb

cyclodextifeERa Arartdisl “’E’F%‘%‘f@ﬂi SERE s, E‘éﬁ“ﬁ?ﬁﬂ%@lﬁ% dteuse
of cyclodeiiti e revier siithy isbmetintey Weterrsaiitofdnrobyrmers fotithins.

purpose sbrevegsibly-viseasiying-aguenusisysiemsx Adforasatanhaving
‘carbon blagksisidisglaaesh betisnekclaimeth:NakamaetaleuldS. Patent
No. 5,854, %ZQW%@%)S%I% Inkﬂg:qln’c]i%%%mo;% copttraln U&g %9'0%?)( |3n

Carbon blaci IS dISC ose ication as a gment for abﬁank ink

formUQatl(?)]ﬁn%ﬁ’t‘?ﬁﬁﬂVﬂim?yé'Fﬂ éff%ffed@"émﬁé‘fﬁ‘?ﬁr RIGLEEFF767 and
Suzuki at#saily Br pEtenRis»$849,111 disclose ink formulations having
cyclodextrin affd-¢arboniinek asiaicptetantwilVeadat akrebd-SpiatenbNo.
6,833,342uliscioge.an0n myge@%ﬂ@&%ﬂ%@gmgmtmrwmﬁy
cyclodexiip,tisefyler cael sleaning.anplisalions, Garben s disclosed in

a long list of optiC onal potentlal&gdlt&/e{sj o gt IS, ! 5C %lgrgggdd 151 @rilhef
COTH t’he ﬁlﬁ?elii}ﬁ)g ver, (o ef atent No. 6,3 15close the use

Discussion 0
of activated carbon in polyester matrixes, where an avezage particle size of 2 pm or
less, preferably 500 nm or less, may be incorporated into polyester without
producing discoloration. In that application, carbon particles are cocatalysts in
transesterification reactions of the polyester. The carbon particles are milied prior 1o
30 wse in the polyester formulation in order io reduce the particle size. Physical
praperties of the resulting mairixes are not disclosed, nor are the presence of any
stractural defects or viseal defects aside from discoloration.
Inclusion of activated carbon with eyclodexirin is found in other

compositions of the prior art. For example, Nakazima, 1.8, Patent No. 5,001,176
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We have found a unique class of additives for blending with polymers that
can act to prevent absorption, generation of, formation of or scavenge
undesirable organics form the polymer materials. Alternatively, the
~additive can act as a barrier 20 layer to prevent diffusion of organic small
molecules through a polymer matrix. Finally; the additive €an scavenge
the byproducts of thermal processing, where degradation of materials can
resw&% (g%?rable small molecule VOCs. We have foun% ;%%2 tas;354
comblnatlon of cyclodextrin and activated carbon partlcles is @ desirable
additive ctripsesmisiiordmeieision intosvaridubpolymediREzmiatricesitol-
Surprisingly, shednelusiciofiearber-paiicles ishighdensficiak.even
when presgntat ARRkINLC Qf'@%%ﬁtti@p 857 W%@dﬁgggq %@Q&W%}mmﬁon

CyC|0deXHA@nga%5qy§ rc]i(rj:iclaa SO QLV%}H?: cay (:/fcecyCCF %1-81 mG:F&ngrtse?ft 5 Pa

cyclodextrln )élncreasmgt € amoun hinFres of & comple

By using 16w E5nce AFARBHE BF Shixit "ﬁ%ﬁ‘ﬁ&l%%?%@ﬁ\‘iﬁ?éﬂ%%ﬁé??l%
have fourt ¥t i tighrseatierngbbropertidssassoeiaredwith 86mekrbon
are not olssestede\eneriapplicatio RSFROIINONAKIGRS PAIS L B ngen:
water-white figis M@%&@Hﬁ%@h%%&%@%&@&%@%%%& gmall

particle A [ n R sical pro rtles of the flnls tlcles
havu;ntg Eéaﬁ%%%%gr%u%%a% %gor )é ?a%clg%gls not sgﬁpflca %Fucaﬁénged

the polyrggeh% At wo 20081 YoF6578C F8st08/s "“'
substantfaif-fhedsle Thiutlshenbrtinsinination=ad breaidleicssas the
polymer withoutihe carlioh. pasticiess, 233, Theiaciivated-garke deodorant

complementsstie W@H&gxﬁﬁp RRHISS: %ﬁ%gl%ﬁétﬂ}p}xﬁ@a@n@ﬁ%n is
scavenclg aLOISAIE £9TBRURLS SUEh A5 0IGANE acilsn acidiion fo the
Cclo

5 alqghyde scavenging properties of the cy extrin compound The
scavenging of organic amds is partlcularly benef|C|aI because in
subsequent thermal proced&ispls geie Eyatdiniing cyclodextrin,
organic acids & feydérmic, cet clamek mmnamm@@ammhwwerﬁm
a-D- g|uc@pysaa@s;eehm&wm¢rgmawmﬁenm cavsing.offyelgw
eolor. OGRS AEIlS.AIR AEAMMAD 'mfa}ﬁ R

resips, 10 which Prey %?m I}/Opresente emw n the scavenging
Xtr

propertlesy ot cVclodextrn wars aBEE Wﬁ%ﬁfﬁ?@‘&?ﬁl@%ﬂﬁé’ﬁﬁﬁplaﬁlc
article. T BrE6EATRE BBV HeaIdssEdvargmerpropariies of the
polymerdageitiesththeaprasentinventionbE entiiensialdie vyee. scavenging
is itself increasedavdrendatheyeiasextsincgapeund.ang activatad.carbon
are incoppasaiad Mo aealmet Ml hendm sompalesig ..
scaygngﬂnglof aédeh;zd Exct;%cill%:loex%rlQI({:}om ound alone he driving
force for inclusion is majnly the au i E?Ffs B BT I tEPaction
betweer! PREPEPEI 5 185&&%@%%%1&%@&%%@1%%@% Haest
chemicaramewette. sEesdnvinep foiceifor indldsion is alseapolaapolax
interacdaRgcbetweem:theguasi-aney G cavity:dhiledhis ipttialequiliprium
to form 2hesampley. s Vanuirall é@ﬁg&%@yﬂg%}b%&)as&%&%%m

equilibriym can B%l(% longer ac Ane rium Is established
between dlgsomatedsgrﬁﬁg‘é%oma sﬁg%ﬁee % bs e&presseg"by the

compleX STABTHHFEBRetEn f e B HpnEc %ﬂz%mﬁmm of small particle size

activated carborn, physical properties of the finished articles having both

cyclodgx!:«in and carbon particles is not significantly changed; the polymer matrix
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fCD Di [CD] [D] The guest can be displaced from the CD cavity under
certain conditions and 30dissociation of the inclusion complex is a
relatively rapid process. Different cyclodextrin pore size and derivative
“modification allows some control of the complex equilibrium. If the
displaced guest is unable to find a CD molecules to reform the complex,
the guest chemical can exists in the free volume of the polymer matrix.'
ﬁﬁegumbrlum is dynamic, it further creates an 9 ortzunsljtsfor
35act|vate arbon to scavenge residual resin contaminants Shifin ‘ﬁ'?e
equilibriufietHeiighcrypicartonasindenetmeebmrition mﬂth@beﬁrmer
matrix arevithotliédewbgpartscpt.million or high parts per billion winch favors

and equiIibriunTEJHiaiaeﬁlﬁxﬁlﬁ%JﬁﬁéﬁﬂiﬁW&a@a@W&%&%%ﬁ%@”t
disclosurg&&w&g&&géggé }@mp&g{% orm, svb clodextrl Salgg (% 0g(t:gl ated
y in

carbo payticle. ditive compositions ma f6rmed g car

to cyc odexfrl% etsr‘i’mnﬁ’é‘ﬁ%?f”fg’ﬁsooﬁ@%ﬁfﬁl@?aﬁﬁﬁs‘}“@fﬁ‘ﬁﬁ| %?“ﬁ:iaﬁg%l%nt
The specifeUptsifeatrsriaibniensiratberitrg mrobuswyilicdietarectizsfecific
solvent. Fhienpyclodextrinmalde anogs xdids Groy fayaloeextrin @roamixture
thereof, Rieterably. the-cyalagdextin campaungdiilizad in the techoglagy
of the Praseptdisclasiir Involues a.auRslNIad. 201 e glogstum.,

Pref 5ab tI‘Le supstjtuent 0 10 he cycleg ex in is methyl or acet
c

Preferre AetT P aten AR SKE eﬁ%%%ﬁﬁ%%?ﬁ‘@?’ﬁ?éﬂﬁxes are
descrlbe$ﬁ¥WWé?éF3@@ RtepRdNr 8 BT BRYs8de, BBE PRB8Bi161;
and 6,138:8844 §; #0 9 7461/6,878AbH 16, & Fk; 60Bnancifed 8; B Zrewlich
are incorpesated heteilly-yeierarsa-dniheir satirelyAnethernrefered
ComPOS'@%mm&%%&%&%%%@?ﬁ&@%@ ﬁ»%%&%%&%“%o the

baclilgon aSQ%)Fhmer or pen gthon %ép imer onlimiting examples of
such matenafs include Wood, et aL: U LAPRE=PHBEE7T which
discloses a gr&ﬁ‘fﬁ@“’t‘%@ﬂﬁﬁ%ﬁ‘@fﬁ?ﬁ %WM%%@%MW@E&?I
maleic affisyeidebgroapborebefDaloigadpolyotefin daglkbonentwaoet al,
JP 5922 ¢04afical and water. The driving force for inclusion is also apolar-apolar

interactions between the puest and CD cavity, While this initial equilibrium to form
20 the compiex is very rapid (often within minutes}, the final equilibrium can take
much longer to reach, An equilibrium is established between dissociated and

associated species, and is expressed by the complex stability constant, ¥,

CD+DEBCD D
25
K[:g = {CD-D
o p
The guest can be displaced from the CD cavity under ceriain conditions and
30 dissociation of the inclusion complex is a relativeiy rapid process. Different
cyelodexirin pore size and derivative modification allows some control of the
complex equilibrium. I the displaced guest is unable to fnd & CIr molecules o
reform the complex, the guest chemical can exists in the free volume of the polymer
matrix.' Because the equilibrium is dynamic, it further creates an opportumity for
33 activated carbon o scavenge residual resin contaminants shifting the equilbrium to

the right. Typical contaminant concentration in the polymer matrix are in the Jow
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describe the reaction of a functionalixed cyclodextrin with a high molecular
weight 20 carboxY ester group containing material. Masanobu, JP

05051402 describes the reaction of cyclodextrin with a halogen containing

or other reactive compounds to form a cyclodextrin copolymer. Sidhu, et

at, WO 93/05084 disclose an addition polymei- containing cyclodextrin,
wherein the cyclodextrin is reacted as ecyclodextrinacrylate, among

others. Szejtli, et al,, U.S. Patent Nos 4,547, 572 and 25 4 274 9 85

disclose "w’"* TLIUgh et sotyiphioh Gmainal costibhime i
epichlorohysgtin, ceIIquse havmg pendant cyclodextrln groups attached by
means of alkylerg.qQxige Lalymes | olyvin
alcohol copQlymers../ ﬂfg Ro Egrgb %gwﬁ%ﬁgl%ﬁad@ggﬁcgbm&@%#g% ysxm&egt form,
cresslin) dn%q&l fion of polyi: |socyan es \;&\ﬁﬁ eyel %Iv&?ﬂ‘ﬁ%’gs‘tﬁ”@%?ént
Publication mﬂ?—"’ BSFIDP i i
93/05084, 0152 piraht Te srbass datehitiing 4:2:64, 98hiianhe

EP. 04549wa@vmdmmﬁm&mmmweter@r&e@cmm@ﬂx&@e
present disslessresaaiennlalendieise.ohaRv.eLinese. Rolyme o
ConJunCtIOHM]dgagMﬁggﬂ\’&\afi{Sbosrtllbfs%r Itn g ﬁrg 00[—%“ ne!)gttl% C}angéi) ab? the sub%iituent on

mastexb atg hes, and final articles of resenf osure USI

the processessm d‘)%éegﬁ'ﬁ‘éf‘j Biftf aerefrsretmrngens

the art of MWE%W@WMMf%@I@ bxadmemtsafr,ﬁae
present diséRistifescamprises syemiaxirivsatiached 4¢/1hesuface;of an
article by q;aaglﬁ_g t@ﬁ@%@(ﬂgm&g %%@Ig su%!ec%%e coated

article to an elegfy¢ 3}%%%‘_&1 9%%55 IS descrl e oui et al..
U.S. Patent No. 6,61 s R COTBrAIEE ReTET rveibrence in its
entirety fﬁ%%r&%‘ﬁ?‘ﬂ@&%ﬁ@*ﬁﬁ?ﬂ@%ﬁté@tﬁ%emm@%@%@e&g
coated w.ﬂ’iﬂ&?@ﬂb@féﬂtﬁ PP HRARSE Y pudithr acmmﬂamcnéemlaﬁwpn
beam trealislent otfintigatiaiaswaliie greaentHisclRRH Rl

cyclodextsiyean: %@%\éﬁ&ﬂ%&@ \S%Eeﬁﬂ %Qoﬁﬁ%%@% Copacltév% %%t%%%g

cyclode,x IS r 8 to bout
solutjgn .gﬁ’g&ﬁg ?grl%ggc%d Wit ac NVared CarRsH RN 1 tﬂ%‘m“ﬁgm
concentration 5#03@8‘??‘?%??%6‘6% Gé“faﬂﬁb&b%’lﬁt@%% Bysawibighit:

PreferabRFfH ebitsigteridnariive nloestepfronnalyottGrdethe doupvRish o
yellowing'eshthergolymaranalyines sehbwhic e DSTEcasIAen additon
lnCOprf@iﬂMb@-@Hﬁg@y DR PAEECIE Q) 9!99;98%””%&3% in the

additive i, é)?r %ent |s osure can, ran
1:1,000,9 O(_)%g 19,201 Pre’fera S rane Greamon 18R OIBH&RATT R D 1o
1:40,000."The ¢y¢ Sé&tﬁwmltﬂmwﬁ%%ma@mmm
not appeRity Hpsséndnestendatorihbdaten popoeiehaacrak tre
_ cyciodexliriene oxide polymers containing cyclodextrin, and polyviny! alcohol copolymers,
And Rohrbach, EP 0454910A1 discloss the crosshnkmg reaction of polyisocyanates
with cYciodexmns U.S, Patent Publication No. 2004/0110901 IP 59227906, IP
30 05051402, WO 93/05084, U.8. Patent No. 4,547,572, U.S. Patent No. 4,274,985,
and EP-0454910A.1 are incorporated herein by reference in their emtivety. The
present disclosure conteaapiates the use of any of these polymers in conjunction with

activatgd darbon for incorporation into compositions, masterbatches, and final
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20or into the porous nature of the carbon particle. The solution can
further be filtered using pore sizes of about 10 nm to about 100 pm. Using
this means to control particle size, the activated carbon does not discolor
the polymer matrix, a property commonly associated with carbon as a filler
material. Alternatively, the solution can be centrifuged at about 25500 to
about 1660iepn fie: resmoveidager: pariciesoAfte poolvestaddiionand

fivationarceiigalion. he addiue-comepsiions maw g drnd prior o

incorporating the additive composition to a master ch or firial article of
the present d|séf5’§]LFfé”TtEF’§Fﬂﬁ%‘@‘HB‘GH‘iﬁ*éﬁ‘fi’i‘i‘ﬁﬂé}‘ﬁ‘?@é@ﬁﬁ@i@m@@ure
no solventddrergnployedahdsdone filtiatianperfosaiad vntne additive

COrBDOS&Ei%éedﬂ?;ﬁ%%uﬁjwan m%'ag%cﬁa}?%‘?@ 5nc(9geﬁ)£hsf3@9n$h%hbﬁ progess is

cyclodeétrln and carbon can be admixed. The resu tln% owder can

be added GiFaEH) %a%{ﬁoékﬁﬁﬁ%Saﬁﬁg"r%sé\ﬂ%?@c ‘HelpsAteeritto a
thermoplsticpotiamess It i aniadvafitageshthéseembadiments: that no

special milling.osratharuaparatiansired e faken iniords o pavide e
small3 dgartlcle sizes f carbo ie%f.ure to prevent large, visible particles

from ending Up in the final aficles orThe BresERPieet ifies Because of
théthigh shear Bcotintsrsi i éxtiisadrcespetiatiyswhere: Minontewration

extrusiost is@saployed Garhon wilh avaver a@@omrét@@wa@] gfupo 100

h
fru My R RN RIE . A0 A0 AR YR LB oo OR. Y exsiony (e
final particle size will be 1 O gm or less. he additive comp05| ions may

also be Grépeis8amyrtyidsuiéritbar bifons iahpulpduebbt cmew@rmgnhe
additivertompasitiomtebauntasterbaichioy-adinal artisioaf the piesent,

d'%9'05Lwﬁ%nﬁ‘h&@%QJﬁc%ﬂ%#Q&'%?&B?Jé{a’ﬁﬁ%'% g%cgr%faﬁ'” IS aff%%f%a?o%eg{m

naphthenic extender ORS as well as silicone base ateria

can be ESEEN {67 FLtT=TmBsEiIgmaf W&Wﬁeﬁlﬁlﬁﬁ'ﬂ%fﬂﬁﬁéﬁﬁiﬁ@%}ﬂeaﬁ
suitablyldeliveitthe aetditieieahphsition ¢0 apalymert mattixnaitherdn a

single phigesd.erid a@m@%pﬁr{m HOOIS AR Q0. ANESEN 8. R.FiSPgIsion

or an emulsion. ?me embodiments of the present disclosure, a
masterBaten Oa%ﬁ%m%ﬂﬁ i ﬁ%ﬁ%éh’f?%lﬂ’(?ﬁ“be!’&&‘aaQRWW%HH‘P&‘HMW%”
th%@moﬁraémh@sﬂm@anﬂb@f@ﬁhﬁe@i Fheamigterbateh can advantageously

be stored and usediinis latefupreessaiwherahy: the.masterbaich is,added
toa po'Xb BPOSIn ha\s/fxrx] tlgllsong: a%lfg %%%'%l%raﬁ%ﬁ? (S?IZB the activated carbon
does not discolor the polymer matrix, a property commonly associated with
carbon as a filler material. Alternatively, the solution can be centrifuged at about
25 500 to about 1000 rpm to remove larger particles. After soivent addition and
filtration or centrifugation, the additive compositions may be dried prior to
incorporating the additive composition to a masterbatch or final article of the
present disclosure,
In some embediments of the present disclosure, no solvents are employed and
30 no filtration performed on the additive compositions. [n these embodiments, a
powder comprising the cyclodextrin and carbon can be admixed. The resulting
powder blend can be added directly to an extrusion apparatus, where can be blended
into a thermoplastic polymer. It is an advantage of these embodiments that no
special milling or other preparations need be taken in order to provide the small
35 particle sizes of carbon required to prevent large, visible particles from ending up in
the final articles of the present disclosure. Because of the high shear encountered in

an



15 Preferably the addition is at a masterbatch-to-resin ratio of 1:1 to about
1:40, and is advantageously tailored to arrive at a desirable final
concentration of cyclodextrin and carbon that depends on the targeted
application. The inasterbatch can be made by addition of an additive
composition of the present disclosure to a thermoplastic resin in an
extruder. The additive composition may be delivered as a powder or in oil.
After 20 blending, the treated thermoplastic raasterbatch resin is
preferablyFfeHet sagciirodse bfis toragetTim ettt terbmatiaisevbes:
made by surfdeeeaating ciips epeHeigiofa ther maplasieFesinithca
solution heving.eyeladextrinand sarban.and.applving the solutlon using

various spay cqating.apparatus known in the art of seed coating

fluidized beds, tugfﬁ%?ge%oﬁsena? &p%aryd%gﬁagﬂwg?};\ﬁﬁg Wﬁflr%’rand
25 drylngtﬁﬁé’“&’ﬁﬁ?g ‘%6%‘, & 2 semarete® PERSEYHEHipa final article
Masterbattihesroftivéipresent distlesusencaasais,a)Huaxtinatab M AR, or
to about ba@Ban: paEEbyIWeiGhi pesane: Ballonpaks byweioht of theam

masterbawymam%gagm@%ﬂ@%@%é@&% H304AR91120.000
parts by v&%ﬁht eron r%J]hlon arm F&wg}grht of the masterbatch

composition ~Th I?ﬁas el S COnta 30 CABOR PaHTchSs AP BBBut
0.005"to BBBUEBEER At By fEgHebTaFeRETillion pans bY weight of
the masterbatéh ‘@mg@yﬂwﬁmmgﬁé}qpeﬁemam labout 185 foab bt 2000:h
parts by Weigikperappisiion paksiy weightefithe Masierbaishes.
COMpOsSitigR.,Lh Bg%pfg roups
masterbajches gg@g ‘Egéﬂz&f IS¢ ogslﬁgtg ciﬁ%%%g%%m 1 o%%o (%8
20:1, Pre era t e ratlo car%%’ﬁnter TR ?c;(g lofiey 5% 4= 580600,
Articlés HAG 9&?&8@%& ArfoPeatFESit ATt ae RS ABHILY b ledicied)s
masterbd’f@h@%min@lbwélwm‘?y%mqmgmwmmﬁwbdﬁxmmﬁﬂn
carbon with dartise aie dothadna Ma shieasipnand-formingan.aificle.ram the

blend. Aligralivg ¥ A9.aRIIEAAR R THAASRKAXHURIOR RIFRAING A resin in an
additive %%m&osﬁon fIhe resent dlsc,Losu e into a thermoplastic resin at
ﬁrﬂcl

the desired concentra BB IRTERT Hhiaemura Y pifer

fornfad uLFRE%n W&W@mﬁiﬁ%@éﬂhﬁw FrerapPieeakiimgshks
the prefe??@éf%ﬁ@tﬁmtmmw@@ﬁmmwmbmmmp%emal

processingamayibeCaieatn bl iyt I BIOR LASKIELIS gpffusion,
InJectlontﬁae@&&MM&m@ﬁ '&J&&E QMJ&L@J&'&Q%%&%E&’%%Q@Q

spunbo Qe i Niaxi xial orie tatlon Qr comblnatlons
thereof. |‘ggdltlon Tgnle%\ét\éé |a ymbe m%é%r or e rﬁ” 505‘?%
con z;sunl é'&‘i%i?ﬁ’ﬁ%‘{iﬁ% oTHése materials may be

incorporated |Méﬁfarb@dmmfemmmsﬂmmsmdnasﬁerbﬁﬂﬁh&x@ﬁrﬁﬁﬁ@hﬁlﬁﬁ[ﬁle

of the preweritsdjsuesi By SepENEiRGANIRATARHNCOLRQUNALORABath
eff|C|enc&ﬁ§9mg&ngg}%y&ggb@}xmll% Q ﬂ&.@%%a' ?rv;\‘%l%;hat may be
sta

incorpor |nclu ment t|0X|dants thermal
sta |I|ze%s£ﬁ%a8teng d%%é%ég @3%%%‘3 T&%?é‘?g‘e%?‘mm

tacggler§“§??é’§§]ﬁ?éféﬁ%ﬁ§ Bé‘?ﬁﬁé?ﬁ%?é‘t%ﬁy Fieéss powrrerermiléarix of
the preses Bisetisbtréirmgabreanskinn worto:titeslilpshartisanbou

Preferab@ﬂowméWM@&ti@ie&ﬂﬁ&h9@%%@%@%&%&& 2000 ppm
or less ebassivaiedrearinbMais preigab v ahaut9 99419 ghout 500

ppm. and 25most preferably 0.05 to 100 ppm of activated carbon particles
based on the weight of the article. Preferably, the finished articles of the
present disclosure have about 10 to about 50.000 ppm of cyclodextrin,
preferably 100 to 25.000 ppm cyclodex}t?m based on the weight of the
finished article. The ratio of carbon particles to cyclodextrin groups in the
articles of the present disclosure can range




30from 1:1.000,000 to 20:1. Preferably the ratio of carbon to cyclodextrin
is 1:2 to 1:40,000. Notably, the activated carbon particles of the
present disclosure can range in size from 10 nm to 100 microns in the
additive composition or the masterbatch compositions. It is contemplated
that many embodiments of the present 35disclosure will employ extrusion

processing.abinaabmahmat e aving e RS sampesitans of

the pre n]ter |B°1c gsure, lhere this is true. the particle size of the carbon in

the additive compos; 18 PR S St satER thby B #tlely large, e.g.
100 microns. K ig<sriteiaplatdoithatrextusiom protessinglaf polymeliss

having thesadditive ﬁ@ﬂ&@@%ﬂﬂ%lommpﬁrﬁéﬁ&ﬁ disClosie-canses 1aras .
particles of e%{a\egogn to gcround to, grnallec S|ze due to the physical

kneading, shearing, %n d mixing that tAREes Bianks %ﬁﬁqﬁ/}ff%glf%‘}(tfﬁﬁd?ﬁm’e
operatich, B&IReramy W §bFéW~@Rt’rh§R§iﬁlgﬁw§dﬂfr@ pairticlésiBngif éof

carbon insithersthe.additiveeompositioaprinibe.masteraichimanhgin

the uppgf part,of the; 9.0 1o 199Ic onrange. In the {lnal rtlcles of the
present dlsclcl)gguree hOV\?ever it'is roe?gra m’Tjha‘[ fhe mgrrl Tch a}%ye of the

activate§C81B6n H@rﬁbﬁrWSFéSfH‘édthﬁﬁt‘%ﬁ%%ﬁf@@lﬂy@@ miticies 2fiicron,
méfe preferablisd@mu 1#66! ptngstillanagenprafacalbly d0:mmite 500 nm

still morg,4@-peefesaliy 10:001,10: 389 0 Weistll, TBRYE AR eferably 10 fam

250 urn, d most 1preferabl y 10 mm to 100 mm. Such carbo partlc es
provide SUfSent BOrE DB P Sfkiveal DAy e corrds ditiexial
cyclodeXtgviagrscavengeaindesicadle compounds from polymer matrixes

vvhne havmg amaﬂr%nﬁuﬁhaﬁ%ﬁ?'ge%&%%B%EJ@%M%% ,anaéo%@ ﬁ%
C

tﬁCtS n %Sa}zré sees n IndI)VI ual partlc es. 15The final arti

of the presen SH0LGTE Ay BEhade t aing 3 v AHE &F Sraunmtt dLe i
some eﬁﬁ%wrﬁémgwe firedlstatbelds enafibedonmedbypaddigitheadditive
compositigndaftbe Qresenslissiamiradiesiv o %B:ﬁ%(%ﬁ%%%%%ﬂﬁfes

and blepding.the tw, onent before for e final arti
additive composition ?ﬁ%y% défivered 1o the ﬁ](l)%/me?vﬁ?ai)t’%ﬁﬂ“é solvent

or by M BIERUnY \feiebNariiplbermal AattlissanigeiePrideaduitisdes,
ca@fpositionsmayke-added teilirpolyme mnateix A8y PSSR Anto 2

solventyuin ail, QY he.benglrially wmedio deliar e addiiyg,

any. mea
compo%mon to the polymer matrix in melt ble &lng tor examp €,asa
pIasUmz‘é’iS Deliver/ of the additive composition in a solvent is most
preferably usdtafvhile dollieivisiending oftteepealymetiane: agditivey ppm

compositien @mmaﬁmm%@n%e%i@eﬁﬂgaﬁom%&fﬁf é\ﬁ'é’oﬁa”'e
yb

using a twin 5L_::der 0 as to achieve a oniforml |na

arficle com OSI on VTR PR AT (b pPaeEif diluekendharsicht
prefera‘kﬂ}i‘ﬁ?&&éebﬁlﬁf@ﬁbbreﬁhéﬁﬂgﬁbﬂmmm déimel pnteeated oty mesisbout

chips, whergibuasueatechRelaHE iR fably 100 10 25.000 ppm
cyclodexirin based on the weight of the finished article. The ratio of carbon
particles to cyclodextrin groups in the articles of the present disclosure can range
30 from 1:1,000,000 to 20:1. Preferably the ratio of carbon to cyclodextrin is 1:2 to
1:40,600,

Notably, the activated carbon particles of the present disclosure can range
in size from 10 nm to 100 microns in the additive composition or the masterbatch
compositions. It is contemplated that many embodiments of the present

35 disclosure will employ extrusion processing of the polymer matrixes having the
additive compositions of the present disclosure; where this is true, the particle size
of the carbon in the additive composition or the masterbatch may be relatively

large, e.g. 100
15



masterbatch materials as described above. Thus, a masterbatch chip
having relative 30 high levels of cyclodextrin and carbon can be melt
blended with a second chip not having any of the additive composition, at

a ratio such that the desired levels of cyclodex-trin and carbon are

realized after the two materials are blended together. The mastethatch

chip may have been melt processed to blend the additive compositions of
the present disclosure therein, or the masterbatch chip may be surface
coated witfetive. ddditivecpinpdtitionrThe pnelsblendimdymay Hoegaiedditive
out using amyeenve ienaRalt @ker@@uﬂgat@@m@ygarmwghc&ﬁrn@@gaﬁm

to employ M&r%e frusion.to a hieve a tiniformly blended final article.
After blendln%?él the a dlt%l%/e c%r}r'img(ismon ﬂh?i‘ﬁ% ar W%%%@@%t

disclosure 5 RIS i W%Wmm@%%n%rmmw

" polymetric Eampasiei gt drafdiie, crmithiowing 6 thersberpositiens taay

be carried wnttodteithalfiban Qihaidechaigues to form fibers may be

hereol AR e B e A e i
wherein at least gne comp(()a}?%lnbta(‘:}émprﬁsﬁ%{éﬂsﬁ%/3 TSR Ui T4 Tae
carbon panfléfé)?g TR 8% 410 s SER Stns s orsbive e dpsifitivie. still more
compUitidFFiErHe prasiodt tivels8uneririroiided the y¢ lod exdrimst
compoundeihaigctivaied tarhansmixestwi farHaRsMevde ARk 35Rit e
temperat%m%ﬂ&%&g%&%ﬁm%%@&%%@ the.melt

extrusion, %W&de trin c u.nd reacts wi complexes or
5 theXtthuéta e catalyet triéa@fc’?u gﬂ%"ﬁr%%tmrsﬁfﬁ‘ém ofa

associate

prodnetloriin\gi‘mg‘f]ﬁl GRtesp e St ressenirdivtiyalmrstislmpounds, includin
aldehyde mateFalSnsletrlisddetatdetydeotheactivatstisarbomipsavidesiques.
a further risecoms cofvsdavengirguasitial MQWMMW the

melt and %&%ogh%rfgf%gﬂ@g'tqgc@s%%%l?gﬂ ] ”%”a%X the aCtI\éﬁJtlendmg the two

carbon m clode comp ﬁ&’er T
su bseque@éflg%&gﬁg&sémﬁ%gp%%ﬁg gé cﬁaggﬁa‘e srRtEffshed

molded pOTyCaT8 AR TE TAE Srigellreardy astiiveting dasoetmied with
activated THMEn Trhedjircomictiivoompoudidandithelpctivated garbon
can also meadtyiith aheigpshaie ganplriibdRative.mateiaissusnes
* acetaldehydp:ataraAnisARdsRaL AR AASRTLIBINEISHNL DAl ale
formed dgying.melk,pragessing. FQ}A glref m or bl ow m mol |n% residence
en d& CoRci i Felliction

time is sel cte%that result5| ctlve R e
but W|thou "dé?i‘ﬂ??“&?fbﬁ R¥EEEEBN in

aldefryde Fﬁf&?ﬁéﬁ?@@%@s}@i i pivct g rrageToffudel or ssangbhieve
off-flavors initivelsiténmeitastcigehumessifiso surprisingly, we have found
that the inclusimeh astivated.carbon ﬁg%l@s%ﬁé'acrc?se"f‘ém%[‘ enirained in the

by melt blending of
polymer matriyin the manner described herein “art iy AR/Y
deleterious ef ects wﬂ% 52 pectto t C}lnysma?edepP Y%?Sf’lff?éﬂﬁeolymeuc

matrix such as b 5‘3?5?‘?@3%% TBisstresecihpphahir bavingpRiatfinal
articié m%@V$Mﬁdemmlwmm@ fenm abfinat

article. Suehgpngogssingdsprefesediy:Ccarsiatoauhwhanthalinahattigle is a
cyclodexirin and carbon are realized after the two materials are blended together,
The masterbatch chip may have bean melt processed to blend the additive

compesitions of the present disclosure therein, or the masterbatch chip may be surface coated
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three-dimensional shape such as a bottle, a cap, a closure, or a container
- formed from. a polyester. The final article may also be a thick member
which is subsequently stretched to form a thin tfltt. such as by Sarni or
biaxial to forma thin film from a thick film 5The final articles of the present
disclosure may be in any form where a polymer may be used. Thus, the
final article of the present disclosure may be an entity unto itself, such as

a nonwovegiiligl el o ARG BIEALNE. /G gl gricte
may be a pc%{lt‘;gnréoof %Gggfé&cgc%ction, for example, a nonwo%,er?/

cover for an abs 'or%%np A OTe B LR AT RS, Brefiplpy twin soow
constructiof*BF% Gt egufgionatrdfdatttcle.  Nonlimiting
examples of fuelfarticietninioltd edaitertaine @, oS filmE B present disclosure
coextrutledsfilaimaishiog ke HRGH BB GIHEMBEl  BHigid-Membet.a
shaped e ek AR e RS AR ATROSAPS, METPET, Sp0T0Hs,

member, antL%?{éT%a?'%mto nonwoven %brie, a woven tabric, a coating on
an article, a thin 1ayer on top o an1%5 BHiEE e IyarBriop Bhame
article, a baFHEPTaFefr sifatRs R edditiondsy, teuibws Woltebaricie, a
rotomoldediwrtiernfaste fiatch patietsranmpentcalietkioamcaainsead-cell
foam,lan akRu:siveranticlacsn absorbent article, or a portion or a

combination theg ' fi re js provided a polymer
additive comﬂepgﬁﬁé g&%ﬁlgﬁgﬁ%ﬁe‘gﬁ %{gg el te%tﬁ%f?pé)rslltglp% fffresent disclosure
effective ailfénouuh,atagdf% arbon %i%?@%ﬁ?ﬁ%ﬁﬁ‘&%‘fmﬁﬁrmﬁm melt
25whereiPtHBEFERHKITT e B agatalfysitewcing. cohfcemmimmthef te
central porsiohtheiay Slodeitdintringergund rhaca S6EeREASPERtadldekRd Sith
provided ameliing:obmaldag:a masiaha'l fOmRes o AATRY S ed
contactn a8y [ (S} l mer Wi n aaditive
iure, (5 U e ST [ A et e
activatea cerpon provides a furfhes means of scavenging residnal organic
compounds, both in the melt and after the formed article is cooled.
Surprisingly, the activated carbon may be included with the oyclodextrin
20 compound and subsequently melt processed to provide a clear and water-white
ﬁmshcd molded polyester article, L.e. free of gray color commonly associated with
activated carbon. The cyclodextrin compound and the activated carbon can also
react with and/or scavenge volatile reactive materials such as acetaldshyde or
prgamc acids that are present in the resin or that are formed during melt processing.

25 A pmférm or blow molding residence titne is selected that results in effective
aldehycia concentration reduction but without cyclodexirin or polymer degradation.
Such a reduction in aldehyde concentration reduces or elimates major off-odors
and off-flavors in the thermoplastic polymer.
Also surprisingly, we have found that the inclusion of activated carbon
30 particles, when entrained in the polymer matrix in the manner describsd herein, do
not result in any deleterious effeois with respect to the physica] properties of the
polymeric matrix such as burst strength, elongation, or stress st breal,
The fimal article may be 2 preform which is subsequently molded o form
final article. Such processing is preferably carvied out when the final article is a

17



(b) an effective amount of carbon particles comprising activated carbon,
wherein the cyclodextrin is substantially free of a compound in the central
pore of the cyclodextrin ring, and the reactive thermoplastic polymer
comprises a reactive group capable of reacting to form a covalent bond
with the cyclodextrin.  In a third aspect, there is provided a polymer
additive. composmon comprlsmg (a) a substituted cyclodextrln
compound, &Frg-dingsyiepriatre v s bt ofeaisbiparticlostdemforisi
activated catbeon,paifereinmisihebiies ﬂs&!ﬂéaﬁmm&ﬁ&&lﬂ&gﬁee of
substitution Qf.Q.3eiP2eB:RRgk @Mg@ﬁt@&/ 860k asampeund nthe. ..
central pore, of G;me %%eﬁ%tnn &%& n a fourth aspect there ||ded a
masterbatch composition comprising: (a) a thermoplastic polymer; (b) a
substituted cyclddesndtetiolnpbimdirraniarsuntepbrasporidingied O iomer may
150,000 patts:sy. weightofaubstitied GyelodaxbiRuReh§ 36 BaQn@y MRS, such o
parts of thecompositiing, andile, () earhopparicescammisng astiyaisde
carbon in ap RMQILEHESPORAINGIR Mma%mm IO e
carbon partlcgls fﬂ% h one m é‘gﬂ s of the composition, wherein

the substitute éyc extin has. gree otp In?'i‘rl‘?)istfct’t"jt| W?Pﬁ d

is sub %ntlgﬁ?ﬁﬁ‘@ of any compound in the central pore of the

. cyclodextrin ring Nenligitiasfiftbrasp et finthersls providedntine thochof, 2 film, a
making a masiesbdtthncompasition, deaxmpthedeMpiisingcentackinga

molten the&ﬂ&%&@%%%ﬁ’%w% a-adoitNE, MG, Sl - SAAINE. o o,

i

mixture comgr|5| ?La subs ted clodextrln compound in an
amount correspon 23655 par S5 T BB Gob Ha HEESATR gt

~ of cyclbdexififigriPs %ﬁ%ﬁ%%ﬂﬁo%%%‘%ﬁnﬁﬁ%m@mﬁ article, 2
compositioblow méldefor i bortpaniclosic

present in aa@memf@%rﬁmm&d&@a@%mmwsﬂgmﬁﬁéﬁgo |
parts by wejght.ner aach ene million parts of the masterbatch composition,

wherein the substituted cyclodextrin has a degree of substitution of 0.3 to

2.5 and is substantiadsdres, alany sempaundimthedeentisbhpiawhthe
cyclodextrin rmgSm In a sixth aspect, there is provided a thermoplastic

polymeric éi?t‘?“‘ie comprising: (a) a thermoplastic polymer; (b) a

substituted cyclod®ktrin R6HPEETHE%h amount corresponding to 10

parts by weight ta%0,006npéksibysmeight Dfadyel pdextrirgeptips:pet aadh
one million partg,yyweight of the article; and

25  wherein the cyclodextrin is substantially free of a compound in the central

pore of the cyclodextrin ring,.

30
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(c) an effective amount of carbon particles comprising activated carbon,
wherein the substituted cyclodextrin has a degree of substitution of 0.3 to
2.5 and is substantially free of any compound in the central pore of the
cyclodextrin ring.  In a seventh aspect, there is provided a method of
making a thermoplastic article comprising the steps of (a)contacting a
thermoplastic polymer with an additive composition, the additive
composition comprising a substituted cyclodextrin and (ii)an effective
amount of carbon particles comprising an activated carbon; and
(1))forming said article, wherein the substituted cyclodextrin has a degree
of substitution 1Of 0, Bc;[r?d% Se%nta Il% ?éup(?&; ?%l[l e{ go?n af‘hég&?]%? d ch
the central pore ' of the cy Slodextrin fi In an eighth aspect, t%ere IS
provided éqwag%@mafwﬁpeemﬁegﬁr@ﬁwﬁwﬁéFﬁ@ctwe(ﬁ)ﬂﬁ HidSTSESE
polymer; w{lh):a futictionalizedipoliites comprigsimgraicyclodextrin group
covalently bonded;to a polymetin 21 amount corresponding to 100 to
150,000 parts by welght of clodextrin S ach one. m|II|on rts
of the compositidi! and™ jygvgﬁf (Sjﬁltﬁ)}ar L{fp é%r%(b?fs(fﬂiapgﬁﬂgc Vatet et?
carbon, in an amgmt correspondlng to 0.005 to 5,000 parts by weight of
carbon pastigles per-easfraneimiliompans-ef the compesiian; whenein the
cyclodextrin,Is sybstantially. i i %@&9mmugﬁiém%%%@l&pre of the

cyclodextrin ring. In a ninth aspect, there is provided a method o
making a fRBIHRSHE! ﬁ%%yﬂi%?ﬂ?%?ﬂﬁé’lfée”‘8’rﬂé}%iﬂ@‘ BREpS e ("é\‘)%elt
blending alreatedtiiarmoplastic polymeric chip or pellet and an untreated
thermoplastic chip or peIIet said. treated thermogﬂlg&é111 merlc chip or

pellet comprisifig 4t SR FESREHE OB EIHg oS

comprising:
{(a) a substituted cyclodextrin compound, and
(b an effective amount of carben particles comprising activated
carbon,

wherein the substituted cyclodextrin has a degree of substitution of .3 t0 2.5

and is substantially free of a compound in the central pore of the cyclodextrin

ring.
In a fourth aspect, there is provided a masterbatch composition
comprising:
{a) a thermoplastic polymer;
{b) a substituted cycledextrin compound in an amount

corresponding to 100 to 150,000 parts by weight of substituted

cyclodextrin per each one million parts of the compaosition; and

{c) carbon particles comprising activated carbon in an amount
corresponding to ¢.005 to 5,000 parts by weight of carbon particles per

each one million parts of the coniposition,
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() a functionalized polymer comprising a cyclociextrin group covalently
bonded to a polymer, the cyclodextrin grafted polymer being present in an
amount of 100 parts by weight to 150,000 parts by weight of per each one
million parts of the treated chip, and (i) carbon particles comprising
an activated carbon, present in the in an amount of 0.005 to 5000 parts by
weight per one million parts of the treated chip; and (b)forming the article,
wherein the cyclodextrin groups are substantially free of any compound in
the central pore of the cyclodextrin ring, wherein the cyclodextrin groups
are present in an amount of 10 to 50,000 parts by weight per one million
parts by weight of the article and the carbon particles are present in an

amount of, Q001 R 5@@[@@6@&@%&@1@?&%&% JE@U&@BF@%&&&H@@I arigle.sA
first embodlmggtbggmpps |xture %1;”% ]cnq C%t,{ ]rflﬂanid c%bon particles
as additive (:ompos.ltlonsy rlﬁﬁe cyé odexain may be a, 6339 or cyclodtxtrln
The cyclokdedfr ihE)e =substituted, substituted by a substituant such
as[methyl or acetyl, or may be covalently bound to a polymer. Where
covalently boupd, {&:a zegéxm%mtﬁ%fayﬁi&ﬂaemmm%%@5@9&@&%@1e

polymer backborm, s reacting two h gro u .
cyclodextﬁ%%%“gﬁcﬁt%&%t/an %m%lfmﬁﬁoma yﬁ?éﬁﬁyé?%e[%orf 59 €8 R densing
cyclodextrpl yiea \zﬂ‘fﬁmb@ddﬁb%mtalﬁéw%ﬁéwwﬂémwm@m%
cyclodextrin may e pendenity-graftecitatiihepapymens suehasdby reacting
a hydroxyl gro&‘é%rs’sfp{!}hﬁi&g’ﬁﬁ@%&( E‘ YR, 1&9 X‘}%%(Qf Q4R £ g ankydride

group present in the polymer backbone. ditive composition may be
in powder forny’§ Oﬁ‘féﬁ/“ﬂ)é‘ﬂ‘ipéé’ﬁ}éﬁ‘f}b?’?l“%‘%IPW%%de??&’Bﬁfﬂod|ment is
a method of makingsthe.additive compositions of the present disclosure.

The method maynvolvesimplydblendingthe twa-materals.hlending them

in solvent, blengllngﬁln salvent. followed b rt];”[gra\ygnh?lnqaﬁtlo%a!)}/we;gjht
removing the solvent aftef filtration, or éxtrusion blendin

cyclodextrin amef E4ibois WI{H"'& e \}B‘:ﬁ&ﬁ}ﬁﬁ}&‘%‘:@%ﬁsﬁﬁ@*cyclodextrln to
the polymehdaickinombstituted cfcihicekémbodityent issabsnasterbstchqiliiet

or chip haying & thermepasticrrQlyesiarmateral aadh adselatively

concentrateqol&\}/{% nof 5cyclodextrin and carbon. These high-concentration
masterbafcies Are su%sequently used in making a final article. The

masterbatch pglletion chin-cancuBRIsR . eRARH IRYEpAS e addiive
composmon of the present disclosure wherein the additive composition

resides sucbs%nfléﬂy on the exterior of the pellet or chip. Alternatively, the
pellet or chip maltbe thethesifelarinet teblending, such as in an extruder,
to incorporate théryclodexiin@ndycarbonn ltvthesedembadimants the

additive compegition, withpg swhstanfially digparsed hroyabaut e

thermoplastic peIIet or chlp
cyclodextrin groups per each one mitlion parts by weight of the article;

and
{c) an effective amount of carbon particles comprising activaied
carbon,
wherein the substituted cyclodextrin has a degree of substitution of 0.3 t0 2.5
and is substantially free of any compound in the central pore of the

cyolodextrin ring.
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A fourth embodiment is a method of making the masterbatch pellets or
chips. They may be made by coating and drying preformed thermoplastic
15pellets or chips. Or the masterbatch pellets or chips may be melt
blended, as in an extruder. In the latter case, the masterbatching method
may also result in the covalent grafting of cyclodextrin with a thermoplastic
polymer having a reactive site for grafting, such as an anhydride, chloride,
or epoxy group pendant to the polymer chain. 20Another embodiment
comprises a thermoplastic beverage container having the metal catalyst
scavenger property and a volatile organic barrier property that results from
the manufacture ©0fcthetbeyeragercontainasifiom:the qredivim 0f the present
disclosure,A fifth.embediment.comrrisgs,afinal article comprising the

desired 25endpoint levels of both carbon and cyclodextrin, wherein the
cyclodextrin is eiffier suBSHREHBH Wit SREEF ROrETMOILAaS G g
covalently bonéeebtsitepolyrabsitivr wothesiiigosonmtirenfinal article, the
carbon particle size is preferably paimeare,thar:2@0nm in order to ensure
that the particles are nofyisiblg inga, white o1, clear, ROIYMEr Malri, i
whereas in a masterbatch or additive 30 composition it Is not undesirable
to have larger Fattit18e&i388m A ide range of final articles are envisioned,
limited only by thé&boundsofaibithetgenerally useful shapes of

thermoplagtie; RRYMEESHAYRIIRINGMHas a degredbBRERRMBAINERLIS @
method of making the. fipail_artitcle havino% the gesired endé)ofiqt levels and

. . and s substaniiaily Tree of giny con n&m he © mr% oft of the .
particle sizes of carbon an cycﬁo’dexfﬂn. eneraﬁy, processing
methods KEAFREHEErt can be employed. The final articles may be -
made by blending, magierbateh pellets.or,chips,ith.a propertion, o
thermoplastic po ymér pe fets or ¢ ips In a thermal blending process such
as extrusi6P A&y also be made by blending the additive compositions
of the present disglosure ttireotiaintedymojten polymer, such as by
addition during exyusion /R-the.Bler ARRlicatinrsihe, additive sompgsition

may be introduce as er or jn oil..in a final step, the final articles
covalen

oW
are formed intS S HILP SADS S4B ABFRG ETIHNGA B BYHHE Kidiwn
art to shape pdRiePsaRHRY fibiehs Asclobediseans e firrdl Artivi€snf the
present disclogure pas:annmaiiy:aticles in between. In the fifth and sixth

embodiments, thg,use ‘%EQ?&PEQ{]%@ I sysiodesin materal.havind

entrained activated carbon particles can result in a clear, sithstantially
water white poRHISF FIEEHRCRELHE fite 8riGoryEdie WisiAartg Broduce
off odors or offofidivbrsin dvé foodiFhiatend alitinea pertieiner formed from

the polymetefurthes, thaRelyasiarmatix suffars nesituctyiat defegts of
the type t%a;epoq%% 9§L§§dqu%qiggrticles are incorporated into a polymer
matrix which is

In a ninth aspect, there is provided a method of making a thermoplastic
polymeric article comprising the steps of;
{a) melt blending a treated thermoplastic polymeric chip or
pellet and an untreated thermoplastic chip or pellet, said treated
thermoplastic polymeric chip or pellet comprising an additive treatment

comprising
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15 subsequently subjected to high strain, such as biaxial orientation or
blow molding. Further; the barrier and spawning properties imparted by
the use of a cyclodextin compothad in conjunction with particles of
activated carbon are superior to those found in the prior art. 20Brief
Description of the Drawings FIGURE 1 is a schematic diagram of
cyclodextrin rings, showing the pore sizes of a, gazed y-cyclodextria.
FIGURE 2 is a side view of a substantially transparent two-liter
carbonated beveraj container comprising a composition of the invention.

25FIGURE 3 is an abso(r(Bnent foqd pad lgg%c{r%@g}&@g&g&%@a&m@mn

comRrising a compothiti 5h of the inventio URE 4Is a diagram
showing a fuel tagikisorsEatPHIEIeAR B IR IS FEr OB EH IS least
one layer comprises-a£eanpositien of dhannvenfioi. 6 BREBScarbon

particle distributi%@d@&%\g{@@@@?&/h%@@g{l&@tﬁm;@g sRlYtPMe treated
centrifuged at 750 rpm for 30minutes. = FIGURE 6 is carbon particle
distribution in EnﬁW@@% oil centrifuged at 750 rprb. for 30 minutes. WO

2008/103657PCT/1182068/05428n partieles OREFiNg angigevated carbon,

cimomatograph SRMEheadseasetiresTaiugy anmood a:a5 bwtwagivietyk/3
cyclodextrin SO'”“‘)-E}’G%”%%% ‘;&‘m%\é% A"é%%&r’ and heated to 290 C for 2
minutes. FIGURES IS apgas ehromatograph SPME headspace
chromatogram #fa 35 5wt-% methyl O-cyclodextrin solution containing
0.1wt% activated @arbonfeaseg tonawieight of cyclodextrin, dried to remove
water, and then heated 10, 29961952 ANt oy FISHRE Sispauisible:
wavelength scan of injfection dolded Pol)(,%stg]r %Qenéagpcjg(%tzig%&%@m
methy 10-c§RABEERES S5 8EHER MBTded Sotlyester 10 containing 750
ppM methyiriiseydiodentinniithl @ 15 PP cerobut deilaReRr caibiA Parts bY
Detailed Di@@i‘é%@)@ﬂa@ﬁiﬁ‘cﬁe‘ RYEiRHQRbon particles are present in an amount of

0.001 to 500 parts by weight per million parts of the article.

. A first embodiment compfises a mixture of cycl&iexnfiﬁ and
carbon pasticles as additive compositions. The cyclodexirin may be o, £, o ¥
oyclodextrin. The cyclodexirin may be ynsubstituted, sabstitmted by a substituent
such asgmathyi or scetyl, or may be covalently bound to 2 polymer. Where
covalently bownd to u polyme, the cyclodextrin may be integral 1o the polymer
backbons, such as by reacting two bydroxyl groups of eyclodexirin with a
diisocyamate to form a polyurethane, or by condensing cyciodextrin witha diacid to
form e polyester, Alternatively, the cyclodextrin may be pendantly grafied to the
polymer, such as by rescting s hydroxyl group of the cyclodextrin with & ghycidyl
group dr an anbydride growup present in the polymer backbone. The additive
composition may be in powder form or may be in solvent or in a0 oil

A second embodiment is a method of making the additive

composiﬁons of the present disciosure. The method may involve simply biending the two
materisls, blending thess in solvent, biending in solvent foliowed by filration and
opticnally removing the solvent after filiration, or extrusion blending of the.

18d



We have found that the scavenging properties of many polymeric
materials can be substantially improved using a substituted cyclodextrin
compound in 15conjunction with an amount of activated carbon at a
concentration that can prevent the forMation of an organic material such
as an aldehyde, or scavenge formed organic material. We have further
found thatcyding:aipanidiedeyciitiemdalinaebiakangaf deidkeishet o
carbon is peeferrad: forpolyester processing. We have further found that a
concentration range.of cycladextrin compound in,solution is preferred 20
for contact with ;}c%ﬁ/]g{ee’ %)a((?rl ngﬁtt. I\S/\?emﬁsétslieaf%gtﬁgfe &rjﬁ%}%#{g lglgpareferred
degree of &tiHsatisrPobsRcepratiomst siibsttticdeyeioiginl Yarticle
size of activateekearban;concerisatiaphabactivaied carhempaeticles, and
processing, conqitaNg pIog! %%% am%Q'QHQQFVTRQl¥§§£%¥§r%%ﬁav¥%£}8‘éaen

found that combining a modified cyclodextrin material and activate

carbon paitieRs TRtk ABoVE hattibrrea pEp it b sEEds Wit the
polymer nvainiximprievidés impravedise aciie olganicitompbuadeproperies
and a redyged fengencudosflaaseNRlymeraesidie. (el acataldehyde).

Polymeric Materials 30in general, thermoplastic resins may be used with
the érﬁditi\?ée‘ YRS UEIBNG Bt R ShE P NAEIBF F RS ISP ARDRIYBY the
cyclodexttintizme codndsonanitihthe potyrrerrdinx islthe simitingefactopersed
Non-limitipggxamnlesiRitsaivhihenmePigstics include polyamides,
polycarbonates, ethanes, polyethers, palykeiones, polystyrene,
polyacrylates, po )?é&égeaﬁﬁ%%?eg 13‘)??&é¥%8|§}%8§n9 lgéfénr‘?dleﬁ?,”%\?%ga%h pelfers
2008/103657HE TIFS2008/054981 Ortapoigiisieordiends HwreokNiore
prefesablynethe thermopiastic palymatisalpo MlsfinRfapAMesaead, as in

olyolefing . are indysirally usefl inlude palyethviens, polypropyiene.
and copol§/merst Ereot With VArGuS monomers melu ing other olefing
such as 1VspeidRE grafiegeney lotetsney BridpaiRas i Rbpey sk with
other usefalmmentamerasactyaivinyt acetaieyvnylichlirride;pwinylidene
fluoride, aﬁ%%@t@t%%@%@’@%‘?ﬁ’ and the like. Any vinyl functional

monomer can be copolymerized with ethylene or propylene to provide a
usefdl olefin copORATET “SHREBRISERESIETS Brenritieda faRT tRtainer
reaction dfaaigiacidneratiester 16 conrponeat comprisingatteastGdimole
percent I%%BJE}I? alig RGld(dA) ot %a%%{&)élé%ﬁ%@@é%% RR{praRlY ke
least 75 mogelperﬁnt, and more referably at least 85 mole percent; and
a diol corpof8ht' CBrprsiG 5t 9845t 60 mole percent ethylene glycol
(EG), preferably Aafilgagnr& imoiecpeneent adivdl mtel prafersidytiatdedst 85

molepercanboltitalso preferiadthat theidiaaich conpangathaid«af the

Ladialkyl terephthalate; compongnt be dimethyl tereplihalate (131¥LD).

polymer, or both. Also, in the final article, the carbon particle size is
preferably no more than 500nm in order to ensure that the particles are not
visible in a white or clear polymer matrix, whereas in a masterbatch or additive
30 composition it is not undesirable to have larger particles sizes. A wide range

of final articles are envisioned, limited only by the bounds of all the generally
useful shapes of thermoplastic polymers known in the art.

A sixth embodiment is a method of making the final article having the
desired endpoint levels and particle sizes of carbon and c¢yclodextrin. Generally,

35 processing methods known in the art can be emploved. The final articles may be
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component is Ed. The mole percentage for all the diacids/diallcyl
terephthaiate components total 100 mole percent, and the mole
percentage of all diol components total 100 mole percent. Alternatively,
suitable polyesters are produced from the reaction of a diacid 20 or diester
component comprising at least 60 mole percent 2,6-naphthalene
dicarboxylic acid (NDA) or C1, C4 diallcyl napthalate, preferably at least
75 mole percent; and more preferably at least 85 mole percent; and a diol

component 0 atleas le percent th Ien I Ie stic
§Q§ i @%I s? attc% fme(:% gp%lpswmhe 1‘%(91 %1)1 &E?at

preferably east 75 mole perce t and more pre drabl east8 mole

percent. ZSWPRR 2 PoNEter BORPGHaTRE a’f‘é"?ﬁéa?ﬁéa%%ﬁ% SrPidRE® | |
diol compenentstothierdhandi@isgitablediotcoitiporemsiofithedéschbet |

polyester canihe M%F%Jﬁ@%\ﬂﬂ@&ﬁ%ﬁ'@ﬁ%@ﬂﬁﬁgmﬂmmﬂmer application, the
1,2- -propane iol; 1 3 anedbe ﬂltrdé'u tanedio |

dS a, powc!ér or in 0il. In a final siep, the

2,2- dimetfi mfescow}(j)pane 1,6- hexanecllot 1,2-cyclohexanediol; 1,4-

cyclohexa%@ﬂ?&‘“‘fsﬁrﬁmm‘ﬁﬁé@ﬁh%‘ﬂ%nﬁﬁmﬁfﬁ?&&l}gyﬁﬁgﬂw&tﬁénol

and diols Beontainshgoreyormdiecdippenditbtmssinttie EranTiflss of the

example digthyleneeiycael dhisibyleneiglycotdipiopylene glycol,

tripropylene glygol gr%xt%re rﬁ% rtn%g% is tﬂ%%é!sk%tén g al, these diols
D

‘contain 2 to. 1 2 t0.8 carbon ato oaliphatjc diols .
can be er??g'foye ) thelr msf"% ?iansegonlgura?%n &?’r as mmilﬁmlf

el
forms. V\MG’@@%@‘SWWQ@W
componeﬁ@@mﬁ@#@tﬁ@mm@@@m HTpG

suitable m%wnmm@m@wmmmmmm
::hilda:; éﬁ%@ﬁg% ccmlc o I%E%gac}d %%?c%ﬁ g
sgbg:glc ac@e(gxf'ﬁp 55¥89ecane %%‘ %?%b%gsi RalewE d¢° [g%g

acid; 2 rﬁgéﬁrfﬁsqmﬂr@g SRR %aw%myﬁewm
4,41 -bibermoiviaticsarmmiturd® pithiss efetti erivpdrideretivabents,

and the likendnathe wasernf polyethylene naphthalate, 2,6-naphthalene
dicarboxylic acid can be used in place of the terephthalic acid listed

fres o i{?both

abovg. 10A typical PET basgd polymer for everage container indusay
has g%out 97 mole percentPET AT S -' entrsophthalate - thus it
is the copolymgfcf}#e Fﬁﬁéﬁ@’?@?@ﬁ‘ﬁﬁ‘m&ﬁ?ﬁﬁfﬁi@ Thetres F51Rrer

preparatissiisdien prededeadto use a functlonal acid derlvatlve thereof
such as dlmetfmt.}mnyi PEEipIepY SaianefavicarRexylitoamitdBehated
anhydridegs, gt acighhal m§%m§°@m@ég£e employed where
pracg al. Thes %@omﬂg} mg §raé g ard th )ést%allzatlon [ate

- compare to tere licaci LoV E%or‘fmrgproéstcfl%n ﬁw%%stﬁ?lﬂene
tereplltha‘fﬁ‘f@%’%@ﬂfﬁ’ﬁ&iﬁﬁfmhe art and 'comprises reacting terephthalic
acid (TA) (or dFHEMRR 4eve ginthriabewimM Telvith athyisme diiteoh@i@)cat a
temperatisser)hapRrox mat oly BRD danECfampngizlragnemanand water

(monomer andyReRaRe WIS HAIRGRM T, BESaYRS QS&’WM&M
reve§§|ble i;[lkée Wate,r:ESOr m%@anoﬁ IS8 con%ously removed, théreby

drlvmglthe reaction to'the proé%% Ion of monomer. The monomer

comprises prifiantFBa e v Rt Sirsfhvien s ferap AtRarteyubisnd =
MHET (nTéheyfrdRyeitsdene terephthalate) and other oligomeric
products and small.
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25 amounts of unreacted raw materials. Subsequently, the BHET and
MIIET undergo a polycondensation reaction to form the polymer During
the reaction of the TA and EG it is not necessary to have a catalyst

" present. During the reaction of DMT and EG employing an ester
interchange catalyst is required. Suitable ester interchange catalysis
include compounds containing cobalt (Co), zinc (Zn), manganese (Mu), 30
and magnesium (Mg), to name a few. Generally, during the
polfi’é%ﬁ%%?‘?gésﬂon reaction the preferred catalyst is antimdiHF 8 4eAH of
an antimony sd@t8rebhipaundr@iien-poittegracepRi diesin gk Hngs 5
manufactire; isdgatecdundeninaiiamaien alimeshheredo.premesg further
polymerizgtion.in.the resin or processed as

W02008/1036§1¥{>U%g éU8209%054281 an SSP resin. Typically bottle
grade PET resin has an inthinaicViSESE Oy 8 a1a et seri aboet 0.85
dL/g. Cycdtodesiiy! Sy dstitshsionrarramna e praktrstiabndio dhuton
inventionwségitaiiv oo iodaxtdn compournd, thatrear-camprise eycodextrin
or a cyclegextsin having one substiment group, preferably on a primary

carbon atom, $eeh@yslodextinmatgrials havebesn shown 1o be
compatlbcle ¥v.|th éq%;mo nIﬁ{a\gclfylgg”po(lz}/%ster materials in scave%glng and

bather properties, The cyciodextrn %ﬁ%rﬁ??&eﬁhﬁﬁnﬁjﬁgwﬁm’é
10thEfmSBIEEtiRed RGP R PRl s rseEs &ty |- rowi ehe e rrrETRepbon.
properties and bather properties in the preform and in the final beverage
container. The cyclodextripsmade ialsssndergaedmanufacturing
conditions of tm@@qogg}ggggg%%@g%ggmg Q;!‘?m%%@@&?&r&m%@aqsdo

not resulgégbtgsg{g‘%nrggflon of haze or r%SUCed structura rog)ertl,es or

clarity in the appearanteé of the po arrsftl—:'rtfﬁmfﬁlecyiplEr?&i’"f’?c%g)ﬁji%|?‘Fé1ﬁn

Cyclode S Tt PR i goEARE i ConaTsting b fiat fense e,
preferabRediiighse ofyprasmsaranits joinethbyidhvéa( brecd)etipkagedAlthough
cyclodexirianivithetoviaeluergike 05edr@si dURS, aiatnowndharthkegmost
common.Rosmalegs.(aseyciodexiin. (3reyriodextinand 7wsyglodextin)
having 1406, § 29reside s are kngwn and are usetl n the ivenion.
Cyclodextrin is produced by a Righly SeTective enzymatic syntHesia from
star&h or SEFERZIKE ATSTE ?%fb%é%(}fﬂﬁﬁ%‘?ﬁf‘ %&%ﬁ&%ﬁ%@@ﬁ?ﬁr
eight glu¥GEEHRIGrioRTeTs Em ahtyediined ddiskshapeadising, ofdsichiare
denoted @;Himreheyciodextrinwespestvelyi¢Be enl igaresi).cshmispecific
couplingpefithes gkignse:2pmonethers.givesihesays adexttinadigidisea
wuncated copicel malecile SiuEb e s 2 ol nteior o g pectc
voIL&rg'ne. hi |gternal cavity, which is Mr I.e., IS attractive to a wide
range of fy PR AT e R VRS i TPtnadRifop A
exterior, EEAREY StPGEit Al foafirel shimecyciidearinmprovidiigghe ability
to complexardiegiles (e.g., aromatics, alcohols, halides and hydrogen

Polvmeric Materials

30 n general, thermoplastic resins may be used with the additive compositions
of the invention, wherein the compatibility of the cyclodextrin and catbon with the
polymer matix is the fimiting factor. Non-limiting examples of useful
thennoi}lastics inchude polyamides, polycarbonates, polyarethanes, polyethers,

polyketones, polystyrene, polyacrylates, polyphenylene oxide, poly(vinyl chlorids),
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30 halides, carboxylic acids and their esters, etc.). The complexed
molecule must satisfy the size criterion of fitting at least partially into the
cyclodextrin internal cavity, resulting in an inclusion complex. These
" complexes are unusual in that only secondary bonding occurs between
the CD and guest, yet.their stability can be quite high depending on the
characteristics of the cyclodextrin and guest. A metalcyclodextrin
assembly demonstrates all the basic bonding modes (non-specific Van
der%é%%’%%ﬁﬁas, hydrogen bonds and ligand-to-metal bohT&} & &ular
molecula¥ systemrbopetidsef CluDegfeshbf bletizatigndns) a6 p-ce
7 7-CD Sblelemulas Sizaika) inside diameter 5.7 7.8 9.5 outside diameter
13.715.3 16. gPolyoieﬁﬂs that are industrislly useful include polyethylene, polypropylene,

and copolymers thereof with verious monomers including other olefine such as 1-

5 butena,§ I-hexene, l-octene, and the liks, or copolymers with other nseful monomers
such as;vimyl acetate, vinyl chloride, vinylidene fluoride, acrviates, methacrylates,
and Ehe; like. Any vinyl fimctional monorser can be copolymerized with ethylene or
propylejne to provide & usefol olefin copolymer,

Suitabie polyesters are produced from the reaction of a diacid or diester

16 compozﬁant comaprising at least 60 mole percent terephthalic scid {TA) or C;. Ty
dialkyl tersphthelate, preferably at least 75 mole percent, and mors preferably at
least 85 mole percent; and a diol component comprising at least 60 mole percent
ethylene glycol (EG), preferably at least 75 mole percent, and more preferably at
least 85 mole percent. It is also preferred that the diacid component be TA, or the

15 dialky! terephthalate component be dimethy! terephthalate (DMT), and the diol
component is BG. The mole percentage for all the diacids/dialkyl terephthalate
components fotal 100 mole percent, and fhe mole percentage of ali diol components
total 100 mole percent.

Alternatively, suitable polyesters are produced from the reaction of a diacid

20 or diester component comprising at least 60 mole percent 2,6-naphthalene
dicarboxylic acid (NDA) or C; . Cy dialkyl napthalate, preferably at least 75 mole
percent, and more preferably at least 85 mole percent; and a diof cormponent
compriéi_ug af least 60 mole percent ethylene glycol (BG), preferably at leagt 75
mole percent, and more preferably at least 85 mols percent.

25 Where e polyester components ave modified by one or mors diol
components other than EG, suitable diol components of the described polyester can
be selected from 1,4-cyclohexanedimethanol; 1,2-propanediol; 1,3-propanediol; 1,4-
butanedioi; 2, 2-dimethyl-1,3-propanediol; 1,6-hexanediol; 1,2-cvelobexanediol; 1,4
cyclohexanediol; 1,2-cyclohexanedimethanod; 1,3 -cyclohexanedimethanol; and diols

30 coniaining one or more oxygen atoms in the chain, for example dietirylene glveol,
iriethylene glycol, dipropylene glycol, tripropylene ghycol or mixtures of these and
the tike. In general, these diols contain 2 to 18, and preferably 2 to & carbon atoms,
Cycloaliphatic diols can be empiloyed ir their cis or trans configuration ot as

mixiures of both forms.
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height 7.0 7.0 7.0 Specific Rotation [a125 150.5 2.5 77,4 Color of iodine
complex Blue Yellow Yellow-Brown Solubility in water (g/100 ml) 25"
Distilled water 14.50 1.85 23.20 |

WO 20087303657 PCT/US2008/054281

Where the polyester components are modified by one or more acid
ccmpuﬁents other than TA, suitable acid components of the linear polyesters may be
selected from the class of isophthelic acid; 1,4-cvclohexanedicarboxylio acid; 1,3
cycichéxanedicarboxylic acid; succinic acid; ghataric acid; adipic acid; sebacic acid;

5 1,12-&05&&631165&01'0 acid; 2,6-naphthalene dicarboxylic acid; 2,7-naphthalens
dicarboixylic acid, f-stilbene dicarboxyiic acid, 4,4"-bibenzoic acid, or mixtures of
these of their anhydride equivalents, snd the like. In the case of polyethyiene
naphﬂzéiate, 2,6-naplibalene dicarbowylic acid can be used in place of the
terephthalic acid listed above.

G A iypical PET based polymer for the beverage container industry has about
97 mole percent FET and 3 mole percent isophthalate — thas it is the copoiymer
polyethyliene terephthalatefisophthalate. In the polymer preparation, it is often
preferred to use a functional acid derivative thereof such as dimethyl, diethyl or
dipropyl ester of a dicarboxylic acid. The anhydrides or acid halides of these acids

15 may aiéo be employed where practical. Thess acid modifiers generally retard the
erystallizafion rate compare to terephthalic acid.

Conventional production of polyethyiene terephthalate is well known in the
art and comprises reacting lerephthalic acid (TA) (or dimethyi terephthatate - DMT)
with ethylene glyool (EG) at a temperature of approximately 200 to 250°C forming

20 monomer and water {monomer and methanol, when using DMT). Beosuse the
regstion is reversible, the water (or methanol) is continuously removed, thereby
driving the reaction to the production of monomer. The monomer comprises
primarily BHET (bishydroxysthylene tersphthalate), some MHET
{monohydroxyethylene terephthalate), and other oligomeric products and small

25 amounts of unreacted raw materials. Subsequently, the BHET and MHET undergo 2
polycondensation reaction to form the polymer. During the reaction of the TA and
EG it is not necessary 1o have a catalyst present, During the reaction of DMT and
EG employing an ester imerchange catalyst is required. Suitable ester interchange
cataiysts include compounds contairdng cobalt {Co), zinc (Za), manganese (Qvin),

30 and magnesium (Mg), to name a fow. Generally, during the polycondensation
reaction the preferred catalyst is antimony in the form of an antimony sait or
compound, Ofien bottle grade PET resin, during manufactire, is heated under insrt

ambient atmosphere o promote further polymerization in the resin or processed as
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The oligosaecharide ring forms a torus, as a truncated cone, with primary
hydroxyl groups of each glucose residue lying on a narrow end of the
torus. The secondary glucopyranose hydroxyl groups are located on the
wide end. The torus interior is 10hydrophobic due to the presence of
methylene (-CI2.) and ether (-0-) groups, The parent cyclodexn-in
molecule, and useful derivatives, can be represented by the following
formula (the ring carbons show conventional numbering) in which the
vacaheBEitE fepresent the balance of the cyclic molecul &S HEIHH=
6, 7 or 8 gluEhseimtietisl itk Rk&r Tl R2areprmanyiorisedcomoany
hydroxy| swsubstituent: grawps (methoxy, acetyl, etc.), respectively. The 5
cyclodextrin molecule shown above has -OH groups available for reaction
at the 6- position (a primary group) gr!:go ag{the 3- and 2-positions
(secondary groups). While the prefeﬁedfc% dextrin compound for use in
aldehyde scavBighiy e B EeREx sl pLlirireaspcdoiEtins can
be used featIHRETRIMNE fproperies sk gretarsedopycliodextrvinisons
substitutecbsitieneroimpnmeie:alt e fhpamanshysroxls 9iia:ihe oligamer.
Preferred.cyslodeding &V e fitstpGh: Hien 2:GD.A0da'g.arimarily

substitutggv%tg.theag& &oseiyorn Thee %rﬁfgrggd% re a{eatolry sche&ne for
producing a ge}fﬁ/atlzegicfc?gggxsfrin materia av?n@’%ac?ﬁﬁgﬁ%ﬁ%\f"d%up
compatiBERIHF I et FeroiAner i sHes Faaprotcarhime:
primary iRiesyis Withredomimidiu e Ghihersecondanel Tiwycrdxytsiof the
cyclodextrinmelecuigdeing sehstisiedicodination.compeypds or
metal coppiexas i3 which. the madifisd: eyslodextin asts.as adigand

requires &?ue sepondlat{é/ hydroxyl groups to be, free of a derivative. A
sufficient nUmber of prlsrﬂ%gr ﬁ)%rgéexgiﬂ%aﬁaé%%o%g BRMEEfcH 8ossess

compatiSiit*i¥ith the polymer and thermal stability in the process.
Generally, welig9éstsir{gthnravblio adbrangeriof 20spenddnt sasbtituent
moieties;ﬁaﬁablg m@mﬁﬁyﬁb@m{&g&@dw@s&ldﬂs\@ﬁa@ gmj@ggxtrin
molecules.canJnchids,AevlRled axclodextin. alklated avclodextrin,
cyclodeﬁggﬂgggﬁr_sé &%%hx%% t&a@g&es, m esﬁklat and ather, reIa%ed suffo
deriyatives, hydrocar yi-arming Cyclodextin. AT Phosphone At Alkyl
phos%ha?tﬁ’%’}?ﬁfé%‘gyf‘fﬁﬁ“ﬁﬁﬁ&? S B &Y cyclodextrin, pyridine
substituted cyetokéserin spyeiedrbyh28suifaricontaining Suictiofrahgimp
cyclodextsirh sikieoh-oentaining fisctanagrespsubstitued syslaciextrin,
carbonaje.anchasheRalBsubatiiuied SYRedex ity WiQunoed o gandy,
2008/103GR1ECT /52008054261 carbgrylic gcid and r%lt%te%] substituted
cyclodextrin and others. The supstiment mois y"ﬁii’ﬁ‘%lf“.%‘é udé &’ Fgion that
provided COTBARBIR 16t A8 Mg dreats iarce maepgratFetdtcan
be used‘delbsrngsELpAizimgtintional Bioupmihoivderacatyl aptogiony,
butyryl, tifladroacetid bepzoydacniayhantothen wel-kaowne

hydrophilic exterior, is a key struotural feature of the cyclodexirin, providing the

ability to complex molecules (e.g., aromatics, alcohols, halides and hydrogen

30 haiides, carboxylic acids and their esters, atc.). The compiexed molecule must
satisfy the size criterion of fitting at least partially into the cyclodextrin internal
cavity, resulting in an inclusion complex. These compiexes are nnusual in that only

secondary bonding occurs between the CD and guest, yet their stability can be quite
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5 groups., The formation of such groups on either the primary or
secondary ring hydroxyls of the cyclodextrin molecule involve well-known
reactions. The acylation reaction can be conducted using the appropriate
~acid anhydride, acid chloride, and well-known synthetic protocols.
Peracylated cycloclextin can be made. Further, cyclodextrin having less
than all of available hydroxyls substituted 10 with such groups can be
made with one or more of the balance of the available hydroxyls
sulbsHEEEG"0Rh other functional groups.  Cyclodextrin RTHEFAMR G4
also be réattied-witlh alkyl atingragents to: pradiseed an gyl atees-
cyc:jodexu&aﬁ@mmﬁxgii&fm%@um@%g@m@g @snug@&éaﬁ@m
produce peralls xtrin using sufficient reaction conditions to
15 exhau%ﬁ&%?yr%g%% g[%é?oég\%%% dfea%%lc% %%ﬁ g?(%l%gg%\%i%ﬁ&tﬁ%g%fkylaﬂng
agent. FUTEh&Y, 6&B&NRding on the allcylating agent, the cyclodextrin
molecule used in the reaction conditions can produce cyclodextrin
substituted at lessthan-adl of tiie availakls hydmx¥Is. Tygical Examples of
allcyl groups useful in forming the allcylated cyclodextrin include methyl,
propyl, benzylf, issniﬁ'gfg@ﬁig%gig]bultlyl,léallyl, trityl, 20 algyl-benzyl and
other common alkyrgroups;-Stich-atkytgroups-can-be-made-tsing
conventional prepasatesumethods, such as reacting the hydrgxyl group
under appropriate conditions with an alkyl halide, or with an alts/lating
alkyl sulfate reactaftdrfignpiaferred cyclodextritfis a sifiple lower alkyl
ether, such as meﬂﬁgﬁee?hy ?tenr-propyl,.fdlﬁutyl, eﬁ;i’ and l%ﬁot peralkylated
but has a degreeof SUbSTTUtioA 250 about 03018
Tosyl(4-rnethylberizeni: sutfomly e syl Imethaneézsulforiyh) or other related
alkyl or aryi sulfonyl forming reagents can be used in manufacturing
compatibilized cyc{% ﬁ%ﬁ%? oleculesH8F use iﬁ#ﬁé’rmﬁ?iﬁ’gﬁc resins. The
primary -OH groyps (BJT Ljfle cyctodextrimmotecutes-are more | adily
reacted than the segangany-gsaups. 30, However, the molecule can be
substituted on vintealfp aiyz position to form useful compositions. Such
sulfonyl compinin Igl%{ﬁc i%Q%rl groups gggobe usegd to dezriv%tiz either of
the secondary hy%ox;ﬁf1 ot-the-piimary-fi yHgroup-of any of the
glucose oigties irg%%%c%%gdextrin molecule. The reactions can be
conducted Usig a WO B8 3657 PEH &S 55810543 8T SR
chloride ¥E4etaHtAthAPER EFlEdvRN e At wifeitifer PrimBr seondary
secondatipdayriroxy isiPhe sulforyl ichietidatiswisecat Bppreptiatienisole
ratios depengisg-aa-tiennpnber eftargetdyvdioxyhosasin dag.molecule
requiring substiutions Eithersymetical (er.sybstitied compaupds with

a single gyjlonvlmoie).or unsyminetrical (e piimaty and secondary
hydroxyls sub ituted with & mixeure o?'groups Rcitidmg suftony
derivativBESTE B BEprefasd iRy ikhowiiy &2t conditions. Sulfonyl
groups can be combined with acyl or alkyl groups generically as selected
by th¥e experimenter. Lastly, monosubstitutecl cyclodextrin can be made
wherein a single glucose moiety in the ring contains between one and
three sulfonyl 10substituents. The balance of the cyclodextrin molecule
remains unreacted.  Amino and other azido derivatives of cyclodextrin
having pendent thermoplastic polymer containing moieties can be used in
the sheet, film or container of the invention. The sulfonyl derivatized
cyclodextrin molecule can be used to generate the amino derivative from
the sulfonyl group substituted

O C ciry V/
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15 cyclodextrin molecule via nucleophilic displacement of the sultanate
group by an azide (Nct) ion. The azido derivatives are subsequently
converted into substituted amino compounds by reduction. Large numbers
of these azido or amino cyolodextrin derivatives have been manufactured.
Such derivatives can be manufactured in symmetrical substituted amine
groups (those derivatives with two 20 or more amino or azido groups
symmetrically disposed on the cyclodextrin skeleton or as a symmetrically
subtttitEd d¥ine or azide derivatize,d cyclodextrin moleEGRUBIE e
nucieophilic displacement reactjon %hat produces the nitrogen containing
groups, the primary hydroxyl group at'the 6-carbon atom is the most likely
site for incrodubtion of a nitrogen-gog:Rimging group. Examples of nitrogen
containing 25groups that can be usgtful ’t’ae nvention include
acetylamino groups (-NHAO), alk§lamino ingluding methylamino,
ethylamino, butylamino, isobutylami lamino, hexylamino, and
other alkyhamino substituents. [The anting or allcylamino substituents can
be further reacted with other compounds thatteact with the nitrogen atom
to further derivatize the amine group. Other possible nitrogen 30containing
substituergs in_clg%e diallcylarnino such as dimethylamino, diethylamino,
piperidind, °‘*"Ff)ﬁ_e%rz.néf’fq%%%?ﬁeaﬂ?%fﬁ%%‘tﬁﬁtéadéﬁm BB A HRSHRIm
chloride EUBEtHdEHES  Malorandaribativisstdf sytlisthestriis an be
manufacturedsagnanfésdstock forthie e piaptureisfiaieyelotexuir ¢
moleculeskthstiiueshwithg)campatibilizing dativaliversa-srehcompaunds,
the primagy Qrsecandanyoioxt Iroups. are.substiiuted with,a halogen

group suggh)ad% quor,,é:;L%g, onmo* iodo or other substituents. The most
likely position for halogen SuBSHTTHIEHTE thEBrRTaR? i IO R THE:
6-positioM HEEEHAEHER ittt pHoS priohear HyerScaipyvubsttlited
phodphatetsgigops ahdieruseddir-intiogdute:carnpatibletesvatives onto
the cycloglextinAtthe: prinaarydavdroxyl, the cyclodextrin molecule can
be substituted yitg kvl phasRALE. AVAPHOSRNAIEIoUDS: TheZ.and S
secondaQ/ hxng}ca)x‘,gls can be branched using an glff(y phosphate group.
The cycloa@xiri Mplectie bR Settndit Mt et sy et Hiclei
10includifG pERaet R ta Foer g iadpsy histihmeniinie ablegratips,
pyridine &ndsidgtite ted gyrict nolgriupsy subsBGyelottexitinidesivatives can
be modifiedanithsplits coMaiNRG.HmCHoRRBrOYRS R NERAUS R res the

compatibliziag, sHRRUNERL: Qe BE,FYSIRARHLIT. AbRILIiam.Ihe: sulfony]
acylatin roups ourlld agove, SéJdlif%l’ contalnlng‘g%rogjjrps manufactured 15
]

based oh sulthyary y(_:_nee_fsr1i7£s°trb§? R TSE  E RUR 2 ) S &
Such sufff EaHeATEgroEREeUeRe TG YItkity oSy phesyraRs ¢1SPr),
t-bUAy IthisEB 08Bk thypdintixyethiyd o (eBxGREH 20k, derivatized
imidazolylmethyithionpie oylthins ubsituiodpbaay inie.amjealkyithio
and othess; Based.on e etherorhigether. chamistty. ser forth.above,
cyclodegrégmh vin subst tgents &) (1|n£% V\ﬂth a rgiy rox | 2 aldet‘% e .
ketone cqry par%&y |(:'mszc3|3('1p lf’uﬁjé |ona%T )}7 Can be prepar é‘,’s l?&%cﬁcroﬁﬁtém’
imidazoyl substituted cyclodextrin, pyridine substituted oyclodextrin, hydracarbyl

25 sulfur containing functional group cyclodexivin, silicon-contaiming fimetional group
substitqtad oyclodextrin, carbonate and carbonate substituted cyclodextrin,
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includethydroxyethyl, 3-hydroxypropyl, methyloxylethyl and corresponding
oxerne isomers, formyl methyl and its oxeme isomers, earbylmethoxy
(-0-CH2-002H) and carbylmethoxymethyl ester (-0-CH2002-CH3)
Cyclodextrin derivatives with compatibilizing functional groups containing
25silicone can be prepared. Silicone groups generally refer to groups with
a single substituted silicon atom or a repeating silicone-oxygen bacicbone
with substituent groups. Typically, a significant proportion of silicone
atoi8 #'#&Silicone substituent bear hydrocarbyl (alkyl oP&F§20es/es4281
substituenisoBiliconas astiutacmaterialsganaraiyhave.nereased
thermal apglgxinative.etability, apd.ehemical p%%l@i%rw%f%@'li: YHRer0e;
S|I|cc_)ne groups, increase resistance gs)g\éveatt%e_nng, adc dleTectr[p strength
and improve surfaée tension. The molecurar strietire SPLEEENEeRE group
can be v&F&h BEESHSIHE sHifbnetrouisear ravereaindie salbemstom
or twa to §Wenty kilfertto mdnethe silictine toittyycambedinesat or
branchecdiytraxgs afltegechumbenokrpeatingseilicane-xyeen gseups, and
can be WQROOROIERIRCH AR08/ o428 ) frther sybsiituted with

variety of%ngtionaalg_% s. Far the purposes of this invention, the simple
s S el el Fencrind oledptingee o

silicone containing su | (

trimethyI &y T; TR RERAT R AR eiyertt aheaiaie ytoarls afvardcthat
certdfh pYibesh@aresttendndifydroxyatiyiiteriative saresdariilable
commerciatiy:sRrefenadlyidhacyaadextgseompound utilized in the
technology of mamme}m%@ﬁm@@@@@a&yﬁ&lg%ﬂg% or

a-cyclodextrin. P red cyclodextrin materials are substituted
su bstant%él) gil%% a‘é%e 1-%%%&?%5“’%%%@@% Siek th[eﬁ' tﬁ%é‘yk(%né’l%ﬁ%%? HHKg.
The free R dr gy G 8ERE Rt -dﬁfﬁaaﬁl%%‘%ﬁﬁ%ﬁﬁﬁ@’gfﬂﬁfgé@ﬁ%ieties
in the cyﬂg%‘%r?ﬁﬁh&@mmﬁfmamﬂmmmﬁ@mom,
formatiodsrtigndegheelbfisupstitution.(asd-afitheeycladextrin nateral can
rar;)g?tfrthmma@ igou%c%@%ﬁ%@%%%ﬁ%@f@é%@%ﬁ?%{@ﬁa%m?
substitu r 0 1.8, Further ree o
st Lo o o st P BERRER i
compatibie With the poryier TERY heFfe it Ew durEatURae (Rt
cyctode Xt MRk Strabicipams T Ald spiexifescaial yoture sid e sadS\tie
have furtheeitematbtiatahe amodntol substitiytacoyetadextindnaterial
useful insprepentingdbenfonmation of.aldehvde Dwcammplexingmetallic
catalys! igsidues.islassJhinthe.ameuttoloyeledextin bypically, ysed n
barrier Sfructures for volatile or arue com ounc{s. e effective anount of
a substituted cycivdextrin Tor atdeHyaEEa HTERE R Siste S o Sisut
1002f)pn‘i’ft??°lﬁ E’)tﬁﬁ)ﬁh based on the 20 polymer composition as a whole,
preferably 358pptfrtoRigppmeiiMerh eliexerthr.mechanistioastianal the
substitutédt oy aladexisint inaterialdeo 88 oRete LIRe secondanydioxyl
groups {EmkacaAslinAon-caAlRWII e catalyst residyes o form a
metaliogy{fcég%gﬁgg where more than one metal ion 1s'bolin per
cyclodextrin. While the amounta Bf &yetd e s Rrar A praERERg
for 8 atildlﬂwg.’rcr, the molecule can be substituted on virtally any position to form usefu!
COMpOgHInnS.

Such sulfonyl containing functional groups can be used i derivatize either of
the secondary hydroxyl groups or the primary hydroxyl group of any of the ghucose
moietie;s in the cyclodexirin molecule. The reactions can be conducted using a
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25organic: residuals during preform and bottle manufacture are less and
that used in barrier applications, even at reduced amounts, the
cyclodextrin materials can provide a degree of barrier properties.
According to the concentrations disclosed in this application, regenerated
acetaldehyde formation is substantially reduced in the polyester and some
degree of barrier property is achieved, To achieve these results, 30a
substantial and effective fraction of the cyclodextrin must be available for
catly SLPEERTecompiexation to accomplish the goal of thETHYERIN#Fhe
compatibtéioyt lbtextnrcenpoundiatesinteod wae didntetheymedtcondary
thermoplggticaubsiantial feeetandnepiop:co MReX: IBEISIOR me

compoqumg;yg}qg%m&gﬁ%go%gsgg& ;] mer.. m%raftlggn 0\éclggﬂextrm to

a polymer bac;kbci?p e to formPpendant cy clodextrin oups Is known in the

art, Wood, et al U8 “DEFEHE RBPFI8e 8 prediberhrsird¥horated by
referéncé“ﬁ*f‘i’t@%’r@ﬁ? PETSETGAR sECRrt At reaistorrivindreih cysibersitrin is
reacted withpelgludtemliyoiide groups:presentral osg: anpelyedefin
backbonexGyelodrxtinsusaiuin thegrafting Jﬁﬂ&tg@imﬁ%eneﬂcaﬂy

unsubstifted.Qr 9@&&@;@&&%@%%}&%& 0 GOURR, SHER A Fade
0-methyl | or 0~ 0- acet%; raftln ‘ﬁflcal carrle out using any of thermal
HoWn o

Plastbgripfiefifke h%%ﬁméwlmgm%@er@a@mwcm Co. KG of -
Duisburg, Westi@Ge gty midybeiused tdoméd-apolyre padedincorporate
cyclodextimmangeaidion: lnmesh cRREs: 3 extkudarwihde ssed to blend a

polymer&[}&&y ClASXILIR Wit AN &J@J&&&g&%&@%&%ﬁ%@%@ﬁ%Twm

processing echniques KRow i LT SRS Sh O EBF BREDIET A

screw or.single screw extrusion ma win screw Parameters
Value Ra%ced&bgsc%r%v% Bﬁ%ﬁl org ugjﬁguﬁegc%r B ZEREFemp. (C)

cyelodextrin molecule via nucleophilic {ixsplacement of the sulfonate group by an
azide (N;™) ion, The azido derivatives are subsequently converted inio substituied
amino compounds by 1eduction. Largs numbers of these azido or amino
cyclodextrin derivatives have been manufactured. Such derivatives can be
manufactured in symmetrical substitated amine proups (those derivatives with two

20 ormore amine or azido groups symmetrically disposed on the cyclodextrin skelston
or us % symmetrically substituted amine or azide derivatized cyclodexirin molecule.
Dze to the nucleophilic displacemnent reaction that produces the niftrogen contanmg
groups, the primary hydroxyl group at the 6-carbon atom is the most likely site for
miroduction of a nitrogen-containing group. Examples of nitropen containing

25 groups that can be useful in the invention include acetylamine groups (-NHAGC),
alkylaniino inchuding methylamine, efhylamino, butylamine, isobutylamino,
isopropylamino, hexylamine, and other alkylamine substituents. The amine or
alkylamino substituents can be further reacted with other compounds that react with
the nitrogen atom to turther derivatize the amine group. Other pessible nitrogen

30 containing substitnents include dialkylamine such as dimethylemino, diethylamine,
piperidine, piperizino, quaternary substituted alleyl or aryl ammonium chioride
substinients, Halogen derivatives of cyclodexirins can be manufactured as a feed
stock for the manufacture of a cyclodextrin molecule substmted with a

compatibilizing derivative. In such compounds, the primary or secondary hydroxyl
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2 Die Molt Temp (t) 20 CD Moisture 0.5 Resonce, First (sec) 30
Cleared(see) 90 SME (i&g873 Extruders used to blend the additive
compositions can be, for example, a single screw extruder, such as a
single screw extruder available from the Davis-Standard Co. of
Pawcatuek, NJ. Alternatively, a custom single screw extruder 20 and/or
custom screws for a single screw extruder may be employed. Such
equipment is available from The Madison Group, Madison, WI, In some
protEsSB¥IEy- and counter rotating twin screw extrudertrEAYFHEI&EH 1o
extrude compositionstatthetinueniiansubueh Sguipmentds-avaikiefrom

e.g. Coperien:(isripR:\Marnes: W), 200810360 7R GTIS2008/054281
Pfleidereg,dgg glr&g%)gml\ilhg{mAmerican Leistritz Extuder Corp, of
Somerville, NJ, Berstorff Corp., of Florence, ICY, Haake Thermo Fisher

Scientific, of WARREHP MEIRIF 0 Bran Hdr s ieied sraghao
HackensBER N i psaitisrniniies rorgreifein gty 16 imeurpr atdodyaind éxthin
integrallysirterpbipaljme chackbonedyemployingayeiodexdsy as a
monomesiiskh4a0 b exiaationieaction »sheeificallytheRydrxyl groups on

cyclodexg%cggdgggl Q}{%m%&%é&%“g% ‘g'olymerization reaction. Using
hydroxyl groudpﬁi, a Ell'gon,polggmers such as po%/esters and polyurethanes
are easily made FOF examprs, &P KiSHEpipfhaan grferocyelic micte:

10 including pendent imidazole groups, histidine, imidazole groups, pyridino and
substituted pyridino groups.

Cyclodexfrin derivatives can be modified with sulfur containing functional
groups to miroduce compatibilizing substituents onte the cyclodextrn, Apert from
ihe suifonyl acylating groups found above, sulfur containing groups manufactured

15 based on sulfhydryl chemistry can be used to derivatize cyclodextrin, Such sulfur
containing groups include methylthio (-Sie), propylthic (~SPr), t-butylthio (-5~

. C(CH3j3), hydroxyethylthio {-8-CHCHyOH), imidazolyimethylthio, phenylthio,

substituted phenyithic, aninoalicylthio and others. Rased on the efier or thioether
chemistry set forth above, cyclodexfrin having substitnents ending with a hydroxyl

20 aldehyde ketone or carboxylic acid functionality can be prepared. Such groups
include! hydroxyethyl, 3-iydroxypropyl, methyloxylethyl and comesponding oxeme
isomers, formyl methyl and its sxeme isomers, carbyimethoxy (-O-CHo-CO4H) and
carbylmethoxymethy] ester (-O-CHaCO»-CHa).

Cyciodrsxtrin derfvatives with compatibilizing fimctional groups containing

25 siliconé can be prepared. Silicone groups generally refer to groups with a single
substituted silicon atom or a repeating silicone-oxygen backbone with substituent
groups. Typioally, a significant proportion of silicone atoms in the silicone
substituent bear hydrocarbyl (alkyl or aryl) substitwents. Silicons substituted
materials generally have increased thermal and oxidative stability and chemical

30 inertpess. Further, the silicone groups increase resistance to weathering, add
dielectric strength and mprove surface tension. The molecular structure of the
silicone group can be varied because the silicone group cen have a single silicon
atomn or two to tweniy silicon atoms in the silicone moiety, can be linear or

branched, have a large number of repeating stlicone-oxygen gronps, and can be
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No. 2004/0110901, .1P 59227906, JP 05051402, WO 93/05084, U.S.
Patent No. 10 4,547,572, U.S. Patent No. 4,274,985, and EI' 0454910A1,
previously incorporated herein by reference, describe various methods of
‘incorporating cyclodextrin into a polymer. Additionally, U.S. Patent No.
6,613,703, also previously incorporated by reference, discloses a method
of attaching cyclodextrin to a polymer via electron beam. 15Activated

on Activated carbons (CAS No. 7440-44-0) are porous synthetic
SO|?§0n%g EHAls that are commonly used in a wide variety 3?3’8&??6%%%3% for
purificatiéwideebigrizatich 2 andtoddureme\abof. gases anebliguidss
Activatedreartbans-ae st ge reralydupasticylate dom aeg-ayalablg in
powder and BARMALIRIM S NE% 218, £0.L02IAC 2R 0% 20,00, .

porous structure that proyjdes a large surface area, which in turn
fac:llltateéE % SL%) o‘%eg b ne@@%ﬁ?&?ﬁ%’ﬁ?@f’lﬁﬁ%‘iﬁ?ﬁi’f}”ﬁfrﬂ‘f'élyactlvated
carbon to sca\?é?fa‘éb%ﬂ‘%ﬂ%ﬁ@ emeew rslipasdrtbetireiniver giiface
area of thepagticlesydre codiinbociallyiiavaiable activated cardenss (typically
called chastaaty:theR5in Qﬁ&@dﬁf@c@@s@&@&d&%ﬁi%@{ﬁ@&é@%&@g as

measur t of E Teller s
(BET) ni%?é%?ﬁ%ﬁﬁ%%% t e?%g 3% aue?ptbn%ﬁ gEmme Osm

Teller,], A Lo YB3 W&%%F@é@%?&%llﬁﬁﬁaﬁﬁ?e
vo|u}ﬂe/%@tﬁr%%@enﬂ‘&aﬂﬁm@%iw@hssbééiﬁ@@s@tm setivdted
carbon are pogtémplated. Pote volume:limfts:teisizeref molecules that
30can bexaeserhesh:vetile meﬁmrwéa@se%r@@eﬁkg@;@ﬁstmg&%munt
of materialai e, RBOe BoLe.aicss i ASUiled cAIRons are

categorlz Sn geg%' ores which are up, to 2nm, mesopores, WhICh are

between s AR %’%"é’%r"é‘nﬂé’%%f“\ﬁﬁﬁtéﬁ“é?@%?’@%ﬁé?fﬁ?éﬁ%ﬁm
The'fole 0t ?ﬁ‘é&‘c‘?ﬁfﬁt‘fr@&ﬁ&%ﬁ& RO (At B P a s adra Tt e in
2008/10865E HIGROGB/0BLRR M hreroplofithe:aatbonspartisiesthese
pores dasmateantehuie greatidetheoveralbsurfaseareaetdhe Raricle or

effectnve&ygsmaam@c%y%ﬂ%gm%wﬁw%%@@&e where

adsorptign Qy&%h mlc%ki,1 }gﬁkg;s la e ] 1%8 origi f’i| gource of of the carbon, as

well as the means to activate the bearbor PHle ferminas BELS & size

distibutRSHTHR tREBHI Y %ﬁﬁ%‘f&‘ﬁ?&“‘é’m ﬁ%tﬁg‘f’ﬁ)ﬁiﬁﬂm‘é{fﬂﬁ%ﬁﬁf‘s"éﬂ as a
starting ffakerigic ererids absiacthratadesitherbydhemicahor gble
activationcatdentperail eshainecn AQ0E-1 008G Weaash sawdustaand
peat araqmast Aiendeaied by ahemicakactivalion: as.agtivation most
often crplos,an (Wlal S2ERONIFRG, 5. RUITINE) SBT3, 0B

chagcoal nut shell charc
organic residuals during p:eform and bottle manufacture are Jess and that used in

barrier applications, even at reduced amounts, the cyclodextrin materials can provide
a degred of barrier properties. According to the concentrations disclosed in this
application, regenerated acetaldehyde formation is substantially reduced in the
polyester and some degree of barrier property is achieved. To achieve these results,
30 asubstantis] and effective fraction of the cyclodexirin must be available for catalyst
residne compiexation to accomplish the goal of the invention, The competibie
cyclodextrin compounds are introduced into the melt thermoplastic substantially free

of an inclusion complex or imelusion compound.
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10bituminous coals, and coke from brown coal or peat are typical
materials used for gas activation. Gas activation of coconut shell charcoal
provides a high proportion of micropores; gas activation of soft wood
charcoal provides a greater proportion of macropores. Chemical activation
is considered the most useful in general to provide for large proportions of
both micropores and mesopores, Combinations of gas and 15chemical
actjp\vlgtzign/aﬂgg 7adso used. Chemical activation, most typicall
accomp“ssﬁeé with zinc chloride and phosphoric acid, reliBs”
dehydrating action of these chemicals on starting materials that commonly

include non-carbonized (untwtineglipeatidar sawdust: After contacting the
chemical to the,eRtheRacLRUS SiastingMmaterial Jemparaliies 9520400C
~ 1000C eauist dls, oRaning yp.of aressAller healing fhe nemigals are

remoged, y extraction to provide the finished product havi vt}h_e Same
macrdscOpIETET A TREStARIRG i ePisgose » gliuesrtRiati SR D st
typically Sfpl6yEGasessittaaing oxgRehiar s srenmbrearmbridioxide
are contdeteEgiwitfythe-gtantimgihatesiabailiempnerature e iiBO0GE or can
2510006 e binra-paitialcdecompased:particle wherem.he absence
of the degomposed Materals.lor, (e peres, Aclvated carbon Rag .,
sev Bal |[%%%t%gg gsesilnflTag%Qg so@!}utl‘on purl E}catlon of organi¢, .
compounds: removar BFtAstE AT DEET FaiReorrE SRR id JEhEl
water strjfras Heisteiipater e getapte antbarioh &l frlsapdrsiisadlcoholic
beveragéss@fehemicaisiand ghlanmacesticalsinvasiévates treatment;
purificatiopeghgasa s diciid-pRasRF8GAY &Y SERAIBLRNRLREETS8S:;-ARd as
a suppor.far.catalysis. Many. organic compounds such as chlorinated
soIv$ ts, non-chlorinated solvents, gasoline, pesticides and
trihalomethAnes_can be adsorbed by activated carbon. It is also
W02008/10365 7P 12088954 281 effective|for réesval of chlorine
gas and moderatdy gttgtive or removal of some! heavymetals.
Particularly prefegaijein certan applicationsisacid-waghed carbon.
Removal of deleterjous-organic-compounds-is-mere cﬁggtivc at pH of less
than 7, 5 See DeSilva,.E.J., ‘The issue of pH Adjustment in Agid-Washed
Carbons", Water ESHaiGRITEhE Purification, May 2061, pp, 40-44. A
carbon that caus€® piditberise8bove 7 at the outset maifhot be effective
at removal of ‘orpgamics:edl SEVEral rinses in ter result ip.a lower pH. Any

activated carbongtgt.is 7ol geit-wasthed usually:producgs-arrnitial

20681054281

effluent in watet e
. cared Ot (sec) o
SME (kj/lkeg) 873

Extmc'iers used to blend the additive compositions can be, for example, a
sinpie serew extiuder, such as a single screw extruder available from the Davis-
Standard Co. of Pawcatuck, NI, Alternatively, a custom single screw extroder

20 and/or custom screws for a single screw exiruder may be employed. Such
equipment is available from The Madison Group, Madisor, W1 In some processes,
& ¢o~ and counter rotating twin screw extrnder may be nsed to extrude compositions

of the inventions. Such equipment is available from e.g. Coperion (Krupp Warner
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10 actual initial pH depends on several factors, including ash content in
the starting material. Initial pH can be as high as 10.5 when the carbon is
immersed in water. Washing the carbon in acid creates a lower initial pH
after rinsing the acidifying agent from the carbon, providing for improved
uptake of organic VOC and other deleterious compounds. 15 Purification
of Cvelodextrin and Entraining Activated Carbon Particles We have
fou%%ggﬂiﬁ%[fifying the cyclodextrin compounds described above,

cyc odlextrin impurities can be effectively removing using Bﬁﬂﬂ%ﬁ’ﬁ%ﬁmi
techniquéBdretudi oooriadting therigietusybiotiextrfesutioriwith
activatedsehartioahnr.Pfactivater eatkan-ahsnrhent; e foundithal using
these technigwes.rediced.-theconcentration.ofimpurities in the aqueous

cyclodextrin sglutions t’g\gelt%vel%at%%tﬁg% Qot c%)ntrlpélte to‘ctglorngeneration in
the polyester material, forni un sirable ‘Grlaﬁﬁyg ma e_rléu\sgroar e’ﬁﬁée
antimony CHRI SHERPIP RIS SIS BEMSGFIRR & A SIPRGPAFTRTAmGHzeton
techniqu&sctier2Brdiseiithaiivirorievarse osmosisproTessingidive i 2
aqueousroieiatheitiramnate irlrishgiresiec- nto.thaapprepriaieyudrification
equipmepiaReisRIRiaiReds 8t aRRRRRPHAIGNIRSSYECy oL 3RRIQRAte
period Ofﬁ%@e&?o%%{%?%%ﬁ&%Eﬁ@tﬁ%bﬁl%B%t)&s'as%fEahé? Impuyty in the

c,ycll%deétgl{% rgat(?rla passes thro% ter or reverse 0smosis
membrarig Whik the EFEio8ekth Frafefisl R HAthb i tHe BRearse
aqueous§sitoTirrehisefardraboutiPO0 o POdlitarsiofslution are
passed thripugh skdipguiprisntper seuate, ToR ek afdiltenonpemmane and

a rate of aen 18Rite.2 008 disrs Rl uiandies ko Jhe efflient,
passing thrgugh the filter or mtanbrane comprises about 60 to 98% of the

inpult stream. Typically, the WO2008/103657PCT/US2008/054281
nano?iltration or reverse osmosis%ﬁ’&?&ﬁ%ﬁk@% operated at an internal
pressure of aBEtTAE2B B BATNe. T44pEdt eviziepresifistiicelDowekiSD-2
(a ternarp=tasnipevfumtticnalizedidnacronarops-styiehepdifinyiaenzene
copolymesBFRatSE ehin E8rRAVR:PE fLyehowinRE0 IRk als s saterials from
aqueousaxcladipsin soltians. Qiberiseins e owgx.Monosaliore 77
(a wgak base anion resin), [%)gowsegmhéltécélf (a weax cation resin), and
Dowex 88 (4 Strong acid cation) Can ATe S hR &S iRE o MbREHSh iiftont)
with DOWERSI e Rdemiasia WY Gpeiuie dhvithi iow 8225 liters
per mingtebpep f2voisesinpobddhedputifiethcy ¢l ddextrinmiay atgoite
purified Bysisaply adding activated carbon to the cyclodextrin in a solvent,
and filtering off the.achen.afiera.suiiable.peragiaA.ler s caskon to
adsgb Inrrl‘rgy it acse' a\r/ﬁ\:étexs a\llgﬂ{éfj %E]?{SE}% lgne g ;&p z%g’as!{;lred by employing the method
of Brunauer, Brnmett, and Teller’s (BET) nimogen adsorption isotherm. (8.
Brunaver, P. H. Emmett and E. Teller, J, dm. Chem. Soc., 1938, 60, 309,) Total
surface area and pore volume/structure are critical parameters when specific uses of
activated carbon are contemplated. Pore volume Hmits the size of molecules that
30 canbe absorbed, while the toial swrface area dictates the iotal smount of magerials
that may be absorbed,
Pore sizes in activated carbons are categorized as micropores, which are up
to Znm, mesopores, which are between 2 and 50nm, and macropores, which are

greater than 50nm. The role of macropores is principally that of a passage into the
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certain ranges of cyclodextrin concentration, an amount of the activated
carbon adsorbent remains in the cyclodextrin solution after the bulk
activated carbon from 15the purification process is filtered away from the
" “solution. In such a purification processes, the aqueous cyclodextrin
solution is prepared at concentration of about 1.5 to about 50 wt. percent
of the cyclodextrin compound in the aqueous solution. Such an aqueous
soIL{;Jigrz) !}Ség]s%% contacted with the carbon absorbent at about 10 to 350
liters SOIUHORS per kilogram of absorbent. The residence thih & orpeseze:
solution ifFigrebheaetovtathls: dbsorentoatrbeindiustett totobiainl
substantialfmpueitié g emo\ak: e solution, haueeiisgasarally
maintaineddnyeontactwithihesbserbentior.adine period of about 0.5 to

24 hours. After. gg% g}g{g%tnper' d, the solution is filtered using filters
T
havin9 por%siZes f?%m a Olftog%e?gﬂé Yout 2 aﬁr‘fgﬂ ﬁlcrg?iﬁ?%‘f%ritlﬁsed to
g

A OIS B R BE TS P T NG & RIS THE BBfective

remove pa
of the filtF3EfoR tepr 8Tt praves siihe Yarriiakofpertitelatenrattere]
and/or uvdisselvedosclitsdaiing ia:size af-ranmbowi ldodks Mmigkans,
preferablydenm aboutQ2{QR MRS RO RIe HaE FXRPeS 0l o
suitable egituaie nes ISlide, ceramic, paraus carbon, and polymeric
Suit@?le ergl’oranei and membrane filtration apparaflus are avaliiéiple 30
from TAMI, PATWATE' ©iff L rapmsep! Carimem Raardmreeo
Osmonic®® HHiéfifftatiBriqsiatierss kpreved sl skeeced Brrdmperiaturemfiabout
50-80C. of migxetditio gl hyjieaticamcuin ivos Carbon fanainphsbeaddes: to
purh;ietjl}I gﬁwﬁﬁwggﬂm @%@5&@%@{&%@&%&%&%&9@%&@%&3{5@5
metho W 1. Jevels of uncomplexed carbon pores,
whigh in gggn.%%ﬁ’% gn%]% gn%;lg%]f%‘g 20 ?ff&?é’é%?%’é“?‘%é‘%ﬁ%@ 281
available carbon pore space fof impurity scavenging in the end
applications of BFEAAERHEPR: PHE S@itethint ssumisiré doriorcbivafaating
dried additedctmposiions dartrennatistability: basedupon:the potential
of generatingapfiieoleidiisorathed S:Miniesthemneessing afiniggtion

molding QyeledexringoatedP Jo} roximately |.5mL (approx. 1.7
g) of.2 3, -._0/5;8 g ggﬂexggnos%??%gﬁa%/%%%gntré?ﬁgﬁg e?&?%%é%%arbon

parficles at 0.2 W% i€ placed Rt & FORThiHsHaEE hargreiibalent).
is evaporStEEFFS A T SOt ORI niathsd rene bt irsifiy BiarteRpic
10hot pl&¥&: (6 iegesiegd ertriat a moderate temperature. The vial is
periodically agitatethatior most typically employs gases containing oxygen. Thus, steam
or carbon dioxide are contacted with the starting material at temperatures of 800°C —~
25 1000°C to result in a partialiy decomposed particle wherein the absence of the
decomposed materials form the pores,

Activated carbon kins several Important uses including solution purification
of crganic compounds; removal of tastes and odors from domestic and industrial
water supplies, wastewater, vegetable and animal fats and oils, alecholic beverages,

30 ch@micgls, and pharmaceuticals; waste water treatment; purification of gases; liquid
phase tecovery; separation processes; and as support for catalysts. Many organic
compounds such as chiorinated solvents, non-chlorinated solvents, gasoline,

pesticides and trihalomethancs can be adsorbed by activated carbon. It is also
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daring heating, and the interior of the vial is swabbed with a lint free wipe
to remove condensate. When the residue becomes viscous and begins to
bubble the vial is removed from the heat and gently rolled to coat the
“interior walls of the vial evenly, The coated vial is placed into an oven at
60C for approximately 10 minutes to 15completely solidify the residue by
removing all remaining water. The clear residue may bubble and haze
slightly when evaporation is complete. The vial is removed when dry and
plgg" {6 "*¥80C oven for exactly 2 minutes If oven terfSerSiis e6Hs
when pladigith&nviabimtiothgooves baginodtiening aibywhe riesoxense
temperatwgs:s:2i¢ 0C. The vial is removed and allowed to cool to room

20temperatureyaﬁﬁaggﬁg&%@%fsqgséalggs AR Rl bRyl lonized
water, h E:%wd IS é? erredtpas rln%ge and filtered throu@gh a 0.22 um
2

syringe filter. S ITERERTTETEY & TEbEefss B grfpss men 7
spect?opﬁﬁ"(@ﬁ%é‘fé’ryait 5% &FFF K et pianmrerositue Srbel Fremaiferer
colorlessdeirst:sightly-offpelio WMaiTHg lapo ve-purificato mhesalutian; and
filtration teshnicies apphitdon2pansulsitiad anSURStitiad 3add.al -y-C

ye |0deXt%eﬂ%£g&uééﬁﬁﬂI%%¥ ﬁﬁc@r@%&&e&%‘é}{%&%&g{ I0MA%.08
grafted to a Bgﬁxrger to forr’nl one el embodlment of the add |t|ve comgosmons

of the invent Arbon 1 Ty preaty adaad arer o L SRtEhBSranesusly
with,*the @Pﬁ?ﬁﬁ#éﬁ%@%@%%ﬁﬁé@%&%ﬁﬂ?@%&ﬁﬁ%s and
Polymer matetighénitipbiddextid nsdeanpodiicrbarthb eaibeorporated ortoscthe
chip or pelistibyeaatiog Eheichiprer petetaksim das stusturevitiagliquid
coating compRsifian.senaining.Aneliective aRLaLibe Grdadern
substltutgqg clodextrin or WO 2008/103657PCTTUS2008/054281
polymer reac ea cymf}oaléxtrln plus activated carbon. Such coating
compositions are typlcally formed usmg a Ilqwd medlum quwd media can
include aquectisitpidicoHEvake CIe - abe Hastidies are
typically formewmmmmmgpwaiergmﬂb;ﬁd&iweso%@&mea@&wmams to
form coam&aegaum@%@I&%aqsxyf'r&gmgq&nmmamg@m

can Q?,aafd sing Imown

dlsper5|on§ re base organic sq !j\égyts and can be usin
correspondi %?ovent ase coatblgtec nolog “‘il C]IC]UI coatlng
comPosifigHE G MeHvEmEh dai %h‘f%iﬁ?éléﬁﬁ/ IEFrE e tTEtic pellet

(also calfsaceetmprrai Mgkl adigairnporintomcesdting teéhrisibgye
including:floog:-toating) epray-coating; fujdizeddoed caating:eletirostatic
coating qranmothei:0seating process that can load the pellet with
sufficient CyCIC&%ﬁ%fl%@Q&f glgct&’ 9@ p%%tusmg nenofiltration technigues, In
25  nanofiltration or reverse 0smosis processing, the aguecus cyolodextrin material is
divected into the appropriate purification equipment and is maintgined, at an
appropﬁate pressure, for appropriate period of time to ensure that z substantial
proportion of the impurity in the cyclodextrn material passes throegh the flter or
reverse osmosis membrane while the eyclodexirin material 15 retained in the reject
30 aqucoué solution. In this regard, about 700 to 1,200 liters of solution are passed
through the equipment per square meter of filter or membrane and a rate of about
125 o 2,000 Hzers of solution per hour. The effluent passing through the filter or
membrane comprises about 60 jo 98 % of the input stream. Typically, the
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as a scavenger or bather material in the final, article when the
masterbatch is blended with untreated polymer pellets. Careful control of
the amount and thiclmess of the ultimate coating optimizes the scavenger
and bather properties without waste of material, maintains clarity and color -
in the thermoplastic bottle and optimizes 15 polyester physical properties.
The coatings are commonly applied to the pellet and the liquid carrier
portion of the solution or dispersion is removed typically by heating’
leaviifg 4o %Edating on the pellet. When dry, substantiallJF ssmi6tr
liquid mediumisdefiondhe Ralet LAMMAnin.Ie coated-peliets.arg dried
ina desm&g&tlggyggd@ Egmove trace amounts of residual solvent before
thermal 20 pro%es |caII pellets are dried to 50 ppm or less of
solvent.  Altérna |ve’lﬂf mas % ‘ﬁ?f‘r?? G AR RETRVERtion may
be formem%%f%mﬁnbljé‘f%?ﬁmﬂﬁ?@b}a@flmmémv?ﬁ’ﬁ’@%@d@xmn
substitutedicyelode xtrmnj:oiipelymerbended:-eyelndaxtrimanteiaarkon
particles. tihiscmethaskiy picaky.e taplays.the-sddiue blenddn.dhe.farm of a
powder. Iéag)pgwgm,ﬁg%i?;xpe)gggmau%%f@g%%oebof RSO O tons

substltutemg C C|Od§§rln and carbon, t h it m?ly drie tration
or centrifugation of A Soluter oFiAE gd?ﬁf%d Qgﬁﬁﬁéﬂzé%w%rhe
powder i@t Erel 7itS%n extruder so as to contact the thermoplastic
resinhat is in ‘Bbarotite steitdeFivenex tiusionuriiay tyeiagimpley blending
process' cabi: mMay belaimeans tovaduse rafting el -cyeladexttin. .

su bstitut%@&w@ﬂ%tﬁ@%&m&w%L%%&a%%gem%‘é%&?ﬁ&[‘%
reactions a}%l%jescrlt% din U.S. Patent 7,166,671, previous

incorporated by Feterence b s ertaty ™ * ?fiec?met%rﬁ%fﬁ?\vﬂfgﬁ %‘?ﬁ the
masterb&?é?f}?%?ffﬁi?ﬁfli?ﬁh%’ﬁ&i’éﬁfé&’WEéﬁ%‘W vk sbreigeerpelisnzing
typidally Hvesivés ortrodisrstilendastariatcheinitherfonmofqstfanthy
passing thesteansk tirengbyademparatiseicpniialiad waterbathda.WO

2008/103657 Rt Ad @299&@%@&&&9&&&%%9&% passing e sirand
through a %ﬁrand cutter to for the ge le matg%dc‘m)n? the water from the

cn coptacied 6??‘}[{8%7: %%b?ﬁ c?e by

pellet pr|or to st rln‘lls g&rtlcfes of the present inventi

any techﬁlaﬁgr&f)"rlﬁﬁ?ﬁsrﬁff @f‘ﬁ%&l‘g&ﬁﬁrﬂ‘f@ arbtérBerd ?ﬁ‘éﬁﬁﬁ%ﬁﬂ%ﬁ% in
matéYialS%ieE SHh e thrervrinto befiriaktid rbido stiativémmpetesiypasicles
of the inventiomeandsefonnes-hy-exdrssion:blopdingthermeptastic: a
polymer with.Gyeledextrins sulstitvted cyclodextrin, or polymer bonded

cyclodextrin apd carbon, particl foI owed ather | formin
10proc egs. Eitruﬁsﬁgﬁa%gllréaﬁaﬁl%@/%lc ’Ty glr){%rﬁftl)y m%hewésdhc?l \é’ bieh e in

the form OF & pBweer. *PAE PeMadE e B darAr Rifact &?/Elﬁdextrl n
or stibstREEat)eRsamariastinacarbomaioaghtic Fmjidetdridthafteyess
filtration iethc emtrifeigdtiotc-ofarsokitietioftheadditiisasdescrbetkalove.

The powder is1mete Eﬁﬂr&ﬂi%ﬁﬂr@tﬁv HeghkRsmas sTR.contact {)El%qma
thermopiaglig e hiRAL BRAMONIE LIRS SAsion,may,
polymeric. Suitable membranes and membrane filiration apparatus are available
30 from TAMI, Pall, WACO, Filiros Techsep, Ceramem, Koch and GE Osmonics, The
filtmtioﬁ preferably takes place at g temperatre of about 50-80°C.
Additionally, an amount of carbon can simply be added to purified
cyclodsxtrin after any of the purifying steps outlined above. This method allows for

the maximum levels of uncomplexed carbon pores, which in furn resalts in the most
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be a sithple blending process, or it may be a means to induce grafting of
cyclodextrin or substituted cyclodextrin onto the polymer backbone. Such
grafting reactions are described in U.S. Patent No. 7,166,671, previously
incorporated by reference in its entirety. 20Extrusion blending may also be
used to blend masterbatch pellets with untreated thermoplastic pellets.
The masterbatch pellets may be surface coated or extrusion blended, as
is described above. The two types of pellets are metered into an extruder
to PrOVIE& & Hesired end concentration of cyclodextrin gFEEHE2eE54781
carbon pavticléscirbthodinishe daitigley 26Adighextnisionblenings adinal
article is fgemgd from the molten blend of thermoplastic resin, cyclodextrin,
and carbon pagiicles.GoImonhy amploved tedhnigues of forming,a final
article m%udelex&u&gn, coextrusicm, pro ife extrusion, |n15_cst|on molding,
blow molding; ifjection BiSHHs BTG e etrsepmsniic Spdrb sy,
meltblowiHe: e HsGerEe b ipisaionsitatonlcraocontisiPgkicns thereof.
Additionaiyrepetializéd teohnigues) niay be employed-ospravida.cgrtain
articles, WHEHINMANA-QLMOKSHURONS IS, of The. ATICIO COMPIISE .o via
cyclode%}g@gge%_tivated carbon. For example, a bicomponent fiber may
be made usingNaKpol)éolefin gavingﬂgraftled cyclodextrin and carbon
particles as one"COMPONEAT-ald & SELHIY PR g HEr 2Py &Lnsogs
secdhd CBHMBBAETE R DB 081EBESPRETIYSPI08/ 05z - Bivsiponent
fibers andngethods ofdmakingathéns: areidisetosedin: KiuegeretaledS.
Patent Nen#:£98, 668: whichis iocarRaratad-neseindn, is:entieh in
another exampie. o' sheaiplesd ischniae isealo make alnglaricle of

the inver,}ﬂgn,;ln#ectilon blow molding processes are used to produce
polyester 5 Botties” ThE FIaNt A StatirG techmmuednreity pramiused. In
one‘metfIPIECisRefigifn s Triddebh yerjsetidh meldiagtecHigees inide
preform shepbthasingdheinde kviandvearenrcapperio el Haghatte.din

approximalelyusetidsizebushavingthe.hody-of the preformdn a.glosed
tubular form substantially smaller than the final bottle rshhag%e. A single
component or mult-layered perorm can be use FhENISIB TS 10then
inserted THRS A BioWw-moldirng iadhiriertih st kaesH &ated 'eFsBgh to allow
the Prefemitotve iHikted waeibovn intethedappropliateshaper:, the
Alternatingly idhensesin canhedniectionbiowmaldes. ovena stesl-aare rod.

The neckfdhe Q%%@aizjﬂm%@'wmsﬂg& RLopst,shaped rerelyed closures

(cap) a”&{?%{%'?&% e\’? agound }h temperature-conditioned rod for the
blowing ‘step- The fod with tha rasm s ThadE I H8inE 1idFold and the

resin is blown' &S friltitEcrott inginet iieirpRIwane THY fesin cools
whifé in wewHsistwithstheimeld-f6rmingthétranspimantibetite.oT he finished
bottle iscejctediand thecmeekis RapVedagaH: #ithe: 1jeetion Halding
station This RigeesSIsfavorest f:aingle cylindrical POMeS ed afer, or

conternporancously with, the grafting reaction.

30 Masterbatches of Addiive Compositions and Polymaer
The cyclodexirin compound can be incorporated onto the chip or peliet by

coating the chip or peliet or similar stractare with a liquid coating composition

containing an effective amount of the cyclodextrin, substituted cyclodextrin, or
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The most common machine involves a four station apparatus that can
inject 20 resin, blow the resin into the appropriate shape, strip the formed
container from the rod and recondition the core rod prior to the repeat of
the process. Such containers are typically manufactured with the closure
fitment portion comprising a threaded neck adapted to a metal screw cap.
The bottle bottom typitally has a lobed design such as a four-lobe or
five-lobe design to permit the bottle to be placed in a stable 25
upri‘@’ﬁﬁ?&“é%?%% The manufacturing equipment has been ContiaEfps4281
upgradedtbrea cpleiving Statio phoncinerease dsibieughpuh-Ravcmaterial
used in a@y@fxﬁﬁﬁ:ﬁ@@ﬂﬁ@@ﬂiﬂ!&'ﬁ@f&&%ﬁ%%ﬁ@&@i&ﬁ%@@q@&ﬁmdm
B ek e B G Al iR pade
er. The

the form of a et and |s converted to b melt carﬂﬂre
easily redtice GRATERICTRETE 6 Sther EH%WWWSW "flake or
particulate™ e ﬁéﬂ’é’[‘t PP SREkEosT JRbtel e ol etiescahahdn e
blended witls thevd erivatizédoytlodextid noamnatesiabunti| taifasm cdried to
remove ragisiiRaandihesmel.extudadurges cenditions that ghtain a

uniform dispersign Qr.sQl '94&19&1 modglce;“n wgﬁflrlvatlz &ﬁ/cﬁo (Wextrln
ca

and polyester material, The resul ng po yester pellet ‘%ytypl
2008/1038E9p HF &It &TEAS 81 §Ef’6‘§%a?%‘?‘ﬁ1f%ﬂé%ﬁmﬁﬁff%’i%d of
convEntiGHArERReEssIFhErTHE Pemdepraicralsigncorairisao s to
about 0. kdast=9%:pf théagieclodeidrinicoinp aine pmo re: prefetablysabogt
0,035 to adoni00% wil:%-0f1he. qysladesiin campauntRalyesianpellet

containing{hg. macl Igy,@ lorssivn malgualean el ReagoiRprated Into

5the conventl nal, mor grisen v tht |nJect|on ‘mo lding techniques. The

products of these tech nlqu RREESREATR SRR %?B%F?‘gﬁgn?)f’%@sﬁals
'Care mUiSPBE T ARE T4 BIPRI e TRt tir s PRy srEtfte 6F plifigan and
the final frditufbettrerofitieGonteiner oDirimg dhe manufaoiuie of the
perform andnltiterichiring daenmantfaatkrenabihe, Gontaingr sulficientheat
Plstory 'frfllﬁﬁ%ﬁ%ﬁmg it@@ta?‘l?@ﬁéiﬂgt tt?tgnm Q;Mt&% El%é%fe'iﬁﬁh%gﬁf‘ture
or a sufficient amount of time to obtain scavenging and to
thorough(%gl?jlspi%e the ¢y g}cr)a exoin matenar S%mm% OfﬁgéLr g‘ﬁ%trlx must

be a?@hm’?f@ﬁsﬁé\/@ér%?u%?éuﬁfﬁﬁﬁmﬁ%’@%?ﬁﬁsﬁ fﬁ’é’eﬁeps should not
be so long as #iewjicrbidextrrprivateriaddnstiidbmiaity e compdsedi ey, ring
open the:cyelodesxiting tesultingidnaiossof scruengingwapacity and 15

bather prapeiies, %@9&%@@&@&@&&%&%&%%&@%@%@%@ can
resultdutﬂpgﬂ tret tLO‘Q’dQ?]OIdb?e% unlg ac clod xtrlﬁderlvatlve with a

emp O O owder.
meltlng point el OW e pre orm reheat temper ure Is se tecf

Cyclode RIS AR § SoiRte gre St PtRARd R pletoRfrfer@at
temperatifFsiiinprbtitite e fivsitinetydisiarialf oridivted Hotdtivall

giving a hdeyiapperrante: iothe pelymernndecerdiagly; 20depending on
the equlMﬁﬁdﬁﬁé@&&dﬁ&hﬁmﬁm@mﬁéﬂ%%%%%rn&%@@é@ﬁweﬁaﬂg
melt form AL tempsralis. leateh AN ARt SR RTRISB ahout

27000 to 2 Cforatota | residence time an about

preferab s i A R A e R GRS L %ﬁ%ﬁﬁ&?@oﬁié{%ﬁ?&i%}
compie ﬁo??tﬁﬂfi g iHjeETioRrpriorein G mritesisurfgretsde ihengyrslodextrin
material prevéfits atetaldémiile, the masterbatch composition is peietized for

convenient storage. Pelietizing typically involves extruding the magtesbatch in the

form of & strand, passing the strand through a temperature controlled water bath to
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25generation. The total residence time is determined from the cycle time
of the injectidn molding machine.  turning to FIGURE 2, the container
generally shown at 20 comprises a body 22, a base 24 and a cap portion
26 The overall shape of the container is formed in a thermoPlastic blow
molding operation. Base 24 is a self-supporting base formed 30 during
bottle manufacture. Such a bottle can contain either a second layer 17,
pre%%r%%gfrgm a parison having a second thermoplastic material formed
during Parison formation or can have a second layer 17 dBHY/SERPERYZ:
liquid coatirigtarrenR 088/ :AB6EFR CTAISIA0RI0hYW 28 Tomate piak:, Bhe liquid
coating nastegiak car-be-eithese: pasisoR.eeating or a bottle coating.
Other preferred embodiments of the present invention are absorbent
articles, wherein one or, more films sheets, or nonwoven layers are

cle; o the Additive Comnosition

present and can SadvantRgeGuSHy AE tHE RSB sitions of the

O1pPordle
invention. ThefTisisiStie Bt isTmEca Kk howricovsar iskees coampbnents
of absorisanicariclés. 2 brad eynaresenmpleyecthnoyriedestrinanihaarbon
of the distlosmescar-he:ipeorparatest 1@ SLMRNUE UORESIEARIS rusion
odor-cauging:chemicalssBy:aneffactive amount itis meant, for example,
that at Ieg{gt 10% !gfe{}%ai(jgcyé?gf (%%r- 1erg)(;s.?ién t;e}s’?’ sa%e%%ésy%yﬁﬁﬁ%ﬁ%% 210
redugtion IR the 0dor manatng rom He SBEotBeNtArieR P LEMitnent
of the ab¥8B&nt article, or at least 30%, or at least 50%, or even at least
70% of the trafrretsiradtadbisrtsihenpbontipaedito badirtibiddeefof a
cyclodextrinianadieatban coypasi oINS B8 embadipents:adaloth-like
or reinforginaRacksNetAYRLERRDS . R USRI MAYEUR: QL EXaMPle,

of polyprapylene sptznbond nonwoven produced in a manner known to
those skilled in th%%%%%i/?%ﬁ%%%gga?vﬁo?3?3:3? *SHERE REFRAPEY B15h iene

polymer US&H fAYRE CplrBore i seaiiiitn anelmetiveTanotHiva e
polY propyfefierrbiftsibe prelssiestiirmariy varborcofdive ghigdlpsiire, effective
reductiorvobdaisoenianating fam the:abserpemanialecanhe ashigved.
20 Alternativelyaringteasaf palyrrapyle ﬂgsét&og@wfsa\;@%@#&%@wise

copolymgg&eggqu]%lgﬂ%e@nd a-octenc, methyl acrylate, or ethyl acrylate.
The,ponwovep Incof, clodextrin, substituted

n may Incorporate grafted c j
cyclodextrin, 67 ﬁuﬁ'é"lﬂl@éﬁff]‘l@ﬁ%ﬁ%ﬁ%‘ﬁﬁ#’&F&?@Wﬁﬁbﬁ&}ﬁ%@%‘érbon.
Any fibet ¥R &1tmepifaisielicsninirngtherheptastic polycsiefinstebed for
this purpeseicabiddederine drposateth theTeinw25gysladenitnand activated
carbon ah taeuaiseloRi te dRAELXAMRIGEGURE R Shaws afod
absorbent:pad.30:haying-spunbongd or porous top film 31 and spunbond or

porous bottorrA iim 33 an imdeltblown or absorbent core 32. Such an
absorbent article Ay B8 Leed i ta' it R HItS Y EY Pradihg the
pad und&ieRRTisHeH o RE Hreat Rrdeabe ea sk RgumPilirBO8ELfilth 33 or
core 32 naenjdeeviffrisena cOmiposit onlafthednve atisnydfor, example a blend
of substitutedCyglotaxdin:andiacthvaiad SRR InRrQye the
scavengiag ah map AR ALIRAHRIS PN ARSRe aharticle

30 combinations thereof. Additionally, specialized techniques may be emploved to

provide certain articles, wherein one or more components of the article comprise
cyclodextrin and activated carbon. For example, a bicemponent fiber may be made
using a-polyolefin having grafted cyclodextrin and carbon particles as one

component and a second resin, such as polvester, as second component,
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Another useful embodiment of the present invention is a fuel tank wherein
a cyclodextrin and carbon composition of the present invention may be
incorporated. WO 20081103657PCT1US20081054281 The five-layer

* coextruded fuel rank isthe de facto industry standard in North America.
Coextruded tanks are designed to meet strict evaporative fuel standards
and consist of an inner layer of HDPE joined by a tie layer and bather
layer of polyimide (nylon) or ethylene-vinyl alcohol (EVOH) copolymer The
tie [‘g?ez?gl’ssﬂgﬁ% adhesilie resin formed by the copolymeriz%f' @@gﬁﬁﬁfi
polymeriRitiopoft@REwith:traleitarie, mndhasdcfunetiongkgraup
which adbeyes:éa apokwelisnechain.palmeL-AR.addiiopal tie layer can
oe lomned by 2 p¥eff IS . N0 0. CHELBYEL AL MRE T TS AfREOf
the regrltrglg .nlva%xer a,d‘ds_anbi%ddltl nal layer fora S|x-fayer tank wall. In one
embodiment of the fYERESI e Paiymeresnt i eedramstrs disclosure
can be ud&deto Sebetariem mshaestae tyakkby préphrtiesohebmmercial
thermoplastrerfuektdnisiycaddingiactvatedcamtekio efpnetinpalized
HDPE resin giafted with:Cysledaxtinpsdheanesal ontionally. the auter
HDPE layer,comagsiion ol e (ush il 0, 9f examnle, rediice gasoline

vapor pegggeeatkon. 5Thus, in embodiments the prese osure
provides an organic iquid and VApor WHpekHesEbie Jasss) orapiemyg a
rigid*Stru S EFEHY persrdheTetowirerote bear sutespoRierdhdayer,
such as anHD REd ayerda-balriarinesin layerrsuahuas Nylen ebEMIH:
20an adhesiv &Jﬁﬁfﬁﬂ ﬂ»&)ﬁﬁlﬁn@@&joygr a3RANBR-RO YR %Eok@_&ﬁﬁe%mpigi RIRgA
plend of a:aelglelio and.a.uodiied Rolvoleln. and.actiyated. cartion, the

modlfledxgolgotlgrflrgg mprising a cyclodextrin, cyc(jo extrin being

substantially free of & compouna h e CETtFRl presmBifidkarmpe Hrebre
layelin dUAReTERA aAtrba ettt warsaniardha Tusetion Sizeddaspol fer
resin gifteeneithseyidiod esarr, with #elGAIREgiowsngmultitayerad fuel
tank constisietiont4@: cpsmaankused e ndasths: Schematiadiagram of

one embagliment.of the-mHltilayered.Gonsiiugtion. 40A, shows outside
HDPE layer 4:l.hadg1gsive resin kLe%er 42, b%rrie'r resin layer 43, another
e

AN Inside HDPE tdy 8144 A S8eshE SoetBitiment

adhesive layer sz,l §nc(§ an’insi ‘
of tH8 mitialered cBHsiadfaRrapE ShttvS ER i derdr sy don fhe
adhesivéfesiriespdiigohhepr erdesindaert, i mSideR DRGE fayendd.
The batheryesityayertisqroshGommmentysetby engsyinylalcohahearelymer
or nylon x4 any:ef Hesetauehs. 8. CHE adedrn.andcarhan cempesition of
the e D 0 R IR Gdeh O AR B8NS 2 RO IRl 1avere

ma)é be graﬂed wi ) ,
5 pright position. The manufacturing equipment has been continually upgraded to

add biowmg stations and increased throughput.

Raw material used in any of the thermoforming procedures is a chip form or
a pelletized thermoplastic polyester. The thermoplastic polyester is made in the
form of a melt and is converted to bulk polymer. The melt can be easily reduced to

30 auseful pellet or other small diameter chip, flake or particulate, The pellet, chip,

flake or particulate polyesier can then be blended with the derivatized cyolodextrin
material until uniform, dried to remove moisture, and then melt extroded under
conditions that obtain a wniform: dispersion or solution of the modified or derivatized

cyclodexirin and polyester material. The resulting polyester pellet is typically
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WO 2008/103657PCT/11520081054281 cycloclOctrin and incorporate
carbon. Alternatively, a barrier or adhesive layer can incorporate
cyclodextrin, for example a substituted cyclodextrin, and carbon patrticles,
“Inclusion of the compositions of the invention are advantageous to prevent
fuel forges from breaching the tank and creating a flammability hazard.
5fWe have also found the combination of cyclodextrin and activated
carbon is important in achieving the goals of the invention. As discussed
abdVe e ¥yElodextrin material is applied to a pellet or cHiFFSHE 6T of

an aguequssSAMHb-SHER SIS MeMAS.0¥% diSSBIVING. O etorably
suspend'&gtgagagx&leg%tggm@paﬁsw?& (B AEOUR DO it
ode

aqueous solutjon Js §are rom cyc trin 10 materals where the
trace impurites Have b éﬁﬁﬂé’ﬁ%%%‘“rﬁ&% ifHEATEE e ERS SN the
enzymatREIFERtEE fee Bpiifedyreloiiesin rrimiateriahprbdocimgtirbiat
starchie Sisagchaiide raricpolysaeeheti té:plecn=or rmateqials T from the
syntheticreastioneiWeanthe.sysladextrigmaarialand.reactants used

o e deuRiuERMaleriale, WAL AIS eSS AT ITRUTIER NG,

substltutg i(_:%d X'[t‘l(l)} 15mater|al that cause off-yellow cofor in injection

molded TAcilde Tron SOt CRIBAHES REstReREa’ from Suetai e

sodium SEEt&{E Wﬁ‘fﬁﬁ”ﬁ%ﬁﬂ?ﬁ@é?‘%’ﬂ%ﬁ@é@ﬁﬁ%ﬁ?@%lﬂﬁmd linear

staréhesmhvogcbsanyidvoglucosenaneand preieins. Thedforegeing

discussieniiListatesvatious sanbedineniselidacapplication andthe

acetameﬁlygﬁsﬁﬁg%ﬁﬂ%ﬁq the;bagrier, x%%gr%?@&%ex'n d&u@'%c’f the
at

20 materlals venﬁléng The fo Iowmg examp es an urtﬁer

exemplify ﬁwe mve%ottlo?mscén ntai G TSEE Y ERNERTAL
SECTION®ER8 eI “%RSWS”)F%é‘mS?Fb@t@%%%W(@égree of
substinitksrit ormdrfacrretddiy WackerBleaem vphaduianasolution
was prepategkiniceinnizetimaiat: i prepaiag RS Oin, 340 W%

of coconwmmmm%%agms& N M%ﬁae as pb@k%med
into the dréé nytﬁﬁo extrlrrg]rg&G hours 100C é}&“" e 35 wt% met}m%/b eta

cyclodextrin Solutiorn Contamning ac?va‘? REPROR AL CantPGgEe At
750 rpm TR AT ﬁbﬁél‘lﬁﬁﬁfﬁiﬁf sk ederriftigedigdiution was
add€d toagiimses vt dovetedwithreskpdlide: Grayrstadén(8 bit)

digital imagesnveedhemiaken.of the selltiand) §i@graﬂ§rmmﬁé@§tﬁg ht
m'CrOSCQWdQMEL%'%@Jﬁe %%Q';l%? £ tgl ou%) {28

Melville, NY with a 40x objective equip e wﬂﬁ] O{mmgmaplx ngéyeplece

camera. Si pIath RS A RS TGP f‘?é‘@éﬁ‘fﬁ‘%exﬁ\“%%%’éeﬁ%tograph

was tak&7'GParéthgastiie: S éentoieirrensionbesibratiokcFie images
wei ansizeth D ptisasdmeage-andysiseo fwae: (available ftom the X
Companyefior )naidwal tadbigsthreshold was used, a binary fill operation was

performed, aﬂ%{ﬂ% Q@%UQQ} %Qecggmg] ;%9 generaﬁy shown at 20 comprises a body

22, abase 24 and a cap portion 26. The overall shape of the container is formed in &
thermoplastic blow molding operation. Base 24 is a self-supporting base formed

30 during bottle manufacture, Sucha bottle can contain either a second layer 17,
prepared from a parison having a second thermoplastic material formed during

parison formation or can have a second layer 17 derived from a Houid coating
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5 extracted. The information extracted was the area equivalent diameter
(AED). The results were obtained by analyzing the data using the
statistical package R.  Figure 5 illustrates AED in microns and particle

- -Circularity in microns forthe carbon particle distribution in 35 wt.-% methyl

beta cyclodextrin solution centrifuged at 750 rpm for 30 minutes. The area
equivalent diameter and the particle 10 circularity were calculated from_
the area and perimeter of the image of the particle. The particle circularity
is tREEIEE@EBtained by dividing the square of the perimefétaEapwiteesof
equivalentasea thihgueapiuied Ralicls INA0E PyAs mudlinisd hy.the
area of tngagggtured particle image. The particle circularity is 1 when the
captured partlc(:)%ima%e IS a perfect circle, and is less than when the
captured particle imhage 15 15 SBISng Br HBETHVEIREE FEPERaMpe, the
particle citRUfs S 8F AP ddundtersl Hevaseriserosoreanbeaditateral
pentagoreisa8ra8esihatonfoar eguiaterabiettagonvis::886smnglamn
equilaterabiianel @riSdhefl 1 HEXRIP R RAERGE.AR4BANEHG . they
hydrocarben ol ANYREHIELEL. 00N Caporaion, Cindianatl OH was

infused WsE[aI’] 0,2 Wt%h f coconut charcoal previousl grour? In a mortar
and pestle.%é? SR %%(%’6'3 B e &IOR8 P PATOR WA S SR GEW at
750 rpm for=guakiftHes s Up perear abr oting senmtifrgedioiricas added
to a Hlasseslitieraniicthisn cosveediwithaishp-slideciGrayssaled & bit) digital
images weresthemiab, takanabihe HiusinganQhmpus8H2 tansmiited
light mle@@@Qﬁ@t@M&%&M'&b%ﬁ%l@ﬁk%%?‘é@%égé%&é REdapixel

eyepiececgarggg% Two pictures were taken of the sample. A reference
photograpﬁ%vas taken of a stage micrometer for dimensional calibration.
The images wBrEBhER2 BBy Opfe faglahahpeistes faamen e
varidble gsrershiokidyas isedmaibifanjyfihoperatiorowiasperfanmedssand 30
the data fremeeastimageswasedracted 5T hgiisiarmation exisaciad was
the ?rea&g‘w@fgy%ﬁw%@, r%@!d@ﬁ\%%%%&%&%&@&&é@@% SMM%%}{* of
analyzin ata.using statistical package R. W -
2008/10%‘6"%%3&‘*?7i€j‘§§%§%“‘78§t‘a gt “@F&%&E%"'i‘%‘%{é’ S particle
distributiSH B HERT SRS ReCEIR e Guersr 75iyieSr Tor-35 iinutes. The
aregequivateit diamsenscard thie frarti tlencireriarity erercadcuatedfroim
the areas@ndpenineiemefthevimage-of-thenarficke Thxample.3:xied
[3-cyclodextpn-wasanaredfar thetmah stehiitvbaseduRendhe potential
of generaling.yoletie.hsimal.decomposiion praghicts produiced from
impurities including acetic acid, ormlc'acﬁ, urTuraé?s,tfinear §tar$ﬁesgand
sugars, GERYEIRS T FadrEtre R SUBGTE CBLar, REUBEIIEDSE Bne and
proteins PRSP tisthimipatear tHéprsdlessing of reactive extrusion
where 0-cyclottextrinpis, GrafiRE onteryateicanbyd idesfunctipnalized or
polyolefms-aig amyssuRseauent GQRMRESINNPEINeMatelaliig.farm an

article. Q; thn {manufacture Wa keré h eie aof,g\g rian, Ml)
was pre%gggég%z&yﬂb%g%yinggg.glﬁ%ﬁ% anj(ijCDi.LB gvjtl%’o o?lgégo%ﬁgcharcoal
round i ¢

previously % ARAPTTR dhy e eislestn 11 Harse f880).

15(8%cyClodE%tHinT 65 ¥ amswag=adderPesiane flinkatios facesviel «

(availablesfroffsubstituted cyclodextrin and activated carbon, to fmprove the scavenging of
mziodorous compounds by the absorbent article.

Another useful embodiment of the present invention is 2 fuel tank wherein &

cyclodextiin and carbon composition of the present invention may be incorporated,
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IChem Corp. of) with a Teflon-faced septa screw cap. The vial with screw
cap removed was heated in an oven to 290C for exactly 2 minutes The
vial was removed from the oven and allowed to cool at room temperature
for 40 seconds before applying the Teflon-faced septa screw cap. Thermal -
decomposition products 20 resulting from 0-cyclodextrin impurities were
measured in the headspace inside the sealed Vial by gas -

chromatoamﬁ) High-resolution gas chromatography (FIRGC)
oper3Ed® SHame ionization detection (FID) was used tB-THEHSHiYE {FE
hteadspdtie teneantratinn-otisotaile thematdecer pasitiom preducts.
Vollztlli Cﬁzﬂbﬂw%&M&%%@Mé&%ﬂ@ﬁ%&%&%@?ﬁﬂ%@&ﬂ&%ﬁ% by
solid phage microextr %%rom e test via analyz y
HROC/FID. The 4%?%1%%1 al was malr‘{%jfﬁ%tb at¥14 Erfm% mrl] %es% rior to

sampling’ Wea%)éimg(?%eﬂﬁ?@@h‘@% YR AT e faraL ey i f"fdféé
using®an @B°tiiA T%WWW@EX&@WWW@W@ Inc,
of BelleforitemRA) @iickih e:SPMEdiabranalyze dinceasdingytoihe: Gn

method ip.Tablend ad%@@(;’ﬁ%pc’é@%m*@l;a%ags%ggﬁeaméﬂ%%
condltlong Jﬂfé@@@ (IBQ%: Z0 G@%T Y\c}ﬁxpn%nqture% % Ji?c} E%Siaoe%o[;gtector
rny in. Oven

(HD)330.t Over Zone; EqU|b rogra

PCTI us%ﬁ@%‘é@sﬁ? Pﬁ%etﬁé“f'}f‘éﬁw%‘ Ot TR S Sgh B = srtioles of

the disclosure can be used to substantially improve the bamier propertiss of
commersial thermoplastic fuel tanks by adding activated carbon to 2 functionalized
HDPE resin grafied with cyclodextrin as the inner or optionally the outer HDPE
layer composition of the fuel tank to, for sxampie, reduce gasoline vapor
permeation,

15 Thus, in embodiments the present disciosure provides an organic Hauid and
vapor impermeable vesset comprising a rigid structure having layers in the following
order: -

an outer polymer layer, such as an HDPE layver,

a barzier resin laver, such as Nylon or EVOH;

20 an adhesive vesin laver; and

an inner polymer layer comprising a hlend of a polyolefin and a modified
pckyoléﬁn and activated carbon, the modifiad polyvolefin comprising 2 cyclodextrin,
the cyclodextrin being substantially free of 2 compound in its central pore, for
exampl:c, an HDPE laver in admixiwre with activated carbon and 2 fanctionalized

23 polymer resin grafied with cyclodexirin,

FIGURE 4 shows o multilayered fuel tank construction 40 commonty used in
the industry. Schematic diagram of ons embodiment of the multileyered
construction, 40A, shows outside HDPE laver 41, adhesive resin layer 42, barrier
resin layer 43, another adhesive layer 42, and an inside HDFE laysr 44. A second

30 embeodiment of the muliflayered construction, 408, shows outside BDPE layer 41,
adhesiv!e resin layer 42, bamier resin layer 43, an inside HDPE layer 44. The barrier
resin layer is most commeonly ethylene-vinyl gleoho! copolymer or nylon. In any of
these layers, a cyclodextrin and carbon composition of the nvention may be

incorporated. For example, one or both HDPE layers may be grafied with

42



75 "C 2.00 min. Level Rate CC /min.) Final Temp. ce) Final Time (min)
10.01250.00 2 25.0 220 0.00 3 35.0 260 1.00 Runtime (mm). 12.9
injection: split Split Flow: 30 nilimin

WO 2008/1403657 PCE/UIS2008/654281
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eyclodexirin and incorporate carbon. Alternatively, a barrier or adhesive layer can
incorpoiatc cyclodextein, for example a substinuted eyclodextrin, and carbon
particles. Inclusion of the compositions of the invention are advantageous to prevent
fusl fumes from breaching he tank and creating a flammability hazard.

We have also found the combination of cyclodextrin and activated carbon is
importa;nt 1 achieving the goals of the invention. As discussed above, the
cyciodéxtrin material is applied to a pellet or chip in the form of an agueous
salutioxé;. Such solutions ave made by dissolving or suspending the cyclodexuin
material in an agueous medivm. The agueoss selution is prepared from cyclodexirin
materials where the trace impurities have been removed. These impurities can arise
from the enzymatic manufacizre of the cyclodextrin material producing linear
sta:ci:c$, saccharide and polysaccharide precursor materials or from the synthetic
reaction between the cyclodexirin material and reactanis used to form the
derivatives. Materials that ave present as impurities in the substituted cyciodextrin
material that cause off-yeliow color in injection molded PET include iron, sodium
chloride, acetic acid, iron acetats, sodium acetate, forfurals, linear starches znd
sugars, dehydrated linear starches, levoglucosan, levoglucosenone and proteins.

The foregoing discussion illustrates various embedinents of the application
and the acetaldehyde reduction and the barrier and complexing properties of the
materials of the invention. The following examples and data further exemplify the

invention and contain & best mode.

EXPERIMENTAYL SECTION
Example 1
A 35 wt-% metiyl beta cyclodextrin (degree of substituiion 1.9,
manufactured by Wacker-Chemie of Adrian , MI) solution was prepared in
deionized water. Prior to preparing the solution, G.10 wi% of coconut charcoal
previously ground in a mortar and pestle was blended into the dry cyclodextrin (16
hours @ 100°C). The 35 wi% methy] beta cyclodextrin solution containding
activated carben was centrifuged at 750 rpm for 30 minuies. An upper aliquot of the
centrifuged solution was added to a glass slide and then covered with a ship slide.
Gray scale (8 bit) digital images were then taken of the solution using a transmitted
Iight microscope (Olympus BH2, available from Clympus America Inc. of Melville,

NY) with a 40x objective equipped with & 4 megapixcl eyepiece camera. Six
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Column linear velocity: 4.21 cm/sec Column: Rtx-5 60m x 0.32 ram is 0.25
imi Table 2 provides the gas chromatographic results obtained from the
four cyclodextrin samples. All activated charcoal containing samples
showed substantial 5reduction of decomposition volatiles. Table 2. Gas
chromatograph SPME headspace results of fl cyclodextrin_powder, dried
to remove water and heated to 290C for 2 minutes. Activated Charcoal A
Gas Chromato7graphy Area Counts IPercent (%) Reduction in Thermal
Dedom 0ltion Product 0 12,228 NA' 001 4,373 64.2 010 SE7HEHE B

picturss were taken of t};e sample. A reforence photograph was talen of 2 siage
micrometer for dimensional calibration. The images were analyzed by Optimas
image a;.naiysis software (available from the X Company of Y): & variable threshold
was uséd, a binary fill operation was performed, and the data from gach image was

5 extracted. The iuformation extracted was the area equivalent diameter (AED). The
results fwerc obteined by analyzing the data using the statistical package R,

Figuxe 5 illustrates ABD in microns and particle ciroularity in miorons for the
carbon barticle distribetion in 35 wt.-% methy! beta cyelodextrin solution
cen&iﬁiged at 750 rpmn for 30 minutes. The area equivalent dismeter and the particle

10 cchaﬁW were caloulated from the ares and perimeter of the image of the particle.
The pafticls cirowlarity is the valus obtained by dividing the square of the perimeter
of a circle of equivalent area to the captured particle image by 47 multiplied by the
arca of the captured particle image. The particle circularity is 1 when the captored
particle image is & perfect circle, and is less than 1 when the captured particle image

15 is oblong or has unevenness. For example, the particle circularity of an equilateral
hexagon is 0.952, an equilateral pentagon is 0.930, thai of an equilateral tetragon is
0.886, and an equilateral wiangle is 0.777.

Hxampie 2
20 Emery 3004 synthetic hydocarbon oil manufactured by Cognis Corporation,

Cmcirmaﬁ, OH was infused with 0.20 wt% of coconut charceal previously ground in
a mortar and pestle. The ofl with activated carbon dispersion was cenirifiged at 750
rpm for 30 minuies. An npper aliguot of the centrifuged oil was added to 2 glass
shide and then cove;ed with a shp siide. Gray scale (8 bit) digital images were then

25 taken of the oil using an Olympus BH2 iransinitted light microscope equipped with
a 40x objective and a 4 mega-pixel eyepiece camera, Two pictures were taken of
the sample. A reference photograph was taken of a stage micrometer for
disnensional calibration, The images were anatyzed by Optimas image analysis
software: & variable threshold was used, a binary fill operation was performed, and

30 the datd from each image was extracied. The information extracted was the area
equivaiéni diameter (AED). The resulis were obtained by analyzing the data using
the statistical package R.



1,087 91. 10Example 4 Methyl O-cyclodextrin was analyzed for
thermal stability based upon the potential of generating volatile thermal
decomposition products produced from impurities including include acetic
acid, formic acid, furfurals, linear starches and sugars, 'dehydrated linear
starches, levoglucosan, levoglucosenone and proteins. 15 This method
mimics the processing of injection molding cyclodextrin coated PET chip.
A 3%9Wt% rQethyI g-cycloderrin (degree of substitution 1.0, manufactured
by W3Z008T1(13657PCT/US2008/054221 Wacker-Chefnié GFREFHR
IVIl) solution WaS'Bte parechbyraddingsOtoyclotdextsraioidaicnizegd-uater.
Prior to preparing the:solution: 80 dqn:10:andd-0.0the ofcaconut.gharcoal
previously.qreunddn-a.MeLar ARCRESHS WAS.DIENded into the dry
cyclodextrin (16 hours @ 100C), Each of the three 35 wt% methyl beta
5cyclodextrin and activated charcoal solutions were centrifuged at 750
rpm for 30 minutes, An upper aliquosEsie3centrifuged solution,
approximately 2i8hitysifderg)vef an8Hw o oyclddetiintaaition fwas
added intoiaé#Deminheagdspace makwihadeliMpiserd seniasssgw cap.
Water was,evaparaied:Tom 1R solution oy.heating.ihe vial ysind.a.heat
gun at a ggh%%%{%tﬁn Eerg&eﬁ%t%%%&%s e%gggo Ilr%g to coat the 1Qinterior,

ev . . ryni
placd ift6 SR BT 4F y8esstSie apisroRinTareRP IO sl e e gietely
solidify tRecyeidteRiindedsidiraatiyetentolsng, atkremalnmgwaterrinsome
cases, the: cleai:On cyaledextin pasidur-buhbledrand-hazedshohthmwhen
evaporalieRWASICARIBIEIE. k) & VILIILD SAT QY GAR TEMOYEd WA heated
in an ovep to a%%r%%ofz%r 2 milllaute%m}%_ chr}&‘e vial vys%gxremoéved and aOIJowed to
coollgt room tempera Ufe for 48 'Secon sdﬁ%%cre aptﬁ?ﬁ%d‘?ﬁé@éﬁoﬁlfaced
septa scre CAP FherREra BeoHso Stdh Progereras s frrmethy |
13-cycl deksmTireimplnids Tdio-fedsureivthe. badspeaidesimside Me
sealed viakbydigas ehramatogeaphywersing dedpakamelers:ef:lahle |. Table
3 shows{he.gas.chiematographics esulis.obiaingd.from ﬁtorzlg()f(s)elégnqgethyl
200-cyclggerin, samples, Allagivated chalrcoel Containing samples
showed substantial reduction ot decormpoation VOIAHIEE RIirRE %fd 8
provide THE EH BTG PP AL DT IH & tHarh &1 Hebsipesimois the
productgerdiétivio: eyutatexiin ,and methyl 0-cyclodextrin containing
0.1% activatedigaraintibasedramaneight @R Gpelaeexti Rlme ionization

dstection (FID) was used to measure the headspace concentration of volatile thermal

walls of the vial evenly whilé purging w R RO SR FREEoatEd vial

decomposition products. Volatile compounds in the headspace were quantitatively

25 collec:téd_i}y solid phase microextraction (SPME) from the test vial and analyzed by
HRGC/FID. The 40-ml. vial was maintained at 40°C for 15 minutes pricr o
sampling the headspace. The headspace was sampled for 10 minvtes using an 85
um Carboxen/PDMS StableFlex™ SPME fiber (Suplece, Inc, of Bellofonie, PA) and
the SPME fiber analyzed according to the GC method in Tabie 1.
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25 Table 3. Gas clu-omatograph SPME headspace results of a 35 wt%
methyl O cyclodextrin solution, dried to remove water, and heated to 290C

for 2 minutes. Activated Charcoal wt% Gas Chromatography i Area
Countsl Percent (%) Reduction in Thermal Decom osition Products
304,903, NA 0.01 141,388 53.6 0.10 84,957 72.1 1.0 71,7051 76.5

WO 2068/163657

10

15

Table 1. Gas chromatography conditions,

HP 5890 GC

Zong Temperatures:

Injéctor

Detector {FID}
Over Zone:

Equib Time
Oveq Program;

Initial Temp,:
Inthial Thme:
Level
%
2
3
Run#ime {min}:

Ejection: split

Setpoint
250°C
330°C

3.00 min.

Setpoint
73°C
2,00 mnin.

PCEUS2008/054281

Rate (°C /min.) Final Temp. (°C) Final Time (min)

o 125

250 220

33.0 266
125

Split Flow: 30 mL/min
Column linear velocity: 4.21 corfsco
Colurmn: Rix-3 60m x 8,32 mm x 0.25 ym

Table 2 provides the gas chromatographic results obtained from the four 8-

cyclodextrin samples. All activated charcoal containing samples showed sobstantial

reduction of decomposition velatiles,

G.00
0.00
1.00

Table 2. Gas chromatograph SPME headspace results of 8 cyclodexirin powder,
dried to remove water, and heated to 290°C for 2 minutes,

bl

Activated Charcoal | Gas Chromatograply | Percent (%) Redustion in T hermal
! W% Area Counts Brecomposition Prodnoiz
0 12,228 NA
0.01 4373 64.2
0.1¢ 2,879 76.5
1.0 1,087 91.1 |
Example 4

Methyl B-eyclodexirin was

analyzed for thermal stability based upon the

potential of generating volatile therma! decompaosition products produced from

impurities including include acetic acid, formic acid, furfurals, linear starches and

sugars, dehydrated linear starches, levoglucosan, levoglucosenone and proteins,

This méthod mimics the processing of injection molding cyclodexirin coated PET

chip. A 35 wi% methyl -cyelodextrin (degree of substitation 1.0, mamifactured by
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Example 5 WO 2008/103657PCTMS2008/054281 A 46.7 wt% methyl
g-cyclodexttin (degree of substitution 1,0) solution was preparekl in
deionized water by adding 280 grams of methyl beta cyclodextrin (dried at
100c.0 for 16 hrs.) to 320 grams deionized water. The 600 grams of -
methyl pcyclodextrin was split into two 300 gram samples - Solution A and
B. Solution A 5 comprised a 46.7 wt% methyl beta cyclodextrin agueous
sol%io%.GSIlﬁsggconut charcoal previously ground in a mortar and pestle
was dispersed into the Solution B at 0.280 grams. Solutior B {WAEER"
centrifugdrdeTE0misvf forid0 Milneindse A ppper dfiguot Gkt denirifuged
solution wéis:useekin. qoat ihePidzehipk0Bot Sobuians AvandRowere
antted di&@@&hﬁzg&%ﬁéﬁ&&&&p& g\%@;@% REIL #&%%XA@@&Q%@?&% fe? (*)1%;6
astman njca n ng, an jptripsic viscosity of 0.
+-0.02 d |°%§%Q§ 5&@5%?‘?‘%%1?%b?r%%%§%ﬁ? 8 o%?ﬁﬂgﬂlrv)r:}éccmedure. PET
chips'we Pég@S%{%Ea Wﬁéﬁﬁ?ﬁmﬁéﬂ?‘@?ﬁmﬁgﬁvﬂ BdektFm sifg 15
both SolFteFcA AREPSoRiten Bihasuied kipohRETresitwhsaddédio to
- a 4-liter widesnduthclaredibattieowith: biddined glesuadbhe hatianwas
htiattehd t@éﬁ@%ﬁ&%@%ﬁﬁﬂ&@g %«%(?%g %aggé{élﬂgo%t%g&%ié: m&%%ng
into the , e 10 avoid solution contact wi e glass. The
cosing S B 0 BT L by S the
jar with PET i 68 &R ShaivHearyamsides Fhepo e WasHiRketon a
rolling mpkisedEgepye foF LS fimpres toiweilcoatithe RETchipoTie tap
was thernyameweddtom thedplightibetinianddhechotilemasiplaced.in a

vacuum enenRakil Ll e emexe e Naler (O, HeRIessvie).apdset the
coating oﬁlth%P%‘l; cpvip:.?Three ddltﬂonal coatings were made for a total
u

of four coaling, For Solution A, taking o ACESIRITHE" 658 4588 Hted with
coating ditfFe! 35" Fateredsah 2Hpecp e Toetfigwa SmemuredHé0cennsd at a
concentrifion:off:ESw T Hesdaepumroven- dlietPEdonhig iwascdicts
transferresfsenihanbeitle detiednisstionmaldanining diyerangd.gried at
normal copeitiQns, RRIOLIQ, INIESHOR, '?Qsil;glf?c boilewas reyejghed to

determine me -cyclodextrin coating loss. Solution 'B' was coated
in an identicallﬁﬁ}éae‘nn‘%}éW The Lol f’oﬂfﬁm&%%?lél TR 8?%’8ecﬁﬁ{6l'stgﬁ{61rez§’e&éip A
(coated Wit eBHmjsChlh B ekt tresitasmsys 899% control
sample Withsntebeduiien € RppEpowdrevdiddekiFianvacuony peedeate 05C at
<0.1" ligcichipAnaing fettipBiwere-ealB-oepagually.blepded-withhuncoated

PET at &40/l o0 Rl R dgi BT, POONGIRG A.4R0 AR on
methyl :0-&;@{%@3«?%& ngentratlon. Chip B also containing 1.5 ppm
activated’ carpon.yéﬁlps and B in the 1:10 blend with virgin PET, and
ChiﬁSC were injection molded producing dog bones on a single-cavity
injectionzmelding Brachinedor calenanalysisdahle. 4 shows e dnjection
molding arvédking gpekatidiharameterssIhe eslarotdtite tdog bones was
determin@eiy-ASENLD 6 ZI0ERHENIEHA COREEY Sy Rion i Thermal
spectrophotometer,. and repented asthe Hunter Lxacancsiistandatd units

in Table-5.Table. 4_PET!injectit.?iblding parameters. Pak¥ameter

T0.01 141,388 = 53,6

(.10 84,957 72.1

. 1.0 71,705 76.5
Example 5
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Value Extruder Temp. 285C Mold Manifold Temp. 272C Mold Gate Temp.
300C Mold gate Dia. >3 mm Screw Speed 70 rpm Screw ration 20:1
Rack pressure 900 pKa Cavity Fill Time 4 sec. Hold Pressure

WO 2008/103657 PCT/US2608/054281
A 46,7 wie methyl S-cyclodexiviv (degree of substitution 1.0) solution was
preparafd in defonized water by adding 280 gravns of methyl beta oyclodextrin {dried
at 160063 for 16 bre,} to 320 grame deionized water, The 600 grams of methyl 5-
cyclodéxtrin was split into two 300 gram semples - Solution A and B. Solution A
5 comprised a 46.7 wi% methyl beta cyclodextrin aqueous sobution,
Coconyt charcoal praviously ground in a mortar and pestic was dispersed
nto thé Solution B at 0.280 grams, Solution B was then cenirifuged at 750 rvpm for
30 sinttes. An upper aliguot of the cenwrifged solution was used to coat the PET
chip. ‘

10 éBoth Solutions A and B weze coated divectly onto PET chips (Voridian PET
5921W, manufactured by Eastman Chemical of Kingsport, TN) having an intrinsic
viscosity of 0.76 +/- 0.02 d/g and density of 1.2 glem® using the following
procedure.

PET chips were coated with approximately 0.75 wt% S-cyclodextrin using

15 both Solution A and Solution B. About 2.0 kg of PET resin was added to to a 4-lier
wide-mionth tared botile with TRE lined closure, The bottle was heated fo 100°C
prior to-adding 8.35¢ of a cozfing Solution A, by pouring into the center of the bottle
to avoid solution contact with the glass. The coating sohution weight was measured
to within 0.01 gram by placing the jar with PET chip on an analvtical belance. The

20 resin was mixed on & rolling mixer at 30 rpm for 15 minutes to wet coat the PET
chip. The cap was then removed from the upright bottle, and the botile was placed
in & vacuum oven at 115°C to remove the water (0.9” Hg pressure) and set the
caating on the PET chip. Three additional coatings were made for a total of four
coating. For Solution A, taking into account the loss associated with coating on the

25 bottle wall, the PET clip was found to be coated at a concentration of 0.75wi%. The
vacuum oven-dried PET chip was transferred from the bottie to the injection molder
icline dryer and dried at normal conditions prior to injection molding. The bottle
was reweighed to determine methyl S-cyelodextirin coating loss,

Solufion *B’ was coated in an identical mannez. The solution coated and

3¢ dried chip samples Chip A (coated with Solation A), Chip B (coated with Solution
B}, and a conirol sample with no coating, Chip C, were dried in a vacuum oven at
105°C at <0.1” Hg. Chip A and Chip B were each individually blended with
uncoated PET at 4 1:10 ratio of coated PET:virgin PET, preducing & 750 ppm
meiteyl B-oyclodextrin concentration. Clhip B slso containing 1.5 ppm activated
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55,000 pKa Mold Cooling Temp. 48C 10Table olor measurements for
irtjectio olded PET samples. Sample ID Description L ab A 750 ppm
methyl (3-eyelodex 86.3 -0,8819.87 t 750 ppm methyl $- cyclodextrl with
1.5-ppm activated carbon 90.0 1-0.79

WO 2008/103657

10

15

P

PCTAIS2G08/054281

carbon. Chips A and B in the 1:10 blend with virgin PET, and Chip € were

injection molded producing dog bones on a single-cavity injection-molding machine

for color analysis. Table 4 shows the injection melding machine operating

parameftcrs. The color of the dog bones was determined by ASTM T 6290-98 using

a Colorzuﬁye 70004 spectrophotometer, and reporied as the Humer L, aand b

standard vnits in Table 3.

Table 4 PET injectioz molding parameters,

FParameter Value
Exiruder Temp. 285°C
Mold Manifold Temp. 272°C
Mold Gate Temp. 300°C
Mold gate Dia. >3 pun
Screw Speed 70 rom
Screw ration 24:1
Back pressure 900 pKa
Cavity Fill Time 4 sec.
Hold Pregsure 55,000 pEa
Mold Cooling Temp. 48°C

Table 5. Hunter color measurements for injection molded PET sampies,

Sample ID Deseription L a b

A 750 ppm methy] S-cyclodexirin 863 | -0.88 | 9.87

B 730 ppm methyl S-cyclodexmin 0900 | 079 | 3.8%
with 1.5 ppun activated carbon

C Control resin 909 | -0.60 | 118

Table $ shows activated carbon contained in the chip coating significantly

improves all Hunter color measurements, The visibie wavelength scan provided in

Figure 9 shows an improvement with the activated carbon over the entire spectrum

of visible light. Removing the thermal decomposition products produced from the

impurities found methyl f-cyclodextrin during the injection melding process
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Control resin 90.9 -0.60 1.16 Table 5 shows activated carbon
contained in the chip coating significantly improves all Hunter color
measurements. The visible wavelength scan provided in Figure 9 shows
an improvement with the activated carbon over the entire spectrum 15o0f
visible light. Removing the thermal decomposition products produced from
the impurities found methy! (3-cyclodextrin during the injection molding
process W02008/103657PCT/US2008/054281 gniticantly improved
off-BHSHBET and no visible impact visual clarity with theCHBEBeGEEHEH of

small partigherisize, ackivaesCathonreT A dditionall,onvisuakinsagation
of the dog,PORNER.CRIRANRALICIES W £%&%th‘éin$ible to the unaided eye. Nor

were there anyﬁ\éi?sjglblealphg/smal defects, such as 5streaking, bubbles, or
the like, to indicate PhySiCal GelSEs-Eat St e Prasenea g™ ™
processingoe e dr st frte SOrorcieormsxtshle Phsiabfeispetification,
examplestanidnddteipro vide: dkeomiplete descrptitnokihd maayfaettre and
use of thewmpaesition-ofibe iRventions Sineemany embodiments of the
invention can heJRaoeithottdepaning from. he.2eiit. and 193cops of
the mventH_Q, the invention resides in the clalnms_herelnax?‘er appended.
ol 116 manuiacture and use of the composition of the invention, Since many

embodiments of the invention can be made without departing from the spirit and

10 scope of the invention, the invention resides in the claims hereinafier appended.
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CLAIM: A polymer additive composition comprising: (@) a
cyclodextrin, and (b) an effective amount of carbon particles
comprising activated carbon, wherein the cyclodextrin is substantially free
of a compound in the central pore of the cyclodextrin ring. 2.The
composition of claim 1 comprising 0.001 to 1.0 wt% of carbon particles in
the powder. 3.The composition of claim 1 comprising 2 to 40,000 parts by
weight of cyclodextrin per each part by weight of activated carbon

CLpéxicles. 4.A method of making a masterbatch composition comprising
contacting a molten reactive thermoplastic polymer with an additive
mixture, the additive mixture comprising (a) a cyclodextrin and (b)
an éffectivé antpunt addiarkonpadities campiising activated carbon,
wherein th&)cyclqdcge)glr(i)gegsmslgbastgntially free of a compound in the central
pore of the cyclo&e%trln ring, and the reactive thermoplastic polymer
comprises(tireactiveltrolyy empable bfabactingttdde nmadevalert oot
with.the gyclodextrin. 5.The method of claim 4 wherein the contacting is
followed by the steps of: (a) extruding the masterbatch composition to

whegiith tAegaighedssé stis neb () albsitier thiea solymranic strisdehtod ghra ofdber

cycRAMtin rifg) pPassing the strand through a strand cutter to form a pellet or
chip; and (d) drying the pellet or chip.

2. The composition of claim 1 comprising 0.001 to 1.0 wt% of carbon
particles in the powder.

3. The composition of claim 1 comprising 2 to 40,000 parts by weight of

cyclodextrin per each part by weight of activated carbon particles.

4. A method of making a masterbatch composition comprising contacting a
motlten reactive thermopiastic polymer with an additive mixture, the additive mixture
COMprising

(a) a cyclodextrin and
{b) an effective amount of carbon particles comprising activated
carbon,
wherein the cyclodextrin is substantially free of a compound in the central pore of the
cyclodextrin ring, and the reactive thermoplastic polymer comprises a reactive group

capable of reacting to form a covalent bond with the cyclodextrin.

5. The method of claim 4 wherein the contacting is followed by the steps of:
(a) extruding the masterbatch composition to form a polymeric strand;
{b) passing the polymeric strand through a water bath;
(c) passing the strand through a strand cutter to form a peliet or chip;
and

(d) drying the pellet or chip.
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6.A polymer additive composition comprising: (a) a substituted
cyclodextrin compound, and (b) an effective amount of carbon
particles comprising activated carbon, wherein the substituted cyclodextrin
has a degree of substitution of 0.3 to 2.5 and is substantially free of a
compound in the central pore of the cyclodextrin ring. 7.A masterbatch
composition comprising: (a)a thermoplastic polymer: (h)a substituted
cyclodextrin compound in an amount corresponding to 100 to 150,000
part§.by weight wofisubstititedeeysiadexiiompernaagh one million parts of
the composition; and (c)carbon particles comprising activated carbon in an
amount co?erljespo%a}'?wbé%f)gj %f%f)‘éc%gégf%}% DA BY WGt of carbon
particles périeachoagemiliompans of dhécompaditiomheieinathe ated
substityted cyclodextrin has a degree of substitution of 0.3 to 2.5 and is

substantlailly‘free of any compound in the central pore of the cyclodextrin
whelisg Ssphetiicedoivialing i rastedzatel Corhposition o tHe3methband is

subSRRIE TR COPIACHAGR M A B RMOpiRet YV AR Acditve

mixture, said additive mixture comprising: (a)"a substitute
cyclodextrin compound in an amount corresponding to 100 parts by

weight to %%%@mg@&yﬂ\ggggm@g&yﬁ}g@ trin groups per each one

million pans of masterbatch composition, an (b) carbon particles
comprisind®n actiVAEROKHNPBIEERt in an amount corresponding to

0.005 partsoby weightistnaoeypastehynaighibnas aash sre.miliorpansat
the trg%{ﬁrbjé?h 8§mﬁos%t‘i}on, W ergin kt)_hg}e_substituted cy,clodextrin hasa
degie O SubSttliticoh St BY3tg S 5CA SPGB GaistiffHEkPsF ¢ one million
conpeaund tr: thenpentialpane of the cyclodextrin ring. 9.A thermoplastic
polymeric &StiCIe gzg‘g]o%ri;g’aip{g’c:les com(gr);samfgbaegtrpv%?e! Sf:tait?b%gl E{na%rélmoum
corresponding to 0.005 to 5,000 parts by weight of carbon particles per each one
million parts of the composition,
wherein the substituted cyclodextrin has a degree of substitution of 0.3 t0 2.5 and is
substantial?y free of any compound in the central pore of the cyclodextrin ring,

8. A method of making a masterbatch composition, the method comprising
contacting a molten thermoplastic polymer with an additive mixture, said additive
mixture comprising:

(a) a substituted cyclodextrin compound in an amount corresponding
to 100 parts by weight to 150,000 parts by weight of cyclodextrin groups per each
one million parts of masterbatch compaosition, and

(b) carbon particles comprising an activated carbon present in an
amount corresponding to 0.005 parts by weight to 5000 parts by weight per each
one million parts of the masterbatch composition,

wherein the substituted cyclodextrin has a degree of substitution of 0.3 to 2.5 and is

substantially free of any compound in the central pore of the cyelodextrin ring.

G. A thermoplastic polymeric article comprising:



(b) a substituted cyclodextrin compound in an amount corresponding to 10
parts by weight 10 50,000 pails by weight of cyclodextrin groups per each
one million parts by weight of the article: and (c) an effective amount
of carbon particles comprising activated carbon, wherein the substituted
cyclodextrin has a degree of substitution of 0.3 to 2.5 and is substantially
free of any compound in the central pore of the cyclodextrin ring. W.A
method of making a thermoplastic article comprising the steps of
(a)contactiig a thetmaaplasticipelymeaewith an additive composition, the
additive cogy osi'gionbco.rtn r(ijsin%] . %r%a substituted cyclodextrin
and (i ‘B RHELHR AR St EAMBuh ati G A eaibriFs g ding
activatétpesbonyaid (i) for it said-artelehndierein dbersubstiigiesk: each

CyC|8r9|eeg§H]iﬁOQ S, gs%e r%%ﬁ{ M %tit‘u['ggg gf (%).3 to 2.5 and is substantially
free of any compound in the central poré of the cyclodextrin ring. 11.A

masterbaté¢h composifioti comnprisingt carbor{@psither moptasticpolymer

(b) afupgtionalized polymer comprising a cyclodextrin group covalently

bonded to a polymer, in an amount corresponding to 100 to [50,000 parts
Whiggif 1§ S BT YIS dusdere yrou paspeteasresrd Rebstitlisinpal s DftAe and is

subGRMPOSIHAR ANEly comOLACRT BRNPALEIR ROM @E@%@léﬁeﬁﬁ%wﬂﬁg
carbon, in an amount corresponding to 0.005 to 5,000 parts by weight of
carbon particles per each one million parts of the composition, wherein the

cycloglextrin iscsshhstantiatiy ireenefapomponad indhssantainare el the
cyclodextrin ring. 12. The composition of claim 7 wherein the -
thermopla$tic polSPHEIFIEE HEIGHRBES Lo EaFhBmkED 249 Gretrmrsition,
polyatheldidwolykaienigopolysjyiene, a polyacrylate. a polyphenylene
oxide, poly(vinyl gihloride) or co gJqur or hlends thereof. 13. A

method of making a thefmoplastic poient Lrfilfe comprising the

(ii) an effective amount of carbon particles comprising an
activated carbon; and
(b) forming said article.
wherein the substituted cyclodextrin has a degree of substitution of 0.3 to 2.5 and is

substantially free of any compound in the central pore of the cyclodextrin ring,

1N A masterbatch composition comprising:

(a) a thermoplastic polymer;

{(b) a functionalized polymer comprising a cyclodextrin group
covalently bonded to a polymer, in an amount corresponding to 100 to 150,000
parts by weight of cyclodextrin groups per each one million parts of the
composttion; and

(c} a carbon particle comprising an activated carbon, in an amount
corresponding to 0.005 to 5,000 parts by weight of carbon particles per each one
million parts of the composition,

wherein the cyclodextrin is substantially free of a compound in the central pore of the

cyclodextrin ring.



steps of: (a)melt blending a treated thermoplastic polymeric chip or pellet
and an untreated thermoplastic chip or pellet, said treated thermoplastic
polymeric chip or pellet comprising an additive treatment comprising

() a functionalized polymer comprising a cyclodextrin group covalently
bonded to a polymer, the cyclodextrin grafted polymer being present in an
amount of 100 parts by weight to 150.000 parts by weight of per each one
million parts of the treated chip, and (ii) carbon particles comprising

an activatetheashaposiiesaTtcinithe Wianeampe itah0, 005 1,500 parts by

weight per one million parts of the treated chip; and g))forming the article,
POy R LRSS PSR <hBRS REE BRSPS BOMEHE
polthergentral pdreloftieneyclatiextrin ving| vwhereis thecoyelodextrin graups
hefIE Present in an amount of 10 to 50,000 pans by weight per one million
parts by weight of the article and the carbon particles are present in an
amount of 0.001 to 500 parts by weight per million parts of the article.

3. A method of making a thermoplastic polymeric article comprising the
steps of:

(a) melt blending a treated thermoplastic polymeric chip or pellet and
an untreated thermoplastic chip or pellet, said treated thermoplastic polymeric
chip or pellet comprising an additive treatment comprising

(i) a functionalized polymer comprising a cyclodextrin group
covalently bonded to a polymer, the cyclodexirin grafied polymer being
present in an amount of 100 parts by weight to 150,000 parts by weight of
per each one million parts of the treated chip, and

(1) carbon particles comprising an activated carbon, present in
the in an amount of 0.005 to 5000 parts by weight per one miliion parts of
the treated chip:

and
(b) forming the article,
wherein the cyclodexirin groups are substantially free of any compound in the central
pore of the cyclodextrin ring, wherein the cyclodextrin groups are present in an amount
of 10 to 50,000 parts by weight per one milion parts by weight of the article and the
carbon particles are present in an amount of 0.001 to 500 parts by wetght per million

parts of the article.

54



