APPARATUSES, SYSTEMS, AND ASSOCI ATED METHODS FOR FORM NG POROUS MASSES FOR
SMKE FI LTER CROSS REFERENCE TO RELATED APPLI CATI ON 5 [ 0001] The
present applrasizam clains priority to U S, Provisional pPatusea11ApGEs cati on
Serial Nunber 61/393,378 filed on Cctober 15, 2010. BACKGROUND

[0002] The presaplpddyeibeoNsvSYAMES A JRRAGEIAEAS MBMLBFoANd 10

associ ated net hods feg Mm@@mggr;@ggsggm didkenmy T used for snoke
filters. [ 0003] The World Health Organi zation (WHO has set forth

recommendations for the reduction of certain conponents of tobacco snoke.

See: WHO Techni cal Remugs SerceEids ToSReLAhenSoprmtddvomasi s of Tobacco
15 Prgduct Regul ation, World Health Organi zation (2008). Therein, the WHO
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Tabl e 3. 10, page 112. In view of new international recommendations related
to tobacco product 20 regul ati onBACICERCEISNR need for new tobacco snoke

filters and materials used to nmake tobacco snoke filters that are able to
nmeet these reglP&CiRénghe presenf O0@A]ticThesdizw e egpistrancesofsyseher 8mbki ng

articles, £t e)‘Ei' &%Eﬁ%{]ﬂ%ef%’r gdréd {ﬁ% L%e&%%[?%s!“ﬁ{‘ét i%fc‘%tt%} B%ma%r smoke

character| stic € cigare are experien y a Smoker One
measur e offildraw characteristics |s t he 25encapsul ated pressure dr op As

used herein, gﬁgb?;;]mfh@m%%?ﬂd' aH@Q!tiPr%@%EEa 5;‘?p"(vﬂ‘%o'}' ERQ; relerg, o the

static pressur erence between a speci nmen when It is
t raver sed rgyemmesidetienoipru bitke rededigay ot oadin mpmﬁbtﬁe’cmpmmk@ flow
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15 Product Regulation, World Health Organization (2008). Therein, the WHO
recommends that certain components, such as acetaldehyde, acrolein, benzens,
benzoapyrene, 1,3-butadiene, and formaldehyde, among cothers, be reduced to a
level below 125% of the median values of the data set. Ibid., Table 3.10, page
112, In view of new international recommendations related to tobacco product
20 regulation, there is a need for new tobacco smoke filters and materials used to
make tobacce smoke filters that are able to meet these regulations.
(00847 The draw resistance of other smoking articles, e.g., cigarattes, is
a major determinant of the draw characteristic{s} of the cigarette which are
experienced by a smoker. One measure of draw characteristics is the
25  encapsulated pressure drop.  As used herein, the term “encapsulated pressure
drop” or “EPD" refers to the static pressure differaence between the two ends of &
specimen when it is traversed by an air flow under steady conditions when the
volumetric flow is 17.5 mi/fsec at the ocutpul end and when the specimen is
completely encapsulated in a measuring device s0 that no air can pass through
30 the wrapping. EPD  has been measured herein under the CORESTA
(“Cooperation Centre for Scientific  Research Relative o Tobacco™)
Recommended Method No. 41, dated June 2007, Higher EPD values transiate to
the smoker having to draw on a smoking device with greater force.
(080581 Increasingly, governmental regulstions require higher filtration

35  efficacies in removing harmful compoenants from tobacce smoke. By way of



30 the wapping. EPD has been neasured herein under the CORESTA

(" Cooperation Centre for Scientific Research Relative to Tobacco")
Reconmendwo 2Metdsosd8No, 41, dated June 2007. Hi gher EPD walrmsgo1ti/056388 ate t o
t he snmoker having to draw on a snoking device with greater force.
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efficacies in renobvi ng har nf corrponent s fromtobacco snoke. of
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conponent s,;t§46he a%@ﬁﬁhﬁéi@ﬁﬂﬁgeanﬁ%%tﬁb& HReRaehel Penseamifng s, 3-
but adi ene, and f or mal dehyd anong others, be reduced to a | evel bel ow 125%

of the ned éﬁe\%%@%V%itje% ﬁé%%?ﬁtdsﬁ [0006] Wth present cellul ose

acetate, highefobbblr atitonrafht caghigs: saizhe Aghiaveduby FORIRE Wt ke
i ncreasing concentrations of particles |ike activated carbon. However

i ncr easi nGPETERCHY d%oé”%ﬁ“(f@ht‘?%{??%ﬁg | SOOFRAEREOTHET ERT ¢ Rer KBy 3G @Rl ng

di fferent gegyw chai@eder) Shtr@@mfw@r pSFRkens. INQeetQren increasebealinokmyi es
with higher filtration efficacies vvlth m ni mal effect on EPD woul d be 100f

val ue. SUNRREPYOr 'SiHIES NVEREREND@Y  ChaGERT IS The 'Br SEEIEFnvenEFEHFel at es
AROriBS506 | i€l iRl RO GSnfred! FFedusigrd RALRUS: Masses

to appar atté@!ﬁﬁaioﬁﬁ&ﬂ»@dﬁﬁﬁha%
that may be used for e filters, 15[0008] In sone enbodi ments, the
prese i R eRtH%n provi des a system conprising: a material path; a nold

cavity di sposed al ong the nei;pr ek yet THminveRstoane hopper operably
on of the nold, cavity

connected to t ath bhef ore at a_port

Snd capabl e of LPABRIng"E RERF RS ERAGIeEE e ARCEPTarspar HETS nas
source in dshefigrk eemmdli Latgrotumhd Roddud easteatddir®by 22 upar tdrogmete t he
mat eri al %th and a cutter disposed along the material path after the
first port ii?ﬁ of the material path. [ 0009] In sone enbodi nents, the
presents i nvent |{00@B[§O\In¢emeaemabﬁmbm@nmd SieBgnt meﬁtamu@ttsdityesj atsyeguci ng a

of 1 he molG HRGTY: SHBAT G PAR 1 HEl K08 aRe Rt TbRE e RREN T o N B  al o
as to bi ndea«hec)mﬁatmmerratperamtf c&ﬁ‘mactpbut’(ﬂltiné yrgferiab pldc tbef@iantis iédﬂ@raeby
form ng 2 DOOUS,ATASS LSRG e, 0 CUbLARToH RERR O MBS B0 ey 8l 21 1Y
material path; a heat source in thermal communication with at least a first
20 portion of the material path; and a cutter disposed along the material path after
the first portion of the material path.
(08081 In some embodiments, the present invention provides a method
comprising:  continuously introducing & matrix material into a mold cavity;
disposing a2 release wrapper as a liner of the mold cavity; heating at least a
25  portion of the matrix material s¢ as to bind the matrix material at a plurality of
contact peints thereby forming a porous mass length; and cutting the porous
mass length radially thereby vielding a porous mass.
FO0L0T] In some embodiments, the present invention provides a method
comprising:  continuously introducing & matrix material into a mold cavity;
30 heating at least a portion of the matrix material s¢ as to bind the matrix material
at a plurality of contact points thereby forming a porous mass length; and
extruding the porous mass length through a die.
(88111 In some embodiments, the present invention provides a system
comprising: a mold cavity comprising at least two mold cavity parts, the mold

35 cavity having a longitudinal axis; a first conveyer comprising & first mold cavity



[0010] In sone enbodi nents, the present invention provides a nethod
conprising: continuously introducing a matrix material into a nold cavity;
30 heati nyoav1dsasB8 a portion of the matrix material soPa%/useoihioncsss he
matrix material at a plurality of contact points thereby form ng a porous

nass | engtdye.ande @ dhivagedt Hﬁnﬁ@és%% %%ﬁd|r§<ﬁlatcﬁvk{2rp%‘r't9mwerg!nethe first
[0011] In some enmbodi ments, e present invention provides a system

conpri si ngeNHEYRY 8¢ HRFEH é‘SﬁYﬁﬁfi%lﬁfﬁ arerpRstaRaRle PbIMINeHd t99Part 8he t he

mol d 35caviy nhayicBgie@ phANghd wed @@wﬁ% hid @adity %Ertc&nﬁéi?bf"ﬁfhéﬁm iglng a
first nold cavity part; a second conveyer conprisi nP a second nold cavity

part, Wher SR Ng £ Eewvagier cavity 5o Coh e B 6PEPaBRY Bababl e

of bringi n@ntiegelidhelshidde d hbsbe@—nGaNi LY paf ba@ﬁﬁ#ytfhﬂwﬁﬁﬂﬁé)ﬂﬂ)i@@h@t@aw ty
part to formthe nold caV|ty and separating the first cavity part from

the second"Roldd VKGR PRC & SeebiPiitGolis 'TAER CRMAUBEHHET Edpabl e of

at | east pasdiizafitey pbiddd SOHehQo A it¢ a%l dayroWrk R Bk atAReS k] ined a
heat source in thermal comunication with at |least a first portion of the

mol d cavi tYPYEHad" ¥ transformthe matrix material into a porous nass.

[0012] In somejephedi NBRbSe éMEoPFRSRAT tHeMEBAAORVRKIH feFidsBihorod 0
conprising: introducing a matrix material into a pluralli t%/d[of nol d

cavi tildls; QHPTHER | REOHHE Het FI3L Heb @Rl TR & H&‘rﬁ‘éﬂydﬁ Feetisy &l t o

bind the rFﬁJalt;h)g tﬁ@h@zﬁt’r@m@ﬁer@i Pl theakbldycRitiaont cto PoLNhe rhherebywdeIm ng a
porous nas The f eat T1['Oes and advant agses of the present

013
i nvention %% PlUFRity 85697 VC%%%QY%WF‘"? hodd SEPIPEd"Frrt he art upon a

readi ng of thegd@mgl phbomd@jrei%ﬁdﬂ@dwr&fﬁgéd@ﬂ tﬁ@b&@i&@ﬁntrﬁfehh@;ﬁ Jial bows.
BRI EF DESCRI PTI ON The f ol ures_are

4
Pncl uded (651 GEPTEPE At FIOUShELEE Bt YHE prEsdRe TrEnsHE Snd" shoul d
not besvi ehedraRrecdhstd e arod: MBitw. The subject matter di sclosed is

capabl e of con5|derable r equi val ents in
form and function, v@#rf&! @géﬁﬁi%%ﬁ?&ég %é%&ﬁ‘&ﬁgﬁ% art and having the
benefit of thi iﬁdﬁ.&(}l Oﬁarfeiiawmg ﬁgu[r@:ﬂliﬁr] irflgiaries ildetBatiel devistir at@ects of
nonlimti qggexa

t L Of | O% J ROLous, Masses agc%gﬁi n eto t he
resent | MG FOR (Rt inge daaarpr ) acs ecras? S RuTRr TS bn B
illust rat esubgrtk inmattémgisexaaplesamibls ys temiddrable modification, alteration, and

20 equivalents in form and function, as will occur to those skilled in the art and
having the benefit of this disclosure,

[08LE5] Figures 1A-B illustrate nonlimiting examples of systems for
forming porous masses according to the present invention {not necessarily to
scale).

25 [0GE8] Figures Z2A-B illustrate nonlimiting examples of systems for
forming porous masses according to the present invention {not necessarily to
scale).

FO0L7] Figure 3 illustrates a nonlimiting example of a system for
forming porous masses according to the present invention {not necessarily to

30 scale).

(00187 Figure 4 illustrates a nonlimiting example of a system for
forming porous masses according to the present invention {not necessarily to

scale).



form ng porous masses according to the present invention (not necessarily

to scale). [0017] Figure 3 illustrates a nonlirniting exanple of a
syst em f owof2orzmsmgyspor ous rmasses according to the preserCTiuse@nisEas ( not
necessarily to 30 scale). [0018] Figure 4 illustrates a nonlimting

exanpl e of a sxgb@@;f%&@rm ﬁﬂs@@f&u% 'ﬁ%ﬁﬁaﬁﬁ:sr%c%%ﬁ“lg@ 410 at ResRFESBAL
i nvention (not necessarily to scale). ure 5 illustrates a

nonl i r ni t iR ERaRYICES oRaFEE N Pod sast "ﬁa%%“é@niab'b’éiﬂ%lf”ﬁdnﬂb W@ﬁ%%ﬁfiéfsé‘ht
invention 4-pRY scale). [0020] Figure 6 illustrates a nonlimting

exanple of form n% orous masses according to the present invention (not
scal e). 186 ?E EiaR e© 7HUFIraSsr &t 8€PATHEW iAMAhPleRafipF & b of or ni ng

pOr ous sMBSEASiINACEMEE NGatRst HRoPIES aBt tHeNYRAEHMOMERAbA S68 SlcedBHA0Z2]
Figure 8 ill ustrates a nonlimting exanple of form ng porous masses

accor di ng ¥8'%he present invention not scale). [0023] Figure 9

illustrates a mpopbhnnistdurg examirgt@f af @6maﬂaqsr%ore&@mga@&%e§ agsendimg to
the present invention (not 15 scale). ure 10 illustrates a

nonl i ni ti Mg BRENPPEUSFMETIET %Fé%%‘r*%&@ Wﬁs%%’f‘%éc&’b’ﬁ“m‘ﬁ@ (P8t tRECTTPES
invention {BRY scale). [0025] Figure li illustrates a nonlimting

exanpl e of a system. far 20fornn rous nmpsses accordi ng!: to the resent
i nventi®n (not ﬁ@@@és&f%‘? goiiiéaé%p%s a nonlimiting example a system for

forming porous masses according to the present invention {not necessarily to
scale).

00231 Figure 9 illustrates a nonlimiting example of a system for
forming porous masses according to the present invention {nof necessarily to

15 scale).

[0824] Figure 10 Hlustrates a nonlimiting example of a system for
forming porous masses according to the present invention {not necessarily to
scale).

FOG25] Figure 11 illustrates a nonlimiting example of a system for

20 forming porous masses according to the present invention {not necessarily to
scale).
DETAILED DESCRIPTION

862687 The present invention relates to apparatuses, systems, and

associated methods for producing porous masses that may be used for smoke
25 filters,

[QG277 The present invention provides methods and apparatuses
{and/or systems) for producing porous masses that can be used in smoking
device filters with increased filtration efficacy of smoke stream components and
with acceptable draw characteristics. Further, the methods and apparatuses

30 provided herein for producing porous masses provide continuous and batch
processing capabilities. The porous masses produced have diameters similar to
that of current smoking device filters, and therefore, may aliow for
straightforward integration with present smoking device filter production
apparatuses, methods, and products.  As used herein, the term “smoking

35 device” refers to articles or devices inciuding, but not limited to, cigareties,



DETAI LED DESCRI PTI ON [ 0026] The present invention relates to
appar at uses, systens, and associ ated nethods for produci ng porous nasses

t hat may we 20edd1§46r snoke 25filters, [ 0027] The pCedsnt11i0n6s8st i on
provi des net hods and apparatuses (and/or systens) for producing porous
masses thag &@ﬁe%i&@%?c!q@@@&ém%iggs‘@, q#pésa l{RES pWdsh HoBRERASEEtFdid ration
efficacy of snoke stream conponents and accept abl e draw

char act er i %$7§¢83 dEFehepl- Y@Hé“%f@t%%@?“&ﬁda%ﬁjﬁérf@@ﬂ%es 30 provided herein

for producing @@@Q@ @%?a%@a?iypbgéﬁﬁeﬁ%ﬁéé PRAH S oA sRak ChyyPAIRE BsYS hitGer
capabilities. orous nmasses produced have dianeters simlar to that of

current srsRiFES @é‘%%é’“frﬁiﬁtt‘r’e?fsﬁﬁéﬂ"f“dp%rﬁ@ieéfV(’??éhd%%ﬁ‘g}wa@qiﬁ\ﬁ giop plurality of

strai ght f oowedcd dofdigoraald et BoRfLaRNtbSaRKieNG den! Keddd ddrREctPFagct i on
appar at uses, met hods, and products., As used herein, the term "snoking

35devi ce” TeIFINEE SHIPE RNty 2BRATGEEVE RETHHRAE Vo BR iR qult?ﬁtt%”tt%

Clgarette$¥,uﬁkﬂﬁé@%ﬁ&h@Qbﬂ%ESnuﬁhgﬁkﬁib&kﬂaﬁnﬁﬁhﬂﬂtﬁhzﬂﬁﬂﬁ% Wﬁh@kﬁplpes
hookahs, el ectyoni c snoking devices ol | -your-own cigarettes,

and/ o
cigars. bondT gedsiheciiner ‘éﬁfﬁ‘r Dot dlhé’%ﬁ%@@“%&?“c&}?ﬁir felgs vt Lﬁaé‘i“?if‘ﬁ/ of

bi nder partbggﬂh@s am@tr@n%%ahdié el b@Gigiey er PRKMIC leseimeh ani g2l bohdweynd at
a plurality of contact points. Said contact points may be acti ve

parti ci’e- ﬁ?ﬂ"é‘rai coned@ Cﬁblbﬁf‘gmnge?r B3 Ept ¢ E‘éﬁ:ﬁ“ﬁ%‘ﬁi‘ﬂ PONGiRg ortt act i ve

partl cle- mbmtﬁb@@hbmt@acmﬁ@a@tu@@l mir@m /c\m &Jér@xﬁis h@fiﬁti@” ahbe‘ptaa:m‘rma
"mechani cal bond,"' nechanlcall bonde

ﬁ E){SI cal nd %fnd t he |I i ke
refer to d"Bhy<§ caiede GRRECENERR Y hath ‘I“Hié‘d?wﬁ lﬁ“rct"t’rbl p?%g fegtenals,
Mechani calmiagmg sperel Bhgicd rutdd, %bbﬂa@tgd@p%@dm@i%c&/be ohonrd] agcdd

mat eri al | han | bondi nay . ofr not_ i nvol ve chem cal bondi ng.
shoul d be BT CIGat e DR E BT (5 or FY SO 1 F e b2 At O
" partiicul a’eadonﬂsa,ysb@p&se@dhnwrtﬁ@@nggabifycraﬂ@bd redigtlerarbledk AR shapes of

material s, i ncl u heri cal r ovular bstantially spherical
ondsor oniitaPe o SO Bnaroe i B b ee N S ks D o
fibrous, poahygenak dsuaheds eubiiich, cokpendiandoptiyvaisdrapedr/(such 1 asi32he, shape

o oChusheb0Kshy ASSLES, EEHEAT LB AR Rl S RaT o BTy Ly o

co- pendi ng:rapp liscatst orRsofRETLL 62 0L L4 3264in RGH&S204.1/ 043268,

PCT/ U%Oll/ 043§§§ 31 3hPCT/ us201 4043270 the entire dlsc} gsur e whi
are i el uded héPERR Fe?rgf%sﬁc% SOl D P OB ST T BRY BFUEEr 9RT “6’ 8'6? ous
masses maybsrboedstde m@hbdgu@uﬁ:hprpﬁ@:@ssmggnmemdmdsm babel psaeesskigitet hods,
or hybrl d contl nuous {l’}) tdch proces (J ng e tAs used herein, " o,nt'%,nuous
pr OCESSI ndﬁ) E?é?fs 8 TO0S 5 Uuse Pr@in mn INUOUS  procassing reraers o

manufacturing or producing materials without interruption. Material flow may be

ch

continuous, indexed, or combinations of both. As used herein, “batch
25 processing” refers to manufacturing or producing materials as & single
component or group of components at individual stations before the singls
component or group proceads to the next station. As used herein, “continuous-
batch processing” refers to a hybrid of the two where some processes, or series
of processes, occur continuously and others occur by batch,
30 FO0307 Generally porous masses may be formed from matrix materials.

EH

As used herein, the term "matrix material” refers to the precursors, e.g., binder
particles and active particles, used to form porous masses. In some
ambodiments, the matrix material may comprise, consist of, or consist
assentially of binder particles and active particles. In some embodiments, the

35 matrix material may comprise binder particles, active particies, and additives.



manuf acturing or producing materials without interruption. Material flow
may be conti nuous, indexed, or conbinations of both. As used herein, "batch
25pr ocesswogoiwesiass to manufacturing or produci ng nat ePCARITS2@3/056388 ngl e
conponent or group of conponents at individual stations before the single

corrponent i GHiAHE RERGRadss %LQtaIbrEe bRt p%?@éié@rhct@% H3edehes®l Baditives
"conti nuous-batch processing” refers to a hybrid of the two where sone

processes,rBPIQEAPeSIBF MpibTéissiesueoccur continuously and others occur by

batch. 30[ 0030]{@@9@? %F%rﬁoé&%s r?ﬁ§s§5%§ aﬁ@ygbﬁerfaﬁf rﬁ%iucfif 2ULe d Matrix
materials. As used herein, the term"matrix naterial"” refers To the

pr ecur sor Smai@r@i mtgmaﬁp%@pq R4eaniaAty AePive PdrTic e8tiqiseltomesim

pOr ous sNMBSESGrial Br § PNBaBLIdcReN: Soidtbe matrix material may conpri se,
consi st of, or consist essentially of bi nder particles and active

particles. In $8RE2énbEaTIEnEsTM e BBIRAEH iRt E1aR8 MYy YEREY PsBIH nder

particl es,caaali ven pﬁfrﬁé CdrBBodiAR@taddi fbkezavONhbM #d Y seies of o
sui t abl e bi nder partl cles, active particles, and additives are provi ded

later in tRIERATSE] HeGIcerieces, eithf‘OO\Bti’j OW:WHWHB‘“B%FGH§ PaESe s PiySyetitral |y

i ncl ude fofomgmdoiRbsdty, FRhSH @itk Hhey BeshapRicandidreshanbsaald kyadongi ng at
| east a portion of the matri x materlal at a Iurallm% of contact points.

[ 00321 UFordfF R PRI IR 87 A ht8Ne SEHARETREY DEFELRPHDT a‘?ﬁty. I n
some errbOd:iraa@msmgatH@Imtwmé &35 1By @ﬂ&é%ﬁeb@tﬁ%d%u&k@m | ection of

si ngl e pi eces, ﬁ@ rwth or wthout end caps, %éates or g a . In sone
embodi nents, alBBRdIcAVTP RYESIBVE B GBS \?F‘?E/S cwREg, fHen 10
assenbl ed fcar mreale, Gavifay, &iuﬂsﬁﬂﬁ“@ii@”@&djiﬁ?nbﬁuidﬂﬁhgb&ahﬂaém paftE, my be
brought to ther{/v\t &\h t he assi stance of convegors belts t he Ilke

[0033] A ‘6906‘5 n&ﬂiaﬂ%‘fﬁ@r'aﬁiﬁ“é?@osé‘@éew ﬁalpe@ﬁ%p&@airna dlsﬁg,o’but not
limtead tmoi;egdr@ulvafh résHiRtianddal |a5thtHeCuk@,I’@r aviul |srids thetamnt lzalsloyn@vul ar,
pol ygonal %&jl Iﬁﬁdg ul ar, guare %ct angul ar, nt an al, and so on), 15
pol ygonal Sii'% ?"86] ‘izie ré’&@e%‘a Sd "tie PPVReT SPSHRYF B i WHSOERT sonme
ﬁmloodi rrentmsesg@fmags mm,«sisseschga\yedﬂayeﬁa:hm@@,s@rsa&; b@i&&ﬁu&hi@iﬁ&w@@@ﬁbl r(lesg.ﬂgd
ol es, e cnl eve cnl . ni or an t he I1ta e netho
AR L G e st W T R e e (R B
por ogs W&gﬁa%ﬁ?ﬁyba}égp@m&E@h&;ﬁ&hﬁorshlamﬁarﬁﬁb E‘J?E@%rga’r eirieetHaoliderapradpicpat t hat )
IS adapted t.a t thin, the ci rette hol der or 1.0 snokKe
osoadd Chrbdarnt e e Sl Wb Q8h Sling o ke Frs RS i et o n
por ous ness Mrecbrrsuam'rt hwiespaztudsng the adape cmiad pehpld ﬁgasde\/aree@ fuitit er,

t er,ns. of or ci r where| n

Lhe ol e e T LAl s B2t 2P Shod i PR F ot he

cyl i nder. tButisich dembedt nentrsumdiereca (wherein the circumference is the perimeter

of a circle) of the cross-section of the cylinder. But in embodiments where a

25  porous mass of the present invention is in a shape other than a true cylinder, it

should be understood that the term “circumference” is used to mean the
perimeater of any shaped cross-section, including a circular cross-section,

(08347 Generally, mold cavities may have a longitudinal direction and a

radial direction perpendicular to the longitudinal direction, e.g., a cvlindrical

30 shape. One skilled in the art should understand how o transiate the

embodiments presented herein to mold cavities without defined longitudinal and

radial direction, e.g., spheres and cubes, where applicable. In some

embodiments, a mold cavity may have & cross-sectional shape that changes

along the longitudinal direction, e.g., 8 conical shape, a shape that transitions

35  from square to circular, or a spiral.



25 porous mass of the present invention is in a shape other than a true
cylinder, it should be understood that the term"circunference" is used to
mean t he woernmatses48of any shaped cross-section, includi RGTASCIINOM3ES

cross-section, [0034] Cenerally, nold cavities may have a
| ongi t udi nal di [688EH 0N affh @ JrsH cihe B! Qﬁbi’doé‘m@@éé@%ﬂlﬂl gHlarg Ec@wg‘it‘&@mai
| ongi t udi nal d| rection, e.g., a cyli ndri cal 30 shape. One skil t he

art shoul FXfARYEE FHUOBHWE §5t 7 SRY] Stk PR @?ﬁ@@&%@@ﬂ@%@éiﬁwuﬁéﬁa& nto
ol d cavi tdes whtdipwd uﬂ%ddﬂﬂ@nﬂso%é&s%dhﬁﬁ@érsaiﬂﬂﬂ%%b@akmgr%@et beMRicuBirGd

spheres and cubes, where applicable. In some enbodi nents, a nold caV|ty may
have a cro¥4s geatmofaiaven nohRccetiye SYatrvng’ f‘ﬁ%iimﬁmﬁl %’fﬁﬂ‘i‘!ﬁﬁl F@ifection,

e.g., & CONkKAls M@awg SPORA BRndiflANE) kk@NSoRPh080 8 i@k @ 1800 circul ar,
or a spiral. In sone enbodi nents, nold cavities may have a

| ongi t udi nal aﬁp?3ﬁ§vﬁﬂg‘50§?‘? SpEndigeas, 4pidr S3ViideRd YD NAVS éc SHE I EAIaA ong
sai d | ongigwudhaahg axiis: elna &one s,@amdbﬁ@mcmg SR NG TRERS i23ls Wreﬂ@%ﬁ al ong

the longitudinal axis of nol d cavity during proceSS| ng. By wa

rionlirni tiFFRy ERaFH B, C‘Pir‘?jiur]é‘ AR SN HHR S £91C t%}Q?ﬁ‘EﬂO‘“W fsYabq BWW%dl nal
axi s al ongssmlegnigal path 110. [0036] In sonme enbodi nents, nold
cavities may have a_longitudinal axis having a first end and a second end

al ong ¥ai d 1 ondPRIdilndl' 3808 SARRETRNEY “I”é%(équa&rf@mé’nﬂd‘f‘ge%I%%‘éc?e ‘e ome

enbodi mentgith sair@iGk es@driengriByo bectaprbl BodingPen B@ne 10h8OBdentd) s0NME
enbodi nents, individual nold cavit es ma be filled with a matrix materi al

prior to médHANTEY BYREITY Denus AHRERY SPrOFUSE mpreuhdleeseaviY y may

be used t qoe@RLbNMIOUBhYsIRY oelmax pamgﬁasmﬁéaﬁhﬁmg&onisfmoutaiaympaammgg
matri x nmateri al th rethr ou _before and/or duri ng2 msg{panl cal bondi ngd
b49) dp

some enbod'fEHA! DE?W& e hBP e U TR 1FeSi0E ; £ bt BEYCRE 4
i ndi vgguagfmb@u& erﬂsmmlldnasp@@ugrm@ﬁh Wﬁg%SmeS@hlﬂo&h’l(wakﬁ 0 @m%ﬁéﬁrtg}'d Irmty be
reused and/ or. contipuous reused to . produce a alit I ndiyl au
borous maady A3y BEDGEY "FES b RS enia MMttt ebTly BE a
| east par tihgilIdyal p@@dsmésﬁkew appers and/or coated with rel ease agents. In
sone enbodi nen %g appers be |nd| vi dual . wrappers, es of
aper .1 sons [RGB HRnEEe srEBHUPe Y U SRRy P RbUR i BEHETC.
e.g., a 5Qirkt wioh lwrabppaperd/of ORI} Ivﬂwsma@h@@ﬁmenhssmm@ledwmaméms may
be |i ri%d th nore .
wrappers may be individual wrappers, e.g., pieces of paper. In some
embodiments, wrappers may be spoolable-length wrappers, e.¢g., a 50 ft roll of
paper.
(08387 In some embodiments, moild cavities may be lined with more
than one wrapper. In some embodiments, forming porous masses may indude
25  lining a mold cavity{s) with a wrapper(s}). In some embodiments, forming
porous masses may include wrapping the matrix material with wrappers so that
the wrapper becomes the mold cavity. In such embodiments, the wrapper may
be preformed as a mold cavity, formed as a mold cavity in the presence of the
matrix material, or wrapped arcund matrix material that is in a preformead shape
30 {e.g., with the aid of a tackifier}). In some embodiments, wrappers may be
continuously fed through a mold cavity., Wrappers may be capable of holding
the porous mass in g shape, capabie of releasing the porous masses from the
mold cavities, capable of assisting in passing matrix material through the mold
cavity, capable of protecting the porous mass during handling or shipment, or

35  any combination thereof,



t han one wapper. In sonme enbodi nents, form ng porous nmasses nmay include 25
lining a nold cavity(s) with a wapper(s). In sone enbodi nents, form ng

por ous neweesizmys48ncl ude wapping the matrix materi al WCTHSMIAPHSBE SO
that the w apper becones the nold cavity. In such enbodi nents, the w apper

may be prefor ”@@Q@%_}aWﬁgiecﬁs\/éé%rsfrﬁéﬁﬁﬁd%e ap o ld: %vnwteﬁnt@t he:juresence
of the matrix material, or wapped around matrix material that is in a

pr ef or ned {§Hap&csd- Qaéea PADRIY HPARES &PHABT NG Packi X iP8PYS. PRPEEmRIeduced

enbodi Mentss,mWsARP §{=8u B Y08, ERRGd MUaKS| tinteshdiRboUahets, ngi&;a@wh;w g
W appers may be capabl e of holding the porous mass in a sha capabl e of

rel easi ng R¥é&por 6@§”ﬁ%€%s@pﬁfﬁm tﬂ#é“ﬁﬁﬁ’l d (8&vi tlf@§““é‘§5§ablpé?g’6‘ﬁeréssi %ing in

passi ng nvgsdwzzewaaa@srdea{ A oymﬁfelpemrm dozvd b¥pesanabler efasbrot @stdag the
por ous nmass duri ing or shipnment, or 35any conbi nati on t hereof .

[ 0040] Suift'&st ea%g&iﬂ%e%e 21024 ?Wcl%&@““%ﬁ” ﬁBF‘E’é’é | il Feder 6TRIAHBRES(e. g. |

wood- basedm%%é‘fssmaﬂﬁ%%a%e@%aﬁém@ R ddea srididng Bapes ﬁitezl%aper s produced
from ot her nat uraI or syntheti i bers, functionali ze papers, speci al

mar ki ng paper s L988itdr |Iﬁé’8”i5‘a%@if)§§“m‘?ﬂ%s% MEEPRY ey i AISRAL B polGfer s

I1ke pol ytigt radif uer Q@é’aﬁ)’lrﬁrﬂsﬁamﬁi;ﬂnhgoﬁedam%d' BBapeC Oatre dofRP efrhodiaated
pl astics, coated filnms, and the |i or any conbi nation thereof. I n sone

enbodliﬁient@ecgwnéf'&f)et?@ t‘fﬁ?y %he hﬁaﬁ@%x ra*f%fbﬂiemﬁiﬁrdia%em?hhwliyna Welite

filters, matrix 304 tbnireorea@Ehodhioehsy afeWBaDERS nBBY fbe adheiednde. 9.,
glued) to itself toﬁg sist in maintaining a desired shape. In sone
embodi nent¥3PEB" HetHHhi cal bonding of the matrix material nmay al so

nechani cal |y bifpgdsthe si@tbieX @SS | Rento rhah},e wa:m@ﬁnmhm&m@am@mdsew ate
the need fqr ad erlqr%the vvrg\ggﬁr to itsel % 240@ Suitabl e release
agents may’WEE 29 tea gaHbe %P”HH%P‘E&““WW Feks a%g%%‘i"&s Rdhl i m
ting examheasdofoighem-egaded %bmasag&mas JmYyeddohd)Chowley @b!us;m@ukmbased

sol utions and/ or susg QSI on? %’f? o uti ons and/ or Sdu;[) |ons coati ngs
bonded t o THECHBIE: sIFHEE, PIREFT e | p%m@ Hhy Eorfbl K§:h 8F B
Nonlimti r@nﬂ%%&drﬁ&h@feophysabaadmmj @aampage@t Spm;ay:al rteiuagl@ RRPES Snay

pl asti cs, E gny conb r]atl on t her eof h%/_ g ?l gﬁse aP qts whi ch may be
referred tBCa PEPEGs P R P &F SNV eyt RSt ed SiSIFFT &7'2E% 2B Spper s
as descri bagchen®} pe re&arred E@@43bie®a@@vrﬁpp@§&d nhal Deamgheshe®ed similar to

Cross- %ectlonal shag vvlD h he nmold cavity, the matrix material may be
mecharfical 1 \PBE T 35 b“'ljuf'éef?‘ty of contact points. Mechanical bondi ng may
occur duri ng a@dba@}aﬁ:tn@é fbheedmttr@l X destef l:ﬁdss@&cin@watihseaﬂ@hﬂticaw trnid
Mechani cal nd rr}rgg " eved%wl t h, heat

[ 0044] FosP R v SR T
conbi nat i q:rm;ttlaerm@hanldeabcmrgngmyay amlr\de;rmgea'nmbs sioerr desmitrdd odicargg! ibut  not
external 1B Rorid dobhtn « yechranh PRANE Phart Spaickes SBeditgard ¥ i at i on
from 25 pressure,
[GG44] Heat may be radiant heat, conductive heat, convective heat, or
any combination thereof. Heating may invoive thermal scurces including, but
not limited to, heated fuids internal to the mold cavity, heated fluids external o
the mold cavity, steam, heated inert gases, secondary radiation from
30  nanoparticles, ovens, furnaces, flames, thermoelectric materials, ultrasonics,
and the like, or any combination thereof. By way of nonlimiting example,
heating may involve a convection oven.  Another nonlimiting example may
involve passing heated air, nitrogen, or other gas through the matrix material
while in the mold cavity. In some embodiments, heated inert gases may be

35  used to mitigate any unwanted oxidation of active particles and/or additives.



30 nanoparticles, ovens, furnaces, flanes, thernoelectric materials,

ul trasonics, and the |like, or any conbination thereof. By way of

nonl i m tiwQ 2exzspd4@, heating may involve a convecti on oPEM/US2MAIBHESSS
nonlimting exanple nay involve passing heated air, nitrogen, or other gas

through t he,JyRed hesnmtn%glééarmyrﬁd § Pl FRIE SVt Ynadd) oS ORB HRIERREEENT S,
heated inert gases ma 35used to mtlgate any unwant ed oxi dati on of

active partpeErey %W%rthédmﬁglf\?ég‘! heaffot %ﬁf@“ﬁiém ARy reRaAPIWATEYET nvol ve

mol d cavi tihes grdenaled her n@@éag&h@ ':?ar%%%?dh%‘ i etdaa@ﬁa@%efrgl @GRt Y
heats. Secondary radi ation from nanogartl cles rnatgDd e achieved b
[

y
i rradi ati ¥ nafiopart iyPesWYEh WM etk oagifetipttr Huilighhomicrawgves, g r ays,

X-rays;s Wydi@htanatbsiibh® faitthtwadeR | 1@ twayi§r aw@w&mgr adh@phk, WaResx
and/or long radio waves. By way of nonlimting exanple, matrix naterial may

conpri se CHFHR MRAB %EE”%%aftarV\%n”ffW’é%ﬁsattEﬁt VW?‘?F riﬁéﬁ@t?q etjiienBf haves

emt heat .rdn@nskilied é;ﬁh;tt Rea@r t@néMs'kmeEha% E}Qﬂ%ﬁd twioh thBi SerdirSclfogii e,
shoul d understand that different wavel engths of el ectromagnetic radiation

penet r at e W& d $MPYIdHPREFET B H’éﬁe‘ ‘”‘Fﬁbr‘*’@"@r‘%"gt%éﬁ %ﬁfsﬂ%iﬂaﬁaeii@

nanopart i Ghestbarpdieodistrhorrafs seeandany depdisat rasrphe, S dremishgler the
nol d cavity configuration and cqonposition, the matrjx nat erj al corrp05| tion,

the nanopdFPEPI“HE REVEIERGIN bé‘?oréiaébf?%ﬁﬁ%éf‘? ENPAEiRNFGRT tigaiold

intensity @bt h@oﬁlq@@éﬁ&m@ekbmpbaﬁmat 1188, n{al’ﬂﬁxl fiaodhAat mﬁpm;dm)dshe and
the desired amu&&ﬁ of seco ar 1:ad ation, g heat 15 0045 %Tﬁshoul d
be noted tHACPAK %‘Boh’?" ‘%g% oVF éU‘:’B‘@fQBW hefiarign. em?e "’ttﬁ“sd nGhdes in a

nuneri cal dsécﬁtomé@eetkefmambptthe irRdistibasmeathisnurbetheofediRe AuBBA oAl
list. It shoul$ ot ed that in some nunerical listings of ranges, some
| ower |i mTEENGEY S ﬁ‘ﬁ?”fb‘éggrhéﬁer than sonme upper linmts listed. One

skillad in thejaptasw it mgm%zaeielma&h&thw&al B&Xicﬁiﬂ sgb@@m\wl beabe,qm re the
20sel ection_of an up limt in excess z%tp}e el ect ower

£0046] 1 n BB SO rHTRST Hadt FHG & ot SRR CACHSIER may be

to a softemm@:rt@mmarraimmazammsta QOSRQNE BE moted Hestmatsbine n@herstaalisstsﬁss used
her ei n,

term’ softenln rature” refers . to the te bove
Whi ch ' el GPIaTS BRCEHEE e i BEeAT s BHSHT L S hel SR Ha i Erng
poi nt of 2hxtdekimetani@e. art will r4d0Q4izk ﬂﬁatsammfm&dlqﬁeﬁéasw;meednam @E@é
bondi ng. may, be achi eved at. tenperatur fro a lower limt of about
90C, %%oc,%‘iefg&? f@é‘,ppﬁéé R ST %ﬁi‘)‘g STt of | about 300C, 275G,
250C, 225C, 2008p4&15GC: s@meléﬂﬁpdmm@mméﬁmm t@%mi&mmua@cm@ﬂcﬁn@e from
any lower |limt 30 to_any upper |limt _and enco S..an
ot eher weBhY BerCopiar BRadRR 819% 16 e P ey b8 MelBniteinly B
subj ecti ng,ss@ati&rrnml, th@ ta: mi“a@tmm@maamﬁm” rlefesartottherteefmm;rmab@me
terrperature rofil r Etlm B onlirnitjing exa ée, a
convect i on” 5 Hp‘éslwa %%6‘%“@%{35 bﬂ%‘ét%hﬁd“ﬁl%’f’%b%mpgg li zed
Wi t hi 25t hehmaﬂemahat eri aI By
(88477 In some embodimeants, mechanical bonding may be achieved at
temperatures ranging from a lower limit of about 90°C, 100°C, 110°C, 120°C,
130°C, or 140°C or an upper Himit of about 300°C, 275°C, 250°C, 225°C, 200°C,
175°C, or 150°C, and wherein the temperature may range from any lower limit
30 to any upper limit and encompass any subset thersbetween., In some
embodiments, the heating may be accomplished by subjecting material to 8
single temperature. In another embodiment the temperature profile may vary
with time. By way of nonlimiting example, & convection oven may be used. In

some embodiments, heating may be localized within the matrix material. By

[t]



way of non limting exanple, secondary radiation from nanoparticles may
heat only the matrix material proximal to the nanoparticle.. [ 0048]
In sone ewbadixeni4s, nmatri x naterials may be preheat ed Ipefrarseoiensess ng nol d
cavities. In sonme enbodinents, matrix nmaterial nay be 5 preheated to a

tenperatumﬁﬂb%k%wnhﬁ%nﬁpék&&bngskﬁaﬁ@&ét&ﬁﬁﬁgﬁ ﬁcﬁpﬂﬁﬁﬁ%ﬂhd@£rﬁ@@?ﬁﬁ%r'x
material. In sone enb nments, matrix material may be preheated to a

t enper at urd aHSUF RGN ABOUPTBYIM@ O ABDHENARHERowW t he sof t eni ng

tenperature of 1agR@TPAREEEmOT cfBEaIRIAEX PRERT In@éteraéa@ w%e HRMROEH J3Rad S,
matri x material may be preheated to a tenperature about 10C, about 5C, or

10 about 1E'H& %‘Wef‘ﬁ% @%‘ﬁt‘eﬁ’tﬁf@ t ErFErE ﬁW@QQW%‘téoﬁﬁé*ﬁéﬁ?at@f‘d& REYnR ri x

materi gl . RegbealitnG fBYpdBUALVRING ke SOHEGRS thRGRHALRI of RUlmRineht GF t ed
to, those |isted as heat sources above for achi eving nechanj cal bondi ng.

[ 0049] | n ©BMEIEODA et SN BoTRICHP CHES R lm%%t“ﬁarﬂ@?eiﬁéi THy O iPERFEASYF ous

MBSS Or PQHOHStiSFat AN fSnysadubergl nyr Iaib@qtt @WaneElSM aus HEEESidP
| engt hs” refers to a_continuous porous nass. of nonlimting exanple,

porous masEMPERYHRS ey CB%‘E'}&P%‘EI‘U@E&I“%W*%%W F}?&%’U@I y“ba‘?é’?%@i'“r?é’(dr‘m?mﬁat erial

t hrough ash@@hﬁﬁmﬁ@hﬂiﬁéywkymeh@aﬁﬁnﬁ>@ﬁbﬁ@%ﬁﬁnh§abé@ﬁi@KﬂQﬁbuP&Ttlﬁies may
retain their or| i nal ¥3| cal shape (or substantl al Ignret ained their

origi ndl ey ﬁeic’"\hé FotU WA LEOWERIM At oA ERTEONeEnPT HREgEFYh shape
fromori gimm&;aﬁurw@gewwwm@m@aw@@adﬂc@g iREIQERSS bt . bt lihhied hibnder

particles ntlaII ame shape in the trix material and in
t he poroustgaﬁé%gﬁ(ea bf’ﬂ‘é’)‘zegagwe %‘”Cﬂ%iﬂ“ hTEGh %‘Hg’gﬂ‘fjﬁagnts poOr ous mnAss
| engt hs may be gggt@gljo TN ek Ié&ftﬁ%i&nﬁﬁt% boGdlg NE: Hﬁynben@tfélﬁ;lae‘v‘z%i/ Wieidh a

cutter. Suitable cutters may include, byt not be |i tq, bl ades, hot
bl ades, caﬁ%?ﬁ%”b’@lsadﬁ"s”‘”&%l‘%ﬁbi‘ﬁag’? 5‘5 ‘Eaf aﬁﬁft“‘bré%égrm hBPERATEF2ET eel

bl adeszs diiangund” béfagese asamalhiobk adesus &e,-rssat ed xmyades:@naliras:ﬁargs@xaaﬁ@%§url zed
fluids, liquid | anc nes, and t

|
ombt oat | G bt Ene oiaTE ane’ BRouar et bY e PR ke B shene s ons e i
cutting bltadashos Hekrdd ﬁfoidew;t;esIaﬂayml@eerpb@asamwmdhatbammhesetscma;mt ch

th d of .processi to yield L
por pendt cUBH R EBAL RESTOh MY eH B A e RFLHE TEIrioch T S S U Re e er

change pose bl cm memtﬁaraﬁt%) vtaheu@m(@gs ms&ageﬁ@tm;ﬁlfﬁﬂg drizendi pagtidadi nal
i i ment s Eorous

axi s 2 m? ) ! H&a 8 n _sqne embodi >
s e and B RBUIOIE HRoE TRCHARRE: ey B BREFG AR T "AmE: GHBBGT He
ext r usi on tﬁa;garrm/ﬂia@é ia taé enatrikmsene! enbodinenirsus sk éonyightave nul tipl e
hol es bei ng Ca@%%"s%}Oflﬁe{;é%}reug%ggdi%oén%aspars%ag%Sa%%%ng?r%sF;)"r?agyo 2 g?%o yte?t?gt hs.
porous mass. Cutting may be achieved with a cutter. Suitable cutters may
include, but not be limited to, blades, hot blades, carbide blades, steliite blades,
25 ceramic blades, hardened stael blades, diamond blades, smooth blades, serrated
biades, lasers, pressurized fluids, liguid lances, gas lances, guiliotines, and the
like, or any combination thereof. In some embodiments with high-speed
procassing, cutting biades or similar devices may be positionad at an angle to
match the speed of processing so as to vield porous masses with ends
30 perpendicuiar to the longitudinal axis. In some embodiments, the cutter may
change position relative to the porous mass lengths along the longitudinal axis of
the porous mass lengths.
(OG54 In some embodiments, porous masses and/or porous mass

lengths may be extruded. In some embodiments, extrusion may involve a die.

10



[ 0052] Sone enbodi nents may involve cutting porous masses and/ or porous
mass lengths radially to yield porous nmass sections. Cutting may be 5
achi eved w9 2aryoskzaswn nmet hod wit h any known appar at us i RCITOS$2019/056388 not
limted to, those described above in relation to cutting porous nass

| engt hs i Nho,PY OHSCIRSSES; a die may E‘[aQ@ﬁ%hitfﬁk@héi@@%@ﬁgﬁdp@b%%rw1 or
sections thereof, may range froma lower limt of about 2 nm 3 mm nm

10 mm 15 AAFPUDOARERS P51/ D PATAUSIPAF0ICARNSo an upper |imit of about 150 mm

100 mm 50 nm r@bsam %ﬁwﬂ@nﬁéﬁs@&wt@ﬂhy@ﬁ&bi%%&ﬁ@ b@a%u%%ﬂgééésr@fydibﬁnge
fromany lower limt to any upper limt and enconpass any_subset

t her ebet wgBfi?us Mass fepeﬁmydcﬁﬂ & VEIRTROFRNT &0 HPEPDUSCHESS TéNgEh, a

por ous g m%ﬁ*ha&/@dsi@ﬁ%hg%d\\hﬁhﬂf?fwaé \/Waﬂp%%‘? ;@fmrm hghéé\#a%@é amydm%nggz trem a
Iovverllmtof about mm 12 mm

13 nm 14 ‘ERfed b rFﬁPS“iée%ﬁﬁbef?a%’fF :ﬁgeﬁﬁ@ﬂfg%m@gaw Vﬁissnﬁéﬁg R 23
24 MM p?SudMasés. 26 m"nto an upper I|mt of about 60 M 50 nm 40 mm
30 nmm 20 mm 29 nm mm 21
nmm 20 nm 19 Wmné ‘f’?g%ﬁf@rp@‘@uﬁlﬁ‘aﬁﬂﬁe?‘éﬁﬁﬂf %%%‘Eﬁ’m”@%ﬁ%‘éﬂﬁio may

range fromr@Aya koW iidhitMftadcdt anyhriPpRehird, i IMntmand @RCOMMasH, 20ymeubset
t her ebet ween. \LOOSS] Sore _enbodi nents may i nvol ve Wr appi hg por ous

mass séct iBRs OF OB AR $E8ST WREh BratseF dud rEi‘r’ﬁ‘ssm[[}erﬁﬁ’t & Wt K W apber

Sui t abl e whapperso ki) bae hosie t@abS@h@t&%a@b@M@e fi2ph GRS GhwSoNE: enb et ment s
may invol ve cogl i ngngor OuUS NBRSS Ssectio Qr ous masses, and/ or porous nmass

| engt hs (WHisped’ ERETIREE)2YCEBErEFh eﬁ% W&eYctive or passive, i.e.,

cooling nmay be mssz@taﬂeo(rarc@ﬁfcfuzrena@tcﬂraabbmus%hsyeer@@m b NG ro®y rgavobyve
passing a fluid ﬁﬁer and/ or throygh thS nol d caw%ﬁl !oorou,s _maf secgl ons,
por ous nas€eso"y T BEPBRE ARS "EhG Ff%a‘)’(("/f"ii""&ﬁpf G OS6T T8 he 9&?%‘&)

decr easi ngnthes keAPERratULemet, 4 hem| @Q&hnﬁrl\lll FrORNENabedtmihe amekhe cavity,

porous mass se tions or oy 8 Qr ous jmass | t hs Lglvvrapped or
ot her wi se)™"b 1§, M halsi iy TRFBUGR &' FerPiGay diel b otpBRat TER: ARy
conbi nati A trhres e0bs rAGT foven Q@@br nmsmammo&wmrﬁ E0Mon et mhlaa:BQ RS,
i ncl ude, t not_be I|r£|ted t cooé;f_}r}g %I f%#ud jeLs, r noel ctrlc
mat eri al s,“of"&ng” CYRbicHat bt 1 AEPe Phe=r Bi's l’rﬂjm BE jndom or
it may be rﬁm‘,ltz{.‘ohtredlg mim, 1% G@;ﬁ?] 7Sane, efrbedmmgn\tvspmy thfﬁl\tﬁtua@feﬂrenmﬂ
transpQrti ng rou? mass ectl gg)or ous nm seg and/ FE)or ous rrq%%t
| engt HO (VP RhEBII OBt RAVIPEE) 1Bt 5 ARSUIREE | BUAEH Gre RIS BIRE: of
transport aheebetmyer.ncl ude, but not be limted to, conveying, carrying,
rolling, pushing, 88 ROLND. ARdENGLT KSay OFn e CRIRINRLT o Sher eol,
sections, porous masses, and/or porous mass lengths with a wrapper. Suitable
wrappers include those disclosed above.
25 FO856] Some embodiments may involve cocling porous mass sections,
porous masses, and/or porous mass lengths {wrapped or ctherwise). Cooling
may be active or passive, f.a., cooling may be assisted or occur naturally. Active
cooling may involve passing a fluid over and/or through the mold cavity, porous
mass sections, porous masses, and/or porous mass lengths {wrapped or
30 cotherwise); decreasing the temperature of the local environment about the mold
cavity, porous mass sections, porous masses, and/or porous mass lengths
{wrappad or otherwise)}, e.g., passing through a refrigerated component; or any
combination thereof. Active cooling may involve a component that may include,

but not be limited to, cooling coils, fluid jets, thermoelectric materials, or any

11



[0058] One skilled in the art, with the benefit of this disclosure, should
understand the plurality of apparatuses and/or systens capable of producing
10 porouswoasrR/Ses8i ons, porous masses, and/ or porous MREI/USeMghEsss By way
of nonlimting exanples, Figures 1-11 illustrate a plurality of apparatuses
and/ or Sys&%ﬁn&@eﬂﬁ%@r&? Produchiag a@o&ﬁﬂﬁﬁ MRRS $eChaNSn HONPUSsIBSSES,

and/ or porous mass |engths. [O ? It should be noted that where a
system is @§&@'eft is within the 15 scope of this disclosure to have an

apparat us wi t h ;5b&7gomRANE N AL infersy She sr@%ﬂ,ev't%ﬁws\ﬁgft% porous @860] For
ease of understandl ng, the term"materia th" is used herein to identify

the path aESHRSWROERUTEIGEFSE: FRCE %frmub@?afﬁéew& (rapigtassor aiiaraBehit ous

masses sW | dnckkav Rlcatibna SYRESE RAMNOLF ARPBHALHEon |MapORBLE enPadiinBats, a
mat eri al path may be contiguous. In sone enbodi nents, a nmaterial path may

be noncont!igRsLIESs W%V‘gofcaﬁqufrﬁoﬁi”ﬁg PERAIRE! éh‘p§$f§téﬁ§i 5 lilgat whany
processi NGowiiRataH tHepbar, | ndependent nold cavities may be considered to
have a noncont |§:%uous mat eri al path. [0061] Referri ngttnow to Figures 1A-B

system 100 may ﬁ§§éd@@5*mﬁ&‘6fp&ihf2? oﬁ’é‘?‘a@l“’f’%ﬁﬁé’ A deriemrer shavidbat h

110 to feathdeh@amBtthbXplUBl@Y il adp04rusho WAt/ 40sPRERET @lpapat Bf BEOdufyst em
100 may al so include paper feeder 132 operably connected to material path

110 sdlas RBOFLERHAFETIBEYV D "HEPET | HIY PaPhOrEo es (0P W apper’

subst ant i aldnyirrstihdg @btampm trguraBt - X imediestead Jhebugenr apbstae@dst yhdkdp and
the matri x materi al afth?qEI enment 30 124 is in thermal communi cati on

With the ryfrESe FaAPRYIEaP YN PROTYE BX7PtSECESDS: PRESnG P8P SmettY/ 924 may
cause the gmbied mdgau@fqﬁaé to rrechanl caI I y bond at a plurality of poi nts

t hereby yiel di shown After

wr apped por ousgﬁggg\ﬁw 2% Egj‘iet 9% aEé"i/ G’yaé’ét%mds Hsedyit ‘%81‘?“%6%? ed,
cut t eris126&cebé of thie dddpped t@@éoeenm&rm@g&;m tdie@hbynents &F a system,
per pendi cul ar to the |ongitudinal axis, thereby yielding wapped porous

masses andGrVif ¥pFEd por ous mass secti ons. [0062] Figures 1A-B,

denonstrat e t hgbospgt ear 12Q8=n8 Yy uhecataranyg, aﬂgﬂ @errmensdeliki edtﬁ"nsst heecart
with the henefit o g%g/?%dl s¢l osur e, . shoul Epfder tand th

confi gur at'T%RA % iPEHS AMen YR ule % RHE BAndglE“ 4t ’Wc‘ﬁ”%%t em
100, or arrmdcz@srrmn@m rtdweeokil travpl aced . syByrwaynddbr nepkiaridé.i ngn exampl e,

Fi | B sh d h that th et of h
S R SRR ah dT e ARDPT: MTate drEuSIE e W SHPR SRR ERURTy? 1967 |
In sone erﬂja’dirmaﬂh’ﬂ“; n‘myﬂﬁé choaeartignonny Hewal ﬁmm;giaen@texemphetsyemﬁs
10verti calf8r gd?ﬁgorl zont al I

f eed i
mat er i al CispFER B IR T Ry TG e Fobae ey e e

i ncl udi ng.,totmtvermmrimm;gemsi O\aten@d | uhiarett.r i C feeders mass fl ow feeders,
gravi metri ¢ { eqgEy) MRS S0n, SRS P SN 2,051 8BS CBBVRKS) Shcilibes

25  hopper £22 operably connected to material path 118 to feed the matrix material

{not shown) to material path $18. System 188 may also include paper feeder

132 operably connected to material path 118 so as to feed paper 130 into

material path 118 to form & wrapper substantially surrcunding the matrix

material between mold cavity 128 and the matrix material. Heating slement

30 124 is in thermal communication with the matrix material while in mold cavity

120, Heating element 124 may cause the matrix material to mechanically bond

at a plurality of peints thereby yielding a wrapped porous mass length (not

shown). After the wrapped porous mass length exits mold cavity 120 and is

suitably cooled, cutter 126 cuts the wrapped porous mass length radially, e,

i2



15 conbi nation thereof. In sone enbodinents, the material path may include
a nechani cal conponent between the hopper and the nold cavity including,
but not IWoi2bEdh51838 garni tures, ram presses, pistons, siratarsg)iiezdstider s,
twin screw extruders, solid state extruders, and the |ike, or any

combi nat i iy #}@@ds&%r td EhéQﬂ%st%m?%‘{d'a%mt%reB?‘%ﬁéiﬂ&gmya;ﬂp@ﬁ%d!’@us Pilsspot be

limted to, forced feeding, 20 controlled rate feeding, volunetric feeding,
mass f | ow FEei W@W)@Fjeﬁﬂrﬁﬁ F36S FBEHITg, vacuum assi sted feeding, fluidized

powder feedi ngm@%z@”)ﬁ@&f@ @ﬁtso'ﬁeﬁwmﬁ%te thi §9§f8n~ﬁﬁ[@@dh@“bé atf 88gi ng
may be indexed to enable the insertion of spacer material "at

pr edet er mateeE i nfBey akiged g F%I?ﬁtisﬁﬁ%‘eﬁh%?%ﬁﬂél of fBy ESRPFISe Hutidi ves,

sol i d barrjefsstbRd ghe f@@f‘! rgﬁvz\!ﬂxéﬁkoﬂ@eﬁbﬁe)ﬂon@%%aé}@&tﬁﬂz@ﬂ% £8g18-at vafcipaper s
and rel ease vvrapi)ers ters, cavities nd the 'li ke, or any comnbination

thereof . IS&5het @b &ai ?%htcé’mﬂoééﬂﬁ fgeTRRY iSn\Fi’EﬂC\’?@ SHYKI'RY hdIB¥ i at i ng.

One ski |l | eSaiibié heigaivk, mms,hbwg hepbenebitme Hehéfﬁaﬂ@ljﬁéa oS Shat IhO Wb et
under stand t he degree of shaking and/or vibrating that is appropriate,

e.g., a hoioy®REusEyY aﬁét‘%ﬁyb‘“&fﬁ‘épﬁﬁ‘é‘f*wﬂﬁ‘ﬁtxer@r“gl VERDIT GNG f%%éawihder
partl cles mml SHBddmaehineirdtniakt inelesaviByme mdvernelnyieht e¢trevbyn

vibrating, i.e., honogeneity may be at [east partially lost. Further, one
skilled i nvef'ﬁ%ﬁiéf‘fj NORBAME -under st and the effects of feeding paraneters

aﬂd/ o][ffeeders{e:netn';}:estaeIa‘wlsnzatsl-hEjl ORI fre@Ss, Offeeﬁh%dﬁ@t@ﬂdﬁﬂﬁ&gﬁieia?é adueed Ie g. g
the effects on at east vol VO scusse rt her elrow, e apsu ate
pressure AP Wafs@ﬁgg’éda‘%r%w@#ﬁﬁ?% SR C Ed BH%I“O§§HB%‘S§ feity.
[0064]bI Ref\e.mfm@?mgmt@dm tﬁhgw ias,wat%ﬁBga—lngytﬁéagﬁ@g@tfmemn@ahy&% {10@@%:&»5522
operably connecte O haterl a 0O Tee eria (0]
Tterial PR 10 0%, RS0 HNDCRI SEUTHIE LGP s er TEE B30 BoBPAD] v
connectsed dogntiRé@sr aherpatl h 12 1dn%o0 eaboinéed tpapedteA30phint mamheiruuala pat h

2105tofor a.wrapper subtantlal surroundi,n teri

C etumen mit e SR B B At h oA ME S plalS kP LTS D b8t rray
:‘nCLIUde| reicﬁaﬁﬁitéceﬁﬁ,e@araﬁﬁiiﬁpeéi&bgb%sw)nﬁfﬁﬁﬁﬂ :ii'mk@astf ef)dtﬂldep@t’di}ﬂ@k@gﬁ@ as to
eed rel eas per. 234 into teri ath 210 to form er t ween
Domor | 250 S e gt B GuTR Gl Bl trarite cofel ol FRRGE: S50 may
be confi guet: azﬁab@sarﬁ@m,ey@rdsrﬁ;a&atyh;atmi@enbumuousbynmyeu:i 88 fbﬁieéaf&edmapper
234. nmmuni cat i.on

t
e B R I e ety | Mo e e e 120 fee b SRR rac v ¢
mat eri al tf@ecﬁl‘ﬁ@h&ﬁﬁ&ﬂxﬁhﬁsabmaidfeaﬁm@, pilksitiadd pcyw@é: fetiniss atrfmxt‘yectlynmneﬂsm ng a

vvrappedp Qus ss _length Aft th th exits nold
ety 25gheRr Ot s e B reh B d T ap saay o Ble e B g S ke
t her eby yicgtldspagewnagapesl qzxowr@mtmﬁasaeﬁm@dféar \ma;ap@dsnmmmtm;s rs@ct i ons.

i n enbodi nent s. whe rel eas r 234 | t co f| ured eyor 238,
(ol oase wabPRICPI NS BET BROULH PP PR A JRa pBrsuS LTSI Gyt h
bef or @scutdapaegs end freienz4 heapwappadigper w&timmsﬂmrﬂd@omrm&p@mbapmﬂms mass

sections ter .20cut Referri ng ngw system

300 ey | HEFORS COnsOREAT ISUBERS SPRr et oo it Be g e RE T of 't he

mat ri x matdne aik:i!eahhmtihmpp:emgﬂ@ﬂ}e Eﬁhmfmmms aradiesiral sinmyid bmdm steck amel

pr eheat ed opper. 322 W reheat 344. may be

oper abl'y cdo nectogdgha%n%aﬁ tﬁérwéﬁatmét %ag gr?pm&g‘t fe frétrl ﬁﬁ?i}e{?%é

mat eri al phsthib83 n&‘@tske‘m&ﬁﬁai rm;mmlssu_; |ia"rgbudeci@apertiai@edaai 332 (apmfeabl y

coTnecked dRylEl SLALePALR 340 5085 ho el RApEl R0 IDLR,MRLETLAL Pal h
G for'm a Wr apper "substantia ysu round H et ween

nol d cavi tiga32raaidly tdse rmrirhkﬁx, ored elillad in Nid dricsi\autqmﬁl@@%hﬂyi uhszcéff&ms fluid

connection.3 f a Y. into

mater i al e hegrd Bl AR e dRPla B RRE Al Tty

of points mhsaeehyoyiuaa‘culmg athﬁra‘iﬁ@é@l cmoabmbmm verigth (duéetz.tssedtfhethw apped

por ous ma t

por ous nazﬁigk%\'gﬂg{ﬁﬁaggﬂdtg fj%gﬁig@ét@yyﬁ%ﬁqﬁqg&% rﬁgm%@o\'@g g &ﬁnﬁi%ggﬁ gﬂd/ or

wr apped pdrossgangds. sections.



[ 0066] Suitable m xers may include, but not be limted to, ribbon blenders,
paddl e bl enders, plow bl enders, double cone blenders, twin shell blenders,
pl anet ar ywobl2eredsazg f | ui di zed bl enders, high intensity PpC&u$ers/05638% at i ng
druns, bl ending screws, rotary mxers, and the |ike, or any conbi nation

t her eof . rbeeat] Re?br?;ﬁ@ﬁngﬂb@g' FRiires QQUQO%%/@EenH‘OEQQr SndBYndIohd

i ndi vi dual conponents of the matrix materi al q(_:: two conponent hog pers
w th one H"(ﬂp@iﬁ‘ﬁazﬁl ?R%?biﬁépﬂﬁ%qtégi%ﬁ%ﬁifﬁﬁf Rﬁth@ri B?fﬁeﬁdhéé‘t‘*ﬁiv‘é’ "ﬁéﬁf@ﬁ“ia l e

In some erdyadkPRt ati@ﬁﬂ@o@)ﬁerﬁ%ﬁtﬁﬁ%y@% h@iaﬂj%aﬁéﬂf@%&f2§;@%ﬁ@ws Of
the matrix materia nponent hoppers wi th one holding a m xture

of 10 bi ndé‘l‘mﬁ‘éﬁfjltélr@%teé“ﬁbpé@t ?%@ St iociees nangr 28 BthE AT Ty 4P

addi tive lickardl avaspaat susgnar&m ﬁﬁb@mdrmym id18x GAARORE BhExMA Rid
conponent hoppers may be solid QU|ds gases, or _conbinations thereof.
0

In some erfByt reth §“dttH§ rE%‘?ﬁ%(oﬁ@ﬁ?r fFLHﬁ?ﬁ“'eF‘é?f?”‘cgﬁﬁofﬁ‘éﬁt”‘ﬁ%%é?@a‘ﬁ%y be

added to tf@@déﬂomgr Qﬁéra@!\,f EQﬁ:%L*tecﬁ Qbeﬁmhﬂf!aﬂcg&ltﬂVglé Q;e%lsrﬁﬁf&l:@fﬂgieﬁs% t he
matri x nateri al nonlimti ng exanp | e hr ee corrponent hopper S

may separ é’t”@lpf?e’hgﬁ& ‘ﬁiﬂ F\?é‘“fbf%irﬁ%t%l?é@ “bf%ﬂb? "HéP?‘?fciP%%\"“earm?p&&ﬁ:*\%am

conpounds a@ @kt me @@@@fdeb@ﬁb{fmmelm rORhOWFeddrr A3 hhyf 1 RanfRjungter
partlcles may be added to the ﬁ per at twice the rate of the active

parti cies d*’aﬁﬂ“‘f@?’@“a@?ﬁv@“%oﬁf) SHay YHES sSTTSRFEN WAPREY 4% o FEF Gt

| east a pafitdaht 304atib ngtmnﬁowmm;mwnv@stmmé hedtas randrikhenbd ndefoid
20particles. some enpodi nents, fluid connections, to nold

cavities rfaythe %28 paé”ase% ok 2l lﬁ"ﬂ“??ﬁ *the " S| e HITE MR £hr ough

a mol d cavhbshar@iad) Ofor@r anianglemitg @b@n@%ér}éby%ﬁeitﬁﬁ‘@da herebad gdigud erm
"draw ng" refegs to cr ating a negative pressure across a bogggary

and/ or al dig*a Qb‘é%“?‘r 'é g SUERPRES PO5CEndESRgead éte@ﬂ TPlHi PNt 6%8ndl or
thr ougJ$I a cﬁi@ﬂe@l 22gi tmsrr&)e aaapptd lgsb;ﬁe@haasg:aéﬂagthbmmaang thé}%bt;rat,;rel@mg

mat eri al therein. er

Uher el n et 2050 SPT TR TFRIoRG EHE MO SCATrEY® Busnpcarty TS bRt BT

wrinkl es. Ji6%%kid3et erabpg PBW it actcguigirdd aS}@M@&%@%@@@@IM@@pB@ppH
30 422 opﬁ:‘g‘glﬁ ﬁnnect ed to eri ap&p%th 410 to fEeed e matrgx mat eri al
to materi H 220 CTIFPEC M P E P P BT &8l ﬂfé’f%rCF "8t h 410
such that ftde out veippell bappermdd2si sndiot Mirapped oemsl trnsd 2Qctiddd aftaay
advanltgégeouz \g‘oallowfor the matrix material to be fed into nold cavity 420
at a ntrol the packing of the matrix material and consequently

t he void 35vol @uﬁﬁaﬁ Resaringntowp s B@sm,sgestemrsﬂmlnﬁaynmliuldmdehﬂgmemanpl e,

nol d cavit ri s no, ctric rraerla and .t herefo 1cl udes
Tover - conbebEtn S SR eadaba b e St A MRS g BT BT sl

oper ably dmmecm t@hmmixaﬂnatmdh A0 be amaxed tandf pethepeldeiasienweaBEr 434
i nto mat er| at h

rm.a per.su antially surroundin
ot ri o merh a3 d8 BokipriBhalel MO RSLeSRER MY Beicheltin SEie ek
cavi tﬁlﬂzwmsab@aﬁammm @eetdwé*xermeﬂiaztmm@ratafat@rma]ensbptzhatﬁmol Sysmm ty 420
may provi he_ heat to han i C ¥
T ol Tty a0 B el RSk B 3K ahRBs st R &L Paieleh 2 ong
mat eri al it sbl@safd éeedrmaeca:mm yind@ Onatreolal eratd481dain lﬁmmp@n@:bippecapabl e

o 555154 LIS, L0GIP KO 115, EPRSE AR 0 242 R phah L0y oy i o

cutter 426nsutsnidteriair apjpdd cpmtm&mmssy Inmigﬁidn fm:acmcahah@cttdmeﬂésytryoe@m! ng
wrappegd PALOUT BAESARCLAL I APREd) PROOUS, ISR SRELLADS ol Lelg cyld | N9

t he porous nmasses ¢on ong riar 0 on us nassS conveyor
462 per hapsaframiqde kagdngeonafric tiaerrigdradcegleralgy of peints thereby vielding a
wrapped porous mass length. After the wrapped porous mass length exits mold
cavity 320, cutter 328 cuts the wrapped porous mass length radiaily thereby

vielding wrapped porous masses and/or wrapped porous mass sections.

14



15 Rel ease wrapper 434 may be renoved fromthe w apped porous mass |ength
before cutting or fromthe wapped porous nmasses and/ or w apped porous mass
sect i ons wbter2/os1848i ng. [0070] Suitable rollers aou/useo130bes8s t ut es
for rollers may include, but not be limted to, cogs, cogwheels, wheels,

belts, gears, %ﬁ@ﬁ%‘}e Sﬁu‘st'é@%e PhixaRY ), 16ONId NBLE Ofbet B@r R@fred P, t RBBoA O | ers
and the i ke may be t oot hed, bevel ed, and/or indented. £0071]

Ref er ri ng Hefa s F’iaéﬁiﬁe biendgiist BIRWSOETHEYS | ARt tiBeCHBp RIS biser sbe!

connect ed Siéhd!i&& eﬁsh@ém@@b@%&% trQsi di 28 ehBe ARG X BB B, @Jen&&s rrakgmgal pat h
510. Heating elenent 524 is in thermal communjication with the matTi x

mat eri al WHPIME: PEIRBIGECAYF 1 PLaa o Eeatdnig el éRe At demorﬁewéea%%e}% mat ri x

material to meghagiygalihobndmdbamndiid! abihb¥ndit RYHRES riderebyinyiveldi ng a
porous nmass |length. After the porous mass |length exits nold cavity 520, die

542 may bé HERIENBr SAxXTEuBIANG™ t RE'PE oY md¥s FERFPRETnBrREdedithetne

Cross-sectismal sHape. p@s@ieg)‘lgmﬁmﬁhe' Rehard@orif Wkt yarfcidl esibddmd hrough
whi ch the 30 porous nass le th may be extruded After the porous rrass

| engt h i s ERRGATEA S h?%%‘i’i"ed"i HEWETS JFY 1B IBE S ‘t’fhécﬁ‘ﬁ%%grrﬁ $"% engt h

radi al 1y thstrebynarbghidiang wOou@naB@&esaw@fwr@rwaa@rc@a@sn@m@ SeehIteRs of
[0072] Referri ngénow to Fi gure , Xstem 600 may inc|ude per feeder 632

opera810y e PRTHGS REfefie pattr'eLdndothss oo ey Tﬁarfé‘r a§§5“’§5i o

mat eri al gakbrHk0. 1Hepper eﬁa%admwbet&pebﬁ@bm@t@nmﬁhe@bmpoaﬁm{tem@ie;s pat h
610 so as to {%I acoi {I’I material on g@ger g Paper 630 wrag ar ound
the matri X"HACEr FHASatYie5s3258H PartMhEEizse ¢ ?reﬁgssif“@”ﬁ%regﬂ%ﬁ”% G cavity
620. Heat ithg ehgim@BhtbAdiFerdm dohgomaht e@ﬁmﬂlrﬁe; bemnatietitotthe HERbLEF %t

mat eri al ga!f%iﬁgand/ or_after bein y 620. Heating_el erren%f 624

My 5 cau B iR 16 ReTErs 31 O e Rt Bans TRty mera il opgI Tk o

poi nt g5t hefroealnmaum@l@aam@ae whaa@pedn@@hgg% HERS8rd erﬁué,tz fésepévfaftgiﬁihhhﬁ \&ta@sged

por ous nmass cutter cuts the w.appec

D e oS Brigngt nfs pariTres rep o ar i b ap e Set et UaBREn g, or
wr apped pg;rSezﬁm»s) MaSE.IS EGitnh. oriﬁndd@@ﬂ’gai ntdW bealidsy 36 ene @aﬁpﬁﬁyt F'gc%itid@d bé
conveyor no ca n stati gnar It sho e note
Chavere | G2tk B bk AR, SElah ARA TB8 AR Lo e U S Pra b B S50 Soahar t of
a | ooped confeyoet tdat apurtapscobtiogm drhecrorioasictas arengs kindefrer Birgigt ti ng,
whi ch ‘60“' d eI d porous nmasses and/or porous mass sections. [0073]

Ref er M ng HOWFES Fi gure 7, nold cavity 720 of system 700 may 15 be forned
fromnol d cavi fgpopsnt Sn EBB& @ﬂﬁoﬂﬁ%t@ﬁ&r@bbzynmmnem athid @avralagl nﬁaa,vmé y
conveyors .760a and 760 d cav it

o BT iy et &bf SV R A soRal PR PRy iR 722,
Heat i ng eldawehig 24 msid @vﬁtlgermhsazbhemm Qabltermn\ﬂﬂtdwh@’ermmoxarmieg| al
while in nold ause

Tt er il (O HRETNFEEFTY FOR Tt OUPRTT g P HTR: S PeHer By YERPd ng a
por ouQmaS?stAf;;t er hoeled clawd tsyto?Z-ﬁwsefpahmleﬁ iantrocinpkeavicavinky psdidts iiv20a
R A N G L L
shoul d be thet eds Bhatapbegtseoded tHansihrrabessaisnonlining tthegn@xaﬁpite sobnig,
noncont | 9“993.5, with less wrinkles,
(88881 Referring now to Figure 4, system 488 may include hopper
30 422 operably connected to material path 410 to feed the matrix material to
material path 418. Hopper 432 may be configured along material path 418
such that the outlet of hopper 422 is within mold cavity 428. This may
advantagecusly allow for the matrix material to be fed into mold cavity 420 at a
rate to control the packing of the matrix material and consequently the void

35 volume of resultant porous masses. In this nonlimiting example, mold cavity
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25mat eri al pat h. [0074] In sone enbodi nents, renoving porous nasses

fromnold cavities and/or nold cavity parts nmay involve pulling nmechanisns,
pushi ng meoharesmss | ifting mechani sns, gravity, any hylpciraseehenssss or any
conbi nati on thereof. Renobving nechani sns may be configured to engage porous

masses at Sfythemgnass Al @E’&Qn{cﬁe@ec%h@'eﬁr%)tenélr Ay &@F@?b:r@t 'n@iﬁ!sd%@eb@@&
Sui tabl e pulling nmechani sns may include, but not be limted suction

cups, vacUSRTESIR0AGE: s SYEURR ARG MpY Rdssr §iclicsr capase fe5HgE 43& CpBETy

claws, cl %ﬂ%m@a%tm&ewakgmh%1@% muﬁétrb@@sé heksead- aPuiitahhedpuashi ng
rrechanlsms may i ncl ude not be limted to, ejectors, punches, rods,

pi stons, \iEdgedifsisolesn @a‘ﬁ%ﬁpp§5p‘ﬁ@§§ﬁ}tiﬁﬁédﬁwr*€ﬂ%ﬂ9 4RB TREDY iRatergl any

combi nat i qruilyber erbia SHitalbke ddd thdgnaiPRChAN D MBY Eashudes AWl mot be
limted to, suction cups, vacuum conponents, tweezers, pincers, forceps,

tongs, gri'Bpes &l aéi"%‘iﬁé@eﬁ%@ﬁﬁﬁate&ﬁhsq et TR Caéﬁtyégr?ﬁ CBHIITRACE She t et eof .

In sonme eradbamMiGily Mhd ®aVvhid-gSmERYabat @Qﬁuﬂaﬁlw @ﬂpésﬂtmﬁﬁl %;emf% Wi th
vari ous renoval mechani snms. By way of nonliniting exanp

push- pul | SECHHF sﬁ‘ﬁr%i/”?aﬁéliﬁﬁfé pd@ﬁ?%@"qi%ﬁ'@il Ft‘fﬁﬁl‘?‘ﬁﬁ ?99W"t"rild 56‘{!8@439 as to

nove the n@n@;umm%w tpabbdy @wabteh@f gtdieinend ﬁf@véh%nﬂ@'fdh@&&ﬂab?{e&ml ch
can then be engage ;‘Y forceps gull t he porous mass fromthe nold

cavi t V-0 [ CO78YS REFERIH W(S%@b”iﬂi GEETE 24801 §VIERVIE yYTBPBEO OIS BRPBO00 i s
10 forned Erem émﬂsdm@&:\/té\,ytyp&m};s cB28a4280- 8208 OraB28¢ p@ﬂﬁjs&agﬁb pperiabl y
connected taq r{D g cq% ty convegors 860a, 860b, 860c, and %f

respect i vaP§iaOTeE Sy YRIEHRA vyeRpy PRrOSr HEPES RN BF YHg-e F?PFF@‘S 'CHeet s of
paper 830 stgomdt pedHeadidgte @@bds, Gaysky 8AGnvd aidpapektdreedath 838 odhen
matrix material is |ntroduced§1§g 830 from htpgper 822 al ongi mat eri al

a
15 path 8T PHHEHRDI ERYS T AR PRAP LRI CEEINY BBURITISh 6 HEPenE. masses

W t h heat M@Afneh@aapg@g @aemmu b824mdvenDvaln Bfe Wheseer s uEBESEs ldmgyh be
achi eved fl nsert.i ? t or 86j4 into ejector .ports S%Qa and 866b of
nmol d cavit ‘ffé‘r‘t‘g“ﬁ%@é Fog" 6%9 WESRRET BYTRUB SORFS T REYR M ETE PRASSEL S5 hen

and conti neetighoagemaltengal path 810 via por ous mass conveyor 862. Again,
20Figure 8 ill nlimti exa conti uous eri al
sat h. {00 98 By b o G Bt R BB cePan ThBEpatt
assi sted Widifbfﬁlisﬁaimdng},afogﬁpk“dg\&ﬁmiiI escapdhbels, ﬂpb&fsp@%dti}hepiﬁ@l Sor E&e)f er ring
again_to Fi 7 | eani instrunments ?e inc S
700, A ool oy ST PR ISt et Urn ot Far iRy BorBE asces.
nol d cavi tandpar isle@&d720a and 720b pass a series of cl eaners i ncl udi ng
liquid jet 770 et. 772 imJlarly..in_ Fi M vt parts
a60a" 8bob, 66600 Ahd REEOHPetal ot FIHFoPm NG HbroUe MALLee Sngiiekhy ty
parts 860;&226@brat&6&©nnaﬂdd&60mapa$ﬁ #btE % i@ soofead| ansnsii medtadkng heat
From hest Lok SLPTN o8, 408 2 bty S s RO b AR AR Sl
i nser 25 | uhdtrjxemsateériamesﬁetshahoidnaszﬂfrhty M0 Hmitsdg&aam?nlwz@amablcauaé ti]aeet ting
fluids radnlwa ra%y?n’ater:ai £6 muchamcpaﬁ)igrbenu aetsa pc?ura?p)y g%gii?xltsn%%érggy %dmg a
porous mass length. After the porous mass length exits meold cavity 528, die
542 may be used for extruding the porous mass length into a desired cross-
sectional shape. Die 542 may include a plurality of dies 542" through which the
30 porous mass length may be extruded. After the porous mass length is extruded
through die 542, cutter 828 culs the porous mass length radially thereby
vielding porous masses and/or porous mass sections,
[0072] Referring now to Figure 6, system 800 may include paper
feeder 832 operably connected to material path 8180 so as to fead paper 838

35  into material path 818. Hopper 822 may be operably connected to material
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[0078] In sone enbodi nents, porous nmass sections, porous nmasses, 35and/or
porous nmass | engths may conprise cavities. By way of nonlimting exanple,
referri ngvoam2as1HEsgure 9, nold cavity parts 920a and 9PCb/uspernabi3gs

connected to nold cavity conveyors 960a and 960b operably connect to form

nmol d cavi tdétﬁ?@i@fm%és&memagg%ampﬁ%!?er%%n' SaPes 88! Yokt anhtedh 0t 0

vol unetric feeders 990a and 990b such that each volunetric feeder 990a and
990b fil | AV tﬁaﬂ*?VEQWt§%¥it i“aﬁqas?t\i\ﬁ‘tﬂ?”'% RecHer Pk PABTIRY |‘Qé’t1”®‘@l5"oi‘i’ﬁ”"j

material pathy b, BebWRsidhenaddistis On tRbrmiBtdXm TRLER bR kil @18 Mabuwetric
f eeder 990a and volumetric feeder 990b injector 988 places a capsul e (not

shown) i ntBaiREIRHWEHS PP/ DR R EbY Fiok] 8y ﬁzgaﬁﬁ?fc‘éqsﬁﬁm%ﬂ%@ A DY matri x

materi gl . Jddeat ikpg iﬁét@&ﬂﬁ%t&%‘l’nid'rﬂ@{tﬂé‘%{d@{/ HoPAt ACE M THY Fmﬁ@é/tﬁe)ha&zo
causes the matrix 10 nmterial to nechani callg%bond at a urality of

poi nt's t het®BYSyd SIraPrRy ACPEPdUSSTEss i fhfea b d@”ﬁP%e‘dF’E%@éda%iﬁr”QFE’h

After the R@kaHsIdMRSRy|S2d 0fIRG, 62@%@&%?@%@@?% %%;?m!ssmla%@afriq@i@l rhdvhpy Mol d
cavity 920 al ong the [ ongi ‘tudi nal direction o cavity 970. Rotary

gri nder 998STERYofiRFAIN Vri’j’?ﬁfgb?%%?r ”@ﬁﬁﬁﬂ?ﬁ%’%ﬁ’é’aﬁ%%@@r%%@aﬁ% S8CHEE 1 ed

I engt h i n gherh@rghtadimnastatrams iy bkl Hptdhveayi 38926, ¥higeparat es
into mold cavM% g)arts 920a and 920b, the porous nmss is renpved from nol d

cavi t y%art<? SAIVET620h £HAUEoRET PRIE 36y et HiovBat & 91090 a

por ous NasSnEaNNeYOMmBORAciude papstk @BPhs %léttt bk %@p&ﬁswraaycﬁmfhawsmmm n
por ous rrasses

and the |ike i cIude but not ted to, neric
P opout e TEeRIhe Rhrbus et EaR Tl beSn tofinmarues wae vt nateus Exhet oo may
be fill ed a/Mdt/ghr adroaddhddseectiéng. , granul ated carbon or a flavorant (nore

exanpl es provi The capsu] es, in sone enb nts al so
o e P oy el BP 28T A ey B Btebivs 41 o B Gy A ML F eI T RE. smoke
to ren@ve Wy fdre@dcRoih@oRDALERt pats orpoef aﬁ@ammmaatyscwdeam toatheed sel y

erbod! Men VY 1L EHRT d80Rng inePle EORHELeTas QICRATIE: ALY P12 ant
One shoul donake thatixi madtheaicapsube igrddused fdlohentbyerfdl | el WiBhf@nchosen
Thter act | JIVPBBE vdn RETILRBOTBHUEbE HEC AP HAT BARSHOR ST ENH % metr

subst ance rateriae wedlpsulresid G0 tgm e@et;sgldiéredw P24 heapchysamiahmiahex
R T L S e A e S i
and/ or pormass. MTagsr kmgtcbsmvmlm @a:asaﬂeesﬂohmbm fevmynpamzeabmdi mobé, nor e

t han one sule may_be wit ion r.ou nd/ or
orous e BB G sl i B RoPS Bk TRk s PRBSUE TR o
| engt h, waidhcordinanetierg randidrpalie i7gilt viaqforpay ouss rass\@eGd DN s sipaldus

, d/ t b d.b h h
resees. Al R ACLRYSTIREE YO E-TSY S AT R PRt e e

snoot [Bsng, mpiarias hithg, rubblng, and the like, or any conblnatlon t her eof .
General ly thes ﬁaﬁgg 3lons w | %Ie qn to herein as g |ng ggne
enbodi nment s nag | v aand?WSD HEE§%dé% gnﬁﬁopaﬁﬁﬁsidﬁ oro g
sections, qEeiteysanssespicandlioy potoussyrassoilengtihy; troedahiseve smmbch
surtaces: eHINeDRg SR A0SR MER PR LI S e RABE  A BF B =
grindi ng ﬁhemsﬁd@@nandm@nwﬁhdsmdﬁ:peydmgxmﬁgsnsbnxemﬁgmgmnnomsuﬂasses

and/ or.,por.Qus ss_| engt.hs C d i S .
spe0|fﬂ%aﬁﬁ%n %%%h ﬁ oﬁ%% Epﬁ% enbodyngﬁﬁéﬁggg nﬁ%% @2 g$$&%P pLfipl%gsides
and/ or endsedmwmnnwumanaysdwﬁntb@hsnomanUSnWHSSHs saﬂmﬁbrmpﬁrousmma$s

| engt hs i f1e t n her
pr ocessi naor AR, BB IR, BtebucPnod And T PP afd bl o
understanddﬁhatadwgbmbpaﬂmndhegﬁﬁaﬁdﬁabkmnwﬂms;nuyhbesmbddmpedhkkmnut
grindi ng C di e.r h i
and/ or plé@%S % Mnn i@é %?& Va% MQW¥ E@§QD$h9&$%a§8§§§3 ﬂgﬂé% 95 aklng,
and t1& | |Me$swmean%sd@nbhna:hedn<en hET eo‘i co[ﬁ@ﬂﬁat]ommiyea@ofrpoﬁstﬁbi@ndif (0]

i nstrunment capable of achieving the 20 desired | evel of grinding nmay be
used in conjunction wth systens and net hods di scl osed herein. Exanpl es of
sui tabl e conponents and/or instrumentsi€apabl e of achieving the desired

| evel of grinding may include, but not be |limted to, lathes, rotary
sanders, brushes, polishers, buffers, etchers, scribes, and the i ke, or
any conbi nation thereof.



25[ 0083] In sone enbodi nents, the porous mass may be nmachined to be lighter
in weight, if desired, for exanple, by drilling out a portion of the porous
nass. WO 2p0B43480One skilled in the art, with the beneCirtusedi1iohiss

di scl osure, shoul d understand the conmponent and/or instrument configurations

necessary 0cni @RI agRy P Olse, MRS ﬁ@@tﬂ@ﬂ%it@@rﬁijs sOBKSFE SqupANAL QT RO OUS
mass | engths at vari ous points with the syst ens descri bed herein. By way of

nonl i mi ti MG ERERPFe, WERPTHEI RGCPIFs (PGREht I§NERAPTIPEIP HRVAgCPRSEr BRRATS used

whi | e porqis, BRS$OS.cRfinktolTRlde6AYih is8So( OhbRARAUMSs TRSE! LARGENAT B
| eaving nol d cavities) should be configured so as not to deleteriously

af fect t h&oRbperegald typerably worll giigs V2 Ry e r PRy h W8N EMfur £Y10Y3%8pper
1022 i s Onﬂ{rﬁm;b{ﬁ@t&%ﬁﬁé to BlWHE mZp@ndnBﬂ%iﬁgmhwyat;ﬁarsesdmé@cm;@é to

material path 1010, Al ong material path 1010, nold cavity 1020
confi gur edmﬁ%’f‘é&’&%b’t WHBA T9B6° Wi lenmpPye é%%é’@lféﬁomﬁ é’éﬁ‘ﬁ%@ ?Lﬁe‘ihﬁa‘?tﬁﬁ&

material idham® gheCR¥id ¥ 1Q20nickRak ItR8n %%Qfﬂ?ﬁbe@ bl 03 dsepls ot MBI il porous

comuni cation with the matrix material while nol d cavity 1020, causes
the matri x"A% EPT 2 BORE@EHi cal |y bond at a pI urality of points thereby

yi el ding a por gpg788s Rek@nahhmow rmlmgue@ @fmbi@n&a]@@()gﬁﬂ cﬁ}’:ﬁ}s@éﬁﬂw@ igray
advant ageousl assi st |n ensuri pt%l matrix material is ﬁrly packed SO
i #70a

as to or iPETBOIEIE MEKS <R ehgPA es Pred 9%[8@@70?%2 CPREPY syst em

10 3000 gm{wﬁ@t@a Qlaglriw@i@ fd’a@%%%g:%?f&%t lﬁe ddte, chatw essSc,| afmi hSEﬁfi;Stl I
cont al ne W 1 N cavl n |sn Imrtl.n xXal e COOIngIS
achi eved ﬂ&%%%‘éﬁ&o Once m flcbéé%’]ty AL IS TG owPt SuiiFgJP %ﬁﬁeP 1122

of systemgkhep sgEnabdliyrbeads hhe AR daifegReiah ﬁ@eexéémemil&ﬁh@% ong

material path 1 5 Extruyder, 1184 nov trix mater]i to nold cavit
Ti00, oy 00 s IMEPHUES FEarang SRashaer popact §2anabnarheterel ' Y

comuniscatgzen mm hirhermBRt EawtTBRer bad MmbiHa@idany niduhdCavd tordd2hdsbad
causes the poi nt's

h | t f
Cheraby yihaTig: 53 P Bnanele TR BB Rethatal o Bl PRt fes ke Paynes
cool i ng e|zﬁﬂi&ﬂbdWﬁxsbﬂmﬁ"ihﬁeﬁﬁatm@mmtﬁai]é@ﬁs 20rtp @anss s N SHdeogivignhi | e

| 1omP! 9 S HHEC N VRIRR! sl NE Ly FSs LEDUL B Of Bl g pavi Y
enbodi rrent@ntsau@omtm@lmsystaemamysmt eiaf aemu\m trinse onperent BEH. th@aasyst ens
Syst o T AraREe BT U G BT UG BRI 00 BeRLoE 75 EHe el

el ectronic si g@abgﬁand;zuww tovetkoide garncs inens @hdistier fragi maw;itbdammer
St poi nt .t 8 Ay cadfRorRtie MR BTG <R YR CoAE BrOFIIR &s. and
any conbi rnitdnomg tifeerenénts Sl abkt enmoptiodd syst efmemaysinclasdecidubviar e not
L Lo Liarkarbg &nd AR FLIRL SroRBRYE Bordl: LRI el % parts

25 720a and 720b pass a series of ceaners including liguid jet 778 and air jet
772, Similarly in Figure 8, as mold cavity parts 880a, 860b, 860¢, and 860d
return from forming porous masses, mold cavity parts 860a, 860b, 880¢, and
8&0d pass a series of cleaners including heat from heating element 8234 and air
jet 872.

30 FO077] Other suitable cleaners may include, but not be limited to,
scrubbers, brushes, baths, showers, insert fluid jets (tubes that insert into mold
cavities capable of jetting fluids radially), ultrasonic apparatuses, or any
combination thereof,

[QG781 In some embodiments, porous mass sections, porous masses,

35 and/or porous mass lengths may comprise cavities. By way of nonlimiting

18



30 logic circuits, electrical relays, conputers, virtual reality systens,
or any conbi nation thereof. Suitable system and/ or apparatus conponents

t hat may we 20pasadaBy connected to a control system nmay POE/USA@E,1/0bas88 not be
limted to, hoppers, heating elenents, cooling elenents, cutters, mxers,

paper feedshgpié erlee@@;%%frﬁﬁ«sﬂ@f ?agds@' @a@%icﬁ@a{w&)’&&% 92@5'@%@5@2@@'09(5%‘& ty
conveyors, conve ors 5e| ect ors, I qu J ets, alr ets rans, hut es,

extruders ml"‘ﬁ}“@@?dpsmﬁ??afﬁ"iiw ﬁ%ﬁ"é‘fypﬁ 95@@6&‘?{%95§F§| %ﬁ%“y %W(ﬂ‘e‘fil"léo feke, or
any conbi nﬁéi'doaa\;iﬁem of Istys&h@%@b bepgsed gtzfzaﬁs SYSEANP a@ﬂ%@ﬁ@cﬁ t8PRAL at uses

di scl osed herein have nmore than one control systemthat can interface

with any ﬁ{%‘%?trt&ffe@%ﬁ%ﬁ%ﬁ% Snd[ BB PUCh hak AT e It e Gder AR0AaTthe

benefit; ofgddu $idiaad @guafﬁgz@w iflip witnd@eshant hedNberchaneaabidsidy of
t he vari ous conponents of stens and/ or apparatuses di scl osed herein.

By way of |Breﬁ‘i"?¢’h8“£‘ei%ﬁﬁi>%0 R ToteT B SRS OFay Sha oRoEF SOMRy@RF wi ¢ h

m cronwave EOUHERR whenr tmm%éttér fmi@rp'ia’%:'es@@ﬁﬁ%ﬁ@in@@%ﬂ@@h!ﬁ Ii8lce rrivid
responsi ve to m crowave radiation. Further by of nonlimti n%eexa

paper wrappely SR tharebhres dRanysarwi'e H**Ufré’lué%‘é WOW’&“&D@?‘%W@E a“Tgé)089]

Sonme enbodijgmBhs gy IN¥edveslf tyicher m@tﬁ«p@w@;ﬁ@ma@f 9ROI ASsERIHe SRGEAONS,
por ous nasses, and/ or por ous mass | engt ed or otherwise). Suitable

furt hef prfﬁé‘@&‘f ﬁ‘g”ﬁ%@‘@ﬁﬁéi%&@”d it A d‘Bé qfﬁ?ﬁ‘ SEPEELYIERIHP /i Y085

;I avor ant ﬂlasfssowttara afl;ﬁhdde]g ‘eﬁﬁpogéd Redrag,. drckt km@gom&dib rrifabl t&@fmfha%t@gy 15
ormng nulti-segmente ilters orm ng n evi ces, ckagi ng,

shi ppi ng, Bt gﬁﬁ%(?of?bi”ﬁ‘é&t?%ﬁ“ﬁoh‘épgbf“av‘ty 930" al? r@%@%ﬁ %ﬁté‘dlg%géiéf?%é‘?f?é’f may

[ mé?' ve dQﬁbi'&d@&W@{N ”t&b%ﬁy@rﬁ}dep@Wsﬁ c{éﬁﬁﬁniﬁ%@?é?ﬂ@%f gl@:@ﬁi@i@;;th{%&ﬁﬁ@%

and/ or porous nmass .| en pped or. o itjive

Mol ri e o el ae T BRah s 26 do i e B pohosr s (Rt SR8 ng
nmet hods rras.yéptaﬂslrtbydecm fuid ct’tﬁ/ﬁtybgﬁar’tst mmdaﬁ@gmltu@hmgoﬁéﬁmaagds trdaMQfSec! R t he
matri x materi a a to,at | east a portjon, of t

Tt X et BT AT CEeroTE REGR SRS HGHAPAGD TP SBEiRg® R Ok Pl JEL after
mechani calgm)nda mom@kwt&slcanti@@rmm cavity; by applying the additives

after |eaving v a n he additives aft cut g; 25

or any conbi na&E%g%hg‘ p!e %psé‘?‘lﬁ? f)op %séa %’6"&756 PPHat ST F@r’ dﬁi@g but

is R_Ot I hbechdiaie, divppionge Eimhli[‘mfm ) yrg«btbtt_ YE&lil glutg, psoal awg;suirplsnsaragm

washi ng, painting ) owerin . i.ng, s pl aci

dust i %% SCSPFWkF ?fbﬂc%ﬁ g%l grs yb%éh’b%h\’éW Bﬂ@ gg FH%?édlt

shoul d be m@&bcﬁdat raama@p@rhty{mgrel e@mﬂies prbutieeﬁ $erat). | The tcaﬂsaies aawdrme

treatrrents i nf. n treatments E‘ dd|t|v 30|n§

| east
partial ly AP “@ﬁ“@ rrp%‘r’?én?“%fcﬁnﬁ‘”é‘“n%t?‘u ePFET 1Ny TSy ¢ gtlo
t her eof . @oenskicht®edni thet et tal tdmdde daen@juch @E’ﬁe tdunstee@hrsmi:msafr ehshoul d
under st and.__t he co cen%ﬁ |0£1 of thef a dl ti,ve % %astf n the
Commost 1 Ser B ERES SHbt APt (e HkS ey 1R OBt R o e
addi ti2#e, samekel helrpoammelmbdstenmrmesm |cras;m»iﬂieshrrtalgrearadgﬁa itwigadcs bmchmuded.
0091] In s |n Wit ditive,m
AN R g LA R o R A T
in the ar twwm *ahcitdsen Behefhinte,of ddms fikes elrasdiresstisotitis rmamdesr@tealadatmaf

ﬁgglhgln:/g; V\’tqmrgaa U wgéﬁ Cpnangm’mpoﬂen ft r}ﬁgwﬁisa%ﬁa%];ga%?t Q%QQX ang the

substance in the capsules.

30 [O0807 One skilled in the art, with the benefit of this disclosure, should
understand that other methods described herein may be altered to produce
porous mass sections, porous masses, and/or porous mass lengths with capsules
thereain. In some embodiments, more than one capsuie may be within a porous

mass section, porous mass, and/or porous mass length.
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5 bonding process, e.g., elevated tenperatures and/or pressures, should be
added after nechani cal bonding. By way of nonlirniting exanple, glass beads
may be arwaddizisvasin the matrix material. Then, after mwezhmréiaabessoONdi ng,
the gl ass beads may be functionalized with other additives |like flavorants

and/or active ¢pBRIYNAS soHl H0B3LineonE QELOALERRLS, @ﬁ&ﬂtﬂ%@&¥@m&heﬂglng
porous nmass sections, porous nesses, and/or porous mass | engths (w apped or

ot her wi se)? ¥ PlehelEing’ PPBRITC BHSS GACHAMH gPPTHEF UHBES BN G/ HePRGWS HAES
appar at UsgsAseaPeReNES deseid B8d,abQaYEns [RRO3LhSorBHeIPadi B, Shi@Wet Nvol ve

oper ably connectl ng porous 15 mass sections, porous masses, and/ or por ous
mass | engt'fitgdappedingr "otiRsr AiisENSt H“Pi‘tlwfeﬁféméthiapﬁr rhbif e rarged e ths .

Sui t ablse fdrlder &\ HhQEn tidrba @&@érta@mw@ymgn&d;mewmm@r@@m»@d)@; hbsid ed to,
those that conprise a section that conprises cavities, other porous masses

pol ypr opy | En@d 19 pg| VM PEIES IMEEyBReF PO RENTIREI B i FHECT 6UaS of

pol yet hyl engoterepit hatisheSpook Wasdpkeard LR 58BDE hadat i%ﬁ?tt%OtO Feteletay
oriented acetates, papers, corrugated papers, concentric filters,

car bonon- t¥R0 8 W&fegné@ﬁ%}%‘?’"l?ﬁt §i“l‘c1"*%“’é*t e@fm?‘é%ﬂ itESCEHpPREITER 81 EvSE;

sal ts, catiglaisd surrsesh, wn £ edrhB@atiby [thirect.| BPiaREmHodirAbACCAay GRRFU €5,
cel | uI ose, cellulosic derivatives, cellul ose acetate, catal ytic converters

i odi néUperft B e (N BIEPS ENPONCRIE, ORIV TRt IREHEES: RUPBDAFSBRr419/PT ber s,

gl ass beadsmrofanepast icless woisti2ive chamber slimbadibhedwienird @t&aﬁrbgmn
cel lul ose acetate tow with Icﬁss t han aboui 1.0 denjer C!oer filament,
cel | ul ose 'HEGAURE: t Wi FACABHBR L6 YelivE Vep‘@ﬁ“‘t‘??é eéra‘ﬁ‘!r REBfS 9y any

conbi nat i gurbhieress. sections, yb&@@é]m:&ﬁ@oﬁﬁd/@m}ﬁimﬁ@m@%& ianddhkteikiles 8ChE ON may

conpri se a space that deflnes a cavity between t filter sections_(one
ecti on i T nE or 61610 s UL ot ForJUg hmSbees Bha 6F  BOF ous

mass Itengtdmtﬁm&ppedemfot lefaMs&RiEY . inT Rige mlimmmyumridahheﬂmw tihstan
addi ti ve, granpul at ed carbon or_ a flfavorant g‘rcav'tg,nqﬁ}\é contain a
Ha g

e.d.,, L )
capsul e, e‘?agj‘g?ie% /GRBISCES EXpstt €TOHrEr ft@e@fff“dé%%t Py Cds ahtY or
catal yst. ;va@agmby;,ngl tﬁhem pabeiismant S pedesah s enbbialine aanmlreeyl ar

oL Nl SRt D26l SSLES CRETLS Lnd e SRR Lo ooV o

2012/ 051548PCT. /[66%@31/;3@;5638;&;;@&@ setyorafdeairhag desitnabbie athavewr the

;gnzal ddl({ﬁ%gﬁ%ﬁé\? g\,g,ﬂgﬁ{ﬂgn@%g beunBOda:! %egéatjung%ncgﬁkt%s{éaslann mt,dt%et obacco

disclosed herein. Examples of suitable components and/or instruments capable
of achieving the desired level of grinding may include, but not be limited to,
lathes, rotary sanders, brushes, polishers, buffers, etchers, scribes, and the like,
or any combination thereof.

25 FOG83] In some embodiments, the porous mass may be machined to be
lighter in weight, if desirad, for example, by drilling cut a portion of the porous
11358,

[0G847 One skilled in the art, with the benefit of this disclosure, should
understand the component and/or instrument configurations necessary o

30 engage porous mass sections, porous masses, and/or porous mass lengths at
various points with the gystems described herein. By way of nonlimiting
example, grinding instruments and/or drilling instruments used while porous
masses are in mold cavities (or porous mass lengths are leaving meld cavities)

should be configured s as not to deleteriously affect the mold cavily.
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should note that if the cavity is insufficiently filled with a chosen
subst ance, in sone enbodinents, this may create a | ack of interaction
bet ween twe 26120Bmja8nent s of the mai nstream snoke and t heC3aissaiansasss n t he

cavity and in the other filter section(s). [ 0095] Sone enbodi nents
may involve opgpakky %ﬁﬂ%‘ﬁg'r{&v s QSS%Q%&”QQQZMQ oB%FéBE"? At fed
sections, porous nmesses

porous nass | engths ?‘b or ot herw se)

(or segmeriPeehifif| 1053 Wr’rﬁﬁd&%‘@ Wi‘]%ég%mﬁﬁbtfbfm?it@“ﬁhéa AEFA nd)°"d n sone

embodi MENtHatcPRf QU TBES, $RAH A0Sy 1RPOLSIRISRS tARHBE rHAT PHSO TRHS:
| engt hs (wrapped or otherw se) (or segmented filters conprising at | east

one of theS f:awé%lﬂﬁ@yew 5 MALY GRG0 T APY DR LREDN. Heairskaareat

subst ance. 1d3u SENBeRRO AL MBNSeatRnSHRKItRE HEMIXC BafBYal CORRY | Insﬁ‘;dR@er%%y mass
sections, porous masses, and/or porous mass | engths (w apped or 15
|L§>£§ﬁ

ot her wi se)1§4: %%ﬁﬁ%ﬁ?%d“ﬁ”lxt @F‘Eert?ér‘?ﬁrri"‘%‘m?@ &Y h 2R YRIPhE" PEIFEY0i ng)

in fluid ocamw ﬁ@@!@d‘@@?&hsﬁﬁ@@@ﬂﬁﬂwe Iﬁ@i%%ﬂﬁﬁ&arﬂ ﬁ@@@nﬂ sﬁ,@t@ﬂlim S, a
snoki ng devi ce may nprise a housing Bera capab of mai ntai ni ng

por ous mas§9% é‘ét’?fi‘fﬁﬁgmﬁ%‘f 6&?%5@%””% ¥ Watﬁbrfﬁu‘:ﬁ“ﬁbégsmﬁ@ﬁ@i’ RECShr h‘bped or

ot her wi se)as(@f fovfORBMHreGk Hhdskaksg@ORMAI SBgrat vhieasdiueBe pirthdre shereegoi ng)
in fl UI d 20 communi cation with a snokeabl e substance. In sonme enbodi nents,

filterttr od0Y | arapiesest PR8I0 684 | bR EEe | BRe #OFQUSt S GG rissaldl oned

filter rodsne@yedavitierOvall eaviteplemeablie thianddQrmighg posahbie, fcbomd he
housi ng used herein, the term"snpkeabl e substance" refers

to a naterchle"égp?éﬁ’?‘léeéff produci ng snmoke when burned or heated. Suitable 25
snokeabl e substanges MaYyerkingl HEe, tbwigmal e h&;psﬂetreﬂma,cﬁ abaeeosi1 J. ,

bright leaf toba iental tobacco, ish tob cco ndj sh bacco,
cor 0o t SRRkl Eoun (5 FabRt et teatiR e Al SERE SuerarEadh LaABr o

bur | eyist olBeaier fi1mee alvved rhabacaaterButd eyid QE@@@QiMr vlaach tebacaos
Vrglnlatoq rbon ed or

acco;, teas; mo
Unorgan ¢ IRTRTET hegganB T of L3y PaohEomD] AaT o CREredi ToBatEy My
have the frogmref \tvmhmcsag rhalgn fa@ﬁy Nt e thdel esudaar mgu pﬁ%@@;sse?tef@ae@o ]
stens, reconstitu t cco filler anded tobacco filler, or the
L he TondBaganals ehE A ot Bk ok aisfe YT aEY SRMCES oSy 30S Mushurdth- the
United St atwswerptycm@rya bmgrmmawwmgreksdemt i pasautishaesitdaenbinhiedorSt at es.
[ 0097]..In sonme enb a. snok abI ta be. in a colum
om0 0. 5700 SRR IER Sniedir” TR S0 B! M oFtRhe BF it oRut By a8t urm-
refers to iéshg&hbmrtm redid ttabiae aa 2 gai thseiptddoanal /by dotdted Hyngtiedi eats and
flavorants tha be conbi ned, t duce a.tqgbac based ke bl
ariiol o 5 suchoBBYA  droRiet ranpr R eRGE S e G Ba i Tt W Ebacco
col um rrawo@mqmreh&e oifn@aﬁzed{vs&ams sediect m@ba‘ramt haisgoutp heons) stAsngb@i
t obacco, Cros bxo ugar., .inv, sugar r._high
o oar ooy JEh, LRE R Sl A Gl Al WAL sk VERE BN 9BE I RT0 Nelle ¢
car ob 2Asearengiusesnd @i&f‘i‘bdﬁ)"ﬂb&&;’ma@(mﬁf&m@’, maimd@auwmmmmmaterbm;rtgh@mbcnf usdrn still
ot her enbodlrrgnr;ts hetotp §co Cﬁl% (% furgth [. CO rﬂlseflav rants
aromas, nenthél"® Iqa(?%rf%ae SExtr &6t Par Sﬁ?Eﬁ %h tﬁhaf S o |
hydr oxi de,segpdn@anymeondsinimat setpotiter mévadslmg saohﬁcanimedufrrémwest abdcsoy
col urms MY &N racgnsﬁﬁergendg\g?%ka Cgrﬁ?r%?%y&gp%dr%g?% ﬁudé Ot‘p% 2§ qliim;igd may

COFI’pI’I se at Ieas‘t one
to, variable transformers, ohmmeters, programmable logic controllers, digital

30 logic circuits, electrical relays, computers, virtual reality systems, or any
combination thereof. Suitable system and/or apparatus components that may
be operably connected o a control system may include, but not be limited o,
hoppers, heating elements, cooling elements, cutters, mixers, paper feeders,
release feaders, release convayors, rollers, mold cavity conveyors, Convayors,

35  ejectors, liguid jets, air jets, rams, chutes, extruders, injectors, matrix material
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[ 0098] Suitable housings may include, but not be limted to, cigarettes, 15
cigarette holders, cigars, cigar holders, pipes, water pipes, hookahs,
el ect r oniwonkisnggsdevi ces, roll-your-own cigarettes, r@CrAgeou1A68S Ci gars,
papers, or any conbi nation thereof. [ 0099] Packagi ng porous nass

SECt'0”51i@@ﬁ@@sqﬂﬁ§é§5an@&ﬁé%&epgf%H?cﬁﬁﬁﬁn&ﬁﬁgﬁﬁ§eéwwﬁﬂﬁﬁQkPBerﬁéf“ﬂSe)
may i nclude, but “not be |imted acin in trays or boxes or

prot ect i véh@bsyalieAs §ndé>rgaiﬁpqrﬁagﬁ§%t6§ﬁ§¢i@a%d| {peipie dNEBrhaysc KGR nigeanane

transportuﬁ&m%ﬁQﬁﬁé&ﬂ@mftéﬁﬁﬁeﬁ9&§wmhanyruhﬁééﬂﬂfddhéﬁﬂ@%&@”bOd'”Ents the
present invention %FOVI I'ters and/or snoking devices with

fi
filters that céRB® geéjr}?o%@tﬁﬂpi?a@? %"éct’\"“@n@e HOEHL ST eis SBRTOSYRY BIOWbr ous

mass | engt hsietweAPRed &Eer@h!ﬁ'ﬁjé@bﬁ@} of THR: RaBKuZ2ofbnbeLAchitRgesktdnpack, a
sl i de-and-she. 11 pac a har a soft_cup pack, a plastic bag, or

any ot her Wr/?%BP%‘ﬁrﬁ%&?%‘?ﬁﬁ@%‘f%ger@’h s%hﬁ‘aé'n@coﬂ?'h‘ﬁﬂ%@g PHREPECKEI Y have

an outer Wﬁ@ﬂ@hﬁﬂrn§WQRzaﬁnﬁcﬂﬂkﬁﬁrQ@MJQﬁ@r@&@@ﬁ%ﬁum&@dwﬁﬂhl@ﬂ@'#%t@xtear
tab. In sone enbodi nents, the filters and/or snoking devices may be seal ed

as a bundl'8a{eng E]%mﬁ”ﬁ%‘tﬂa”%%%ﬁ@? éﬁ“Wé’f??'*é’SﬁPaWﬁWé’VWfaiW 30HHNET i8Y s

and/ or snokingr AeMiiBemg EQImEesaARRbe; wiihidirs HRA\E be HEMRMRINged DURNdbRaERY
include a single filter and/or snoking device, in sone enbodi nents, such as
excl usi®ve Wi@P8Y- and/ or snoki ng devi ce enbodi nents |ike those for

i ndi vidual sal gopenia soidd emmRehentss rRki mgod@mefeom@tegn@ o secsfic
spice, like vanil]la, clove, or cinnanmn. | n_sone enbodi nents,

the preserdf@invERtPSh PPANHEIERE Lart 60 0 fpoé?fﬁklrﬂﬁgsdé%nﬁgsp%‘@pﬁ ab’

i ncludes ajthb@asd). OMRLIRREK r@ﬁthémk@mmelgvmg&nkm ingl vetese atmlteast, one
snoki ng devi ce w ter

( mented or qtherw t conpri ses
o ous o s Moo reses MGk G e ot Thacet Rieh S eardpped or
ot her wiss e)forrhimgSONR:- g@@ﬁdhﬂmrﬁwers; Rentad ok Gevicds, GRkading) shibasigt he
physi cal |npgg to co aln the wei ght fromthe packs of snoking devices.
This may be ¢ dﬁﬁ%@ﬁ%%%ﬁ P¥ugh thi cker cardstock being used to formthe
carton or stro@gem}adIse}ma/e@nbeﬁmgarm@edwatyo sbvmda, etiepmgt snafixt hesteaskpn.
10[ 0102] Sone enbodi nents nag i nvol ve Shl Q§~§orousgnas% secth%f por ous
masses, antf oY PHroEs s HOENYt ﬁ?sf“%'/‘éra?&f} BPTO0t R&d i '§BY TS S4TaPRST BUs mass

sections, QbEEUSITASSESH aamlz‘\m posrousitinasscdnerngs e dwmedrmmurmsMw se)

b d t t f fi
Dott aiﬁ'@@%ﬂ%%ﬁwﬁ%ﬁ@ st Dol RSP, Bl bk bEr Byl B ieftitne ®
Eonbi/ nﬁ.tl Qhe]&ddm\earseon*{) théslhh@iralxngwamyaabezpybmparymgwéhé rageikciveal tropﬁfgmﬁast at
OatS|, n_O | hall On reor , U nn\S e odl nent s
ot o R FEAT SROGT Be mserastitBosendide” B R e R e or
ot herw se)adaja:weiaam;aamhdmmil homding whige frange robldabouty; 402webolvatiptte 90%

In sone e Lnent or.ous, mass, 20 sections,, por us sses and/ or _porous
mass | engthe (e alBad ar N8t Har i S Ay Har K001 YONIRe SFoabtur980% t o
about;Eﬁgﬁenahyammnmeaﬁ@dtmaeﬁﬁ upﬁnohﬁ@m&saﬁs&atapm$w@pemodssdnSSESﬁtand/or

por ous nass th apped or ot herw ne.of about
P00 o abait ahey Uaribe BTt g ake HRkelr Efe ey MaPh b8 ol or
t he space ctQakaegl, thovdrnqetizviegpaptachespiadbg, {{0404] shankligte rafiixrieg vand

vol une, altho

bel i eved fﬂyt 23?9ﬂ0¥$“ﬁfngt%%ﬁ %ftgﬁﬁﬁfpggp?dﬁﬁgﬁkvnﬁ!ﬁfﬁﬁﬁﬁf ﬁ?e mas

driven alnmskﬁemhmeQHy bmﬁhbetﬂmﬁnﬂﬁt@aﬁfmméwtﬁﬁhﬂ@ﬂ&hewsmadﬁeommnpved by

the b"‘%dlermgtﬁ‘fjgra%&?%t Sst np%rts F gedr ggmg df‘)th&é ealmcaléal‘fgtri’sgt%na h(%lr ngOI d

vol une S contex I'S Ca at e e space f emai’ni ng after
combination ihereaaf One %ksiﬁed in the art with the benefit of this disclosure

should understand the concentration of the additive will depend at least on the
compaosition of the additive, the size of the additive, the purpose of the additive,

and the point in the process in which the additive is included.
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30 accounting for the active particles. To determ ne void volunme, first
the upper and | ower dianeters based on the nmesh size were averaged for the
active pawoi2ei2sis4and t hen the vol ume was cal cul at ed (agsunisegiasespheri cal
shape based on that averaged di aneter) using the density of the active

material . Thenfe&m}p%C%@g@mﬁeaﬁné&%ura%p!rﬁg %H?Lﬂrﬁta%@at@% ffﬁix;l qy&ur% WO
2012/ 051548PCT/'US2011/ 056388 Voi d[ (porous mass vol une, aé, (ght of

active parisferReduripgl @rgior agay /Madnsically dendtHy i |mv%”f5aWF% P/ cnB) |

* 100 (%NsiTIRA QUSHhEBSS WiBh WB, n&iBit of this[A3Qs8durkNsieRie &ﬁ%@ﬁhﬂ@%@t
porous mass sections, porous masses, and/or porous nmass | engths E)ped or

ot her wi se)dqwqf?a\%’cérfj@ﬁé%s‘mﬂé‘fﬁé’d Of)raé§ Sirervird pieess) by ﬁh%‘- H’éeq'@ﬁ‘g‘@
about 6. 1G,dr@iPekkezd SN efcvibdElePeraliet eRALR ;959@@@@&&0@%% alila$One

enbodi ments, porous mass sections, porous. nmasses, and/ or porous mass
| engt hs ( ?ﬁbp‘@@d&” G RePRinge) mea%mﬁﬁﬂ@p@ ﬁ‘*ﬁ”ﬁiﬂ% 9laky@eeds aouRe 0. 10

to about I gwyelevatioe RBHMAenat hTedn, p&ﬁ@“ﬁ}e@”ﬁéﬁeai' BorePiE erbedbaent s,
porous mAssS sections, porous masses, and/or porous mass | engths (w apped or

ot her wi se) SRy TRaX @earfU BB G1izeth sl ?thf‘ﬁ Witéﬁédtk‘“?“?ﬁﬁ%?“\/\%ﬁ%i?” FEFVHmM
| engt h of d@aﬁmdgass (or no greater than 7 mm of water per nm |l ength of
por ous nass). sone enbodi nents Or ous nmass sections,

106] In
por ous Cmasses, [ARERdr Sﬁﬁ%ﬁ@bﬁﬁ%‘fﬂtéﬁ@fﬁg’vﬁﬁ%ﬁ “%POBQ%W%é§*CtHﬁ? have
an active mﬁb&g elRsbnadidngr Q&m@ts rh@@ﬁen@b@ugwrépﬁ@ﬁ @metiv?erﬂ@i’m‘ﬂfttﬁ i 4

ng/ mm 5 15 9 10 /mm 11 ng/ mm
12 ng/ mm H;@&m Gigf‘g{ﬁiﬁ/ rfﬁf‘uggs rF@Pﬁ‘?n n%éhngi%/ rﬁ‘?ggf?ij H%ﬁg?%%“%ﬁ%ﬁ 19
ng/ mm 20 d@éﬁmd 35@\,@/ nm 22 ng/mm 23 ng/ mm 24 rrg/ mnm or 25 nmg/mn in

conbi nati on vvigh %3 PD of | ess..than about Wg ter or .|l ess g mm of
| ength, 19 mm PoRad erogie |e§%%ﬂ%@?“?ﬁn%?‘f &Y, Oﬂféa b HANSFUNREYCBY | ess
perI nmmpsof ;h@mtd@]gtafliﬂs rrﬁ?]m‘uiwaﬁﬁse?r angss @@r?mmésé e@gjthfs @x@raﬁﬁﬁﬁ@f ﬁfat er f
or less per, mm.of |epgth, M of water or |ess per mmof length,, nmm o
St oror 1Tl (R kel ek A BE. DS uoIR PRE M Al W tads T 05
Irnrn of hwat eﬁa\prndixﬁ:&‘@ meern@mlkequak@wgi thodd tian @h;}p@eea’ s@c,ft]icdneis‘ﬁit pempm@}‘

engt ter or |less per , mm o ter .25 or | ess
Ler It of Gumsen ot hodhs B ol e A BREoh, POV EkTB ot or - or
| ess per lrnniyqfrobﬁ@gé htow, r;am@ﬁhwaheerteﬂ:rpwhi&ssteagrpam’nu@;fieh@ﬁgtd@;htﬁaim@sof

wat er _Qr es er or

of walll g TR AR TGP SORHOBr U o858 ar Amf 8ol lengt b
or 1 nmm ofornadver sitta,l esgnpaurmmaiiodtel englites, 3i8A07 sByeyvayaiof, exanplse, in

sone errbod(;@r(gﬁjl?_;[_}s?hi%%([jgusnyr{gg’s flavorants, tobacco, capsules, cellulose, celiuiosic

derivatives, cellulose acetate, catalytic converters, icdine pentoxide, coarse

powders, carbon particles, carbon fibers, fibers, glass beads, nanoparticlies, void

25  chambers, baffled void chambers, celiulose acetate tow with less than about 10

denier per filament, cellulose acetate tow with about 10 denier per filament or

greater, or any cembination thereof,

(08847 In some embodiments, a filter section may comprise a space

that defines a cavily between two filter sections {one sectien including porous

30 mass sections, porous masses, and/or porous mass lengths (wrapped or

ctherwisa}). The cavity may be filled with an additive, e.g., granulated carbon

or a flavorant. The cavity may contain a capsule, e.g., a polymeric capsule, that

itself contains a flavorant or catalyst. The cavity, in some embodiments, may

also contain a molecular sieve that reacts with selected components in the

35 smoke to remove or reduce the concentration of the components without



sections, porous masses, and/or porous mass | engths (wapped or otherw se)
may have an active particle |loading of at | east about 1 ng/mm and an EPD of
about 20 wmn2of2/0sa348r or | ess per mm of |ength. |n other Perhisdéimosd3ss t he

porous nmass may have an active particle |oading of at |east about 1 ng/nm

and an EP%CQ/E:‘S@RPU&W&Q;H@“&Jﬂ;r‘é@ﬂeerﬁa@br| B8 REEnAMLPT teNghBie WL LI A1 t he
active particle is not carbon. In other enbodinents, the gorous mass nay

have an actTVeiparti B1%ec@6prai My c4r BOR<W R a0 Iagﬁﬁiﬁﬁéi PveEnt-edshe 6

g/ mmin %@a@gldqﬁéﬂeoﬂwa\ﬁﬂﬁt fhe@Ba ERD: sOfhs 9 cmuofrid@t §fih o ch@2h ARstdAROfn
| engt h. [0108] In some enbodi nents, porous nMBSS sections, porous

masses, ard/ st %P%@@%@s thisngeds ¢HREppedask BF heksipeEn n%%}t‘”%‘éneﬁ%ctl ve
at t he sr ervalorRhtLOMPRNERSLEEOMBIRKEnd tRd < 0RAIRLIn thBQSeit) BnkiNg thd Sti ng
herein. Porous nmass sections, porous nasses, and/or porous nass |engths
(wr apped GO ISEHEEHPRE): may be used to reduce the delivery of certain

tobacco snmpke ¢oupeneRriumhd am@elrptehy tieitile Bevay BhnbaMd fhbiddile
exanpl e, a porous rrass where activated carbon is used as the active

particles %‘&ﬁW@% 8d PP e RS BREIUSH | RREPYS o881t a8 1Y PORRIEES sWERD
conponent Sed&hk @wehspdiebowtHR i WHQLF esaiERREat It08 SombRRiINgOAPRASNE S BRY

include, but not be limted to, 15 acetal dehyde, acrol ein, benzene,

benzo[iél] pﬁ‘erf@‘“egf‘@%u%%&?@ﬁ‘eﬁmﬁﬂﬁ‘“‘f%}t?rafi’%l’é?ﬁ dEdﬁ’st?‘%iﬁ’é‘sﬂﬁ%@%e’BF?*@ﬁs
porous nBsHERBer ALY AOEDOUSHITRS S(W1@BEEN Sor( WHRRPEEh) O 00tsheeheR) Malh
activated carbon ma reduce E t al es in a sfm)ke streamb ab ut 3.0%
to about ECENE M &igt ANBPT S FJ&@H&@ M L5 8. TR ISATINENERE S 18 an by
about 7. S%ﬁ&ﬁaw;uw%d@n k;e@gstnfé @hb@@ﬁ%a,&@ sHR&Sig benzem;eay Bopsedke
stream by about 5% to about 8. 0% nm | e h of porous ben@ Pr%pyr ene

ina srmké”é?‘ﬁ%ﬁ}ﬂsﬁfea’%iﬁ PST R F@b%%lﬁ” O mfesﬁg‘t*ﬁg %‘6?6

1, 3- butsadlgﬁﬁe;w;ﬁe)a(osra;egmeetéceﬁ:aer’excoammnglaﬁ%ﬁom@@ﬂﬁhe&e@@mm\I iaFghd of
por ous nass; % snoke stream (}/ %g 0% t o about

11. 0% nm |fé’r‘iﬂq?H‘"”8‘Ft‘%%%iu éﬁ%@aﬁ’iﬁ SERBYRER- 28 SEXAmpIT RO HeT das 2 mysding
sections, ms@umameeraseaed%wssrlsgproeu@t:nms.spah&eegifhma(mesap@eﬁoﬂrusomtaegvvi se)
where an ion_exchange resin is %l}sed as the actelgvg Egrtl cl C be. u§ed to

reduce theSHEPTRENYCHT CRFES ATVONREEUS R NEHE Od'e? Wite
r ecormendabr og@md:m?soﬁeemm;mm’t@ atpEpUSoNASSt Jeet FOrgoinpdr ougiummsses,

and/ or,_por ous nmss n W a or 30 ot herw se ap,ion exchange
osi n 2y CETIRRESuRE PRy EaRE wOEiae  J e By eRNLE s B5E B Shout

' 7. 0% mm |ietegs hfiakr metﬂ@kﬁs n@e&smne@rﬁut@en anﬂ/@ sen:E@esit tiramrbys aheytb. 0% t o
about 6.5% mm | Epgt ofeohg(})r ous rra?s %%Ef de in a snoke stream by
about 9. 0985 VABEuf AL B TR P EH T AP BT Ool B [0109] There may
be any wei ght r{ﬂﬁ‘%}of;&gaoi&d@ae@nl itied %rmo“mmmi@anbs@heﬁ refethecnat ri x

material. |n Me_en di the mat,ri x jateri rlseatlve
ot cres TR R SRR i ol yciie ARl (i Ree (B EaRe esfBE o, 10
w % 2% V\ﬁ%ei@@bw %bsS@wa\MS%a‘ﬁﬁha\Mc% art néh hat Bhodd tm;etcﬁf)amaisr iexXg.matieghtal to
an upper I

abaut W % % f the matrl X
ot o sl i alseRy et e Sor kb kot Seutadh ke F Gy
| ower |1 mtbba@oamymlixpmehsadcmwe:;@mn:itcﬁm:omrpm«aambasmdosaemate beriey hebaween. in
sone enbodj nent nat erial i,,nd |cI es in an
anount ragr! ji'@n{(jur?lf:j mb HfQOV\E/EélF ey”?é?arg(? EV%H%E &@”[’\%% C% \I{E%f %% %gbr 25
W % of t hehembg; rwrbmastecﬁ calpyt@yaml uppeendrites ﬂmajambﬁlirbr @Bnm%ntQSDN\e% 90
wt % 7‘% Wt b@gevyi %hﬁ?%@ T/(gbd%&) \{%a? hdql t%% %@%oqft égccqualnrrﬁe ;Waé sEEg and
wher eini t e &N hder | '65 Scan range Trom an ower
any upper fbrm ﬁﬁr@ﬂﬁ@hctomﬁassstaw, setsetitutheriebetasetiter, voiume expaﬁded
tobacco filler, or the like. Tobacco, and other grown smokeable substances, may
be grown in the United States, or may be grown in a jurisdiction outside the

United States.
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[0110] The active particles may be any material adapted to enhance 15 snoke
fl owi ng thereover. Adapted to enhance snoke flow ng thereover refers to any
mat eri al wbabiz@ns48enove, reduce, or add conmponents to &CIrusk@19s4638&am The
renoval or reduction (or addition) may be selective. By way of exanple, in

the snoke st re%ﬁb@é'ﬁ??mlﬁ &irﬂ@r&%@daﬁ%ﬁ@%nﬁﬁci@e‘%ﬁb %%b&t'&%@ r%Bfi’_Vma below in
the follow ng listin be selectivel'y removed or reduced his table is

20 avai | ablc&ips ofﬁffrﬂﬁg @gs aFRage Sobratt BF o[F6E RETRIAI NG tarsttdpcce
Har nf ul / Poleanthal-bae s il pieansdd Ed{';%@&§ hsﬁl’i Tokasses Beodugisedibne! Mk ng

Tobacco Snpke; any abbreviations in the below |isting are wel|-known
cheni cal s fayofags é?iit MRy RSoFRM AR AP MEPRUCS § ﬁ%baéé?lt@ée%émqk@f‘@erﬁydﬁeduce

or rengve f@ih I@%h&ﬂ@u@m ent 1selacd edhibhoRie vhd séidige QbigeARARENt S i N
snoke bel ow, incl uding conbi nati on thereof. Snoke stream conponents

may i ncl ud@msie “ﬁ%‘”tedtf‘é‘t$ Fﬁ‘ﬁ?@& T the S o R shyRie ndadle AR de, SuEtEHE!
acrol ei n, ACEWradl, dfowdCsadNidve Qugaaf bathogﬂ ﬂ*uBtolse &rATG,AeD] pReAYERe

1-am nonapht hal ene 2 ar ni nonapht hal ene, a, amoni um salts
anabasi ne,3'%vht AHFHE . IR %?‘Eﬂan%mda?iéeﬁﬁ%?b ?\@58'* BUMFeRZ{W) bFihesters;

benz[ b] f | ugicoan} hertinfprRAZIMEaNt M ¥HieneheSOmBeRRb&tE] tar eantbenrsiurmenzene,
benzo[ cl phenant hr ene, ber L 1ium

benzo&ggfurah benzo[ a %ﬂ rene,
1,3-b adﬁEﬁvéfoEi’afff’y‘r%ﬂ‘ %%V”é%n?{j}ﬁ‘dseé?‘%ﬁ‘i%’ dEpEce ReFEdn diRamBRNHE
cat echoi , ;ﬂmsphdat@at@ﬁrrﬁiﬂ@)?h na%eﬁr@mw a0 uhinbelutyseheareeobakd , scegumarin,
3 o [SUBNIRRRES i T B enr S B AR e
S’SS' benfo(tﬁiﬁ&)@aidﬂﬁgi gacqa &ﬁﬂ@ﬁ&ea&ﬁkwr@meb@da?hwj@sbmem pyr enteh | o t

i benzo[ a,i]py i_ben rene ine, e car barnate
(ur et hane) , ﬁ§?§§%zéwg b be @ﬁ?d@~ugﬁggﬁd%ﬁ ‘0¢Wﬁﬁﬁ§ﬂyﬂé arglifan,

glg Pill[519|ds!gal?e?2:e Hyeksraz brR@rs, hygiogsitesy ambae, whyd Hagidl mebRahs, eiectahomc o
i ndeno P u met et hy
ot onol Ll B ERS ol S T e e S R s oS AR T B B e
(NNK) ,  4- (doethiydtrdrt fresedfl no) - 1- (3-pyridyl)-1-butanol (NNAL), naphthalene,
ni ckel, nicoti trate, nitric oxide, itrogen oxide, nitri
 Crebenpene. | BPOLERHGIA Boifs Bar e s Mo e DA En e haRRys
N-nitr Osodhetihiaﬁgl'&n@\ﬂeppéd\lBEbﬂr)erwNe) may include, but not be limited to, placing

R SRR R SRR ALl oty e o

N- ni t r osonichigiot iane transporting cigarette ﬁiter rods.

(NNN) , N- ni t r osqpi [ |ne Pl P)., N- ni pyrrol.i dlne NPY

ni t r ososar cosi 2@6%@2\R &Hﬂ éﬁfj i BI %ﬁ ‘%/f g%tOE(‘V%ﬁ(H} PS \’chgl';)e‘ﬁ pack of

pr opi onal dﬁiteyslendmroqmdsieng cﬁa)«icée Wity filcdisngnat @unmalbem@grme;smass; Bottions,

sel eni um rene, tar -t ol ui di ne, urani um 235

(radi o1 stoRe MepstSumngdol R 9B KoM Gueshl Promg i ader L PAOK
chl orie, rang tany idogbiidapdcan & hidfeofid-shall pack, & hard cup pack, a soft cup
pack, a plastic bag, or any other suitable pack container. In some embodiments,
the packs may have an outer wrapping, such as a polypropylene wrapper, and
optionally a tear tab. In some embodiments, the fiiters and/or smoking devices
may be sealed as a bundle inside a pack. A bundle may contain a number of
30 filters and/or smoking devices, for example, 20 or more. However, a bundle
may include a single filter and/or smoking device, in some embodiments, such
as exclusive filter and/or smoking device embodiments like those for individual
sale, or g filter and/or smoking device comprising a specific spice, like vanilla,

clove, or cinnamon.
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[0111] One exanple of an active material is activated carbon (or activated
charcoal or active coal). The activated carbon may be | ow activity (about
50% t o abwoto0i2Bx3Ba: adsorption) or high activity (abouCTAISGoos&@B®OUt 20
95% CCl 4 adsorption) or a conbination of both. In sonme enbodi nents, the
active carbon @@m@g @ﬁ@%ﬁﬁ?@h%dﬁﬁéﬂ@nt%g%s‘éhgmv%#a%@n%%@@ﬁi@?%ﬁcé}%}?tUbes
of any nunber of , carbon nanohor ns nboo- | i ke carbon

nanost r uctBrERKIUPPYEe ReskaHE I e rleleagyPary 8Rs O AREKGLiM&RS thAk! udi ng

few layer igriaphepei-and; xtAbeRd HARNNE « DM BNaRBNRStQf cobghriREer i al s
i nclude ion exchange 25 resins, desiccants, silicates, nolecular sieves,

silica gel'§at et et dP U Hass ZE@SF‘??%SPO’E%’F’I Ftdéﬁ'ef’seﬁ“‘éﬂwtfé@m%l Tap® s

Earth, Jnagaﬁ@h@nq( B@@t& mim@haileepxwﬁaméx@ gmmamrthXW@ c@ﬁ@nl (@@ oxi de
nanoparticles |i out 12 nm Fe304), nanoparticles (

nanopart|éP@E“F?@ehﬁbﬁﬁfgﬁMmgﬁlVﬁﬁ@“ﬁEVEFcﬁﬁﬁbg“héﬁﬁﬁﬁr?P@I§§*P9R%38fun1na

magneti c, s@@di@«ﬁ@%@k’eg and &Q?%&é&%ﬂ%ﬁb&%hﬂﬁ@p%&kéﬂ ét:ﬁ*dlsﬂoléﬁ 0ng
gadollnlun1OX|d various crystal structures of iron oxide |ike hematite

and magnetysee, to ‘%‘u’d@ Wé‘n%%%@ SAA9Eh AP Y et BRiES ‘Pﬁ%‘e"CGBW@) eaensha’
core- shel&haqgn@nlonated nanoparticles |like gold and silver nanoshells,
oni onated iron _gxide, and other nanoparticles or mcroparticles with an

outer Ehel | of Qﬁ?zgf5§§FﬂeW§P€Fn%F§Y“%hﬁ“&hﬁf%BW%F%éPﬁBﬁ‘E@S%H%jFBPe90|ng

(i ncl udi ngscasid \lﬁé@@scéhbﬂﬂ) potdus3hsROUkHglre (Wipdet hat orenropant | cles
i ncl ude nanor ods, nanospheres, nanorices

nanowi r es, FRARYS IEI58 CRFREHamEl 74 HBESHTd TR R RHS AL3SSHEMPI6W (4RBRYS AEt ur es,

hybri d nan@séfued URRS Eﬁé‘lé'@; iafiQiduas, Qs a&ﬂ)fe%sﬂ”léﬁﬂﬂ&bhlcﬁl fﬂ@ergoﬁﬁeﬁti@@bta@ one"
and non- nano gartlcles Wi nanQ- coa s or nano-thic k wal | s |t should be

further ndt%d®t PitSMAABH ‘%V‘f@lseé“upﬁéﬁ%d EHEO: u‘ﬁ‘cF‘”iab?’raPT 784 @%@PF%& ves
of nana@partheedoes | BeibprigNgnaPube NBY  biam,t etickp, aiRBiBOparidacisem, t bat amave
been functlo allzed co | ently and/or non-covalently, e.g., pi-stacking,
physi sor pti°8HFEH eg @bC|at|on van der Waal s association, and the |ike.
Sui tabl e funct lgom&mgﬁ@tmnmynﬂdmhud@ radbuNetashesdctiohs egotons MEsRk| es

conprisin ), amd arboxylic acids, alde des

ot bnes. | o lphar S sa T Ehofie (BT Bk oF e e i Bt el SRS Ehr bons,
aromat i ¢ hydriaeae onshovandicany o $El o tgbefeeemboﬁmhmﬁer $§')rcﬂhednam ng
agents _|ike ethylenedianine tetraacetate, die ﬁ ﬁtrlanlne entaace%

aci d, “tri giyegHy a?FﬁrSU%éF%Fseaan”‘é’%t9%89%?‘38%%8 S Ry RPEYrFoPeeriig) and
any conbi naay oave fwt}@dfvoigﬁuﬂdﬂ e&maatt @Poupabﬁmy %nhanaesdmw&iodoﬁe;smpke
conponents_and/ or_en orat| nano artlc es gnto or ous
et on REEHG RS RRTTE TRe TR ersy B leiop e a Baey R e R BRbone,
such as stothenasdai Mamydavb@nﬁﬁ@weit(ﬁﬁl\/&) ab@paopaen, ab&ot 35% esgid volume is

nme. t hacryl rmal dehyde .condensat hl orohydrin am ne

h
Condoneat o0 Tike AUERM T SRR B ARMAE FrHehRet e h A o RN A B b
attacl¥d to t h@apok&grrsn dmackbione.cid noisone admbodh mentvshitder 2O Hadtddviey
t I t s .
Pbodi monta? FRECHRT BIe Hobd® heYRyHR: BEvRtFeRRRE SofTtne T MfEpine of
sonme errbocthmmtm,:reawaacdnm pmaatoérmrmybycmh@rausieeaiartaeiastthmm&helseaﬁnt

sel ected fr %? S?TE ugiﬂ% %é iac\{e“; ar tr%&?'c%ma :,i?ecc{ %‘“etg*ﬁ‘ih“%jg “at;fi) e Ysr{]%m d be

noted that” used " gene er m ‘es in a
list. In smndavﬁﬁ.emmm W&mtcsntfkt}essammwaepawasedl @s tiog epsonbemethivg tfteat

| east 3%”6 gckg&/&rir%n%dr the active particles. To determine void volume, first the upper
and lower diameters based on the mesh size were averaged for the active
particies, and then the volume was calculated {(assuming a spherical shape
based on that averaged diameter) using the density of the active material,

Then, the percentage void volume is calculated as follows:
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[0112] Suitable active particles may have at |east one di mension of about

| ess than one nanorneter, such as graphene, to as large as a particle

havi ng a woanmetsi54ef about 5000 microns. Active particl @sTrsgomaness f rom a
|l ower size limt in at |east one dinension of about: 0.1 nanorneters, 0,5

30 nanornet efgjg 1 nanorri e{@forok0mRan ObRelE£r$n’) 10Oy 8aRONRE QLS ppfles,

nanonet ers, \Afmh&ron -5 M Cr ons /(4k0sil} 6f ASact ;JB:@JEE@QngJ&Q)E"*Clr@nS 150
m crons, 20Qep] erons, and 250 M Crons. ,Jligs acdds AR PAETERF €S TRy Tange Trom

an upper size limt in at |east one di rrenS| on of about: 5000 mcrons, 2000
m crons, 1000 nmicrons, 900 microns, 700 microns, 500 mcrons, 400 m crons,
3QO m crons, 3593854 éﬁo‘%%m ?@d?(%ﬁ”é%%s POTBEP ﬁ?%ﬁo?%tioﬁﬁopﬁﬁ%iﬁdﬁéswfyo

m crons, %d%ﬁb&%s AR é@gt?@ﬂﬁ%g% Sr ARYr vﬁ@éﬁh‘n@ﬂtﬂa@@ o eh&%@;\ﬁ[ﬂa'téé“ ts

and upper linmts above nay be suita for use int resent invention,
wher ei n t HEes@rected (FEWY ﬁi‘lﬁi"%l‘”ﬁ@g? &f ghedt &r 14 harkbeHe 2§eﬂ‘*é’&@éd"%¥%|@ﬁﬁm

size. 5N SRR &PRULMBREN R8s ackh R nRaldnhitd BSaRBY Reods hXdUEeciins,
particle sizes ranging fromthe above lower 5 and upper lints. |n sone

enbodi mentRO¥hESFee PIY/ PhECHRS TESHANIes 69 IRRPIY Bﬁle?‘ﬁﬁéélmay have

[0113] Theybimdan tRarbhed F aHBY: DE AR Bttt 8blemt SreksmplRsthe Ringdets
particles. In one embodiment, the binder particles exhibit virtually no

flow at i tROFASY (TARG- t SRPOER GFECTTRPRISTERARY S MHEE 19CHP T hBRr ARkt ed to

its meltingdlor bSBNEMMrien@rbifiidSpdd 4t bRk 80RO NGB EmWof B@é@rz al's
neet i n% these criteria include, but are not limted to, ultrahigh nolecular
wei ght poI‘?e@tWIi e’né“‘m\fgr‘ﬁ‘jatﬁfd’ﬁ‘”r%%@@ﬁm vié’lotj‘P‘Hg %Fv}éf’h?‘?e@f@at% ‘@ﬁn 7

nol ecul ar MR wamlpﬁemwg@i@h @@@rmlag tions thereof. In one enbodi nent,
t he bi nder pargl cl e have a nelt flow i ndex (MFI, ASTM D1238) of |ess than

or equal to ab th§ Iﬁ/&t‘ﬁ‘ﬁ FIHOHYEETS1 POSAE THSREICHP BT UB-B2856g/ 10 n

at 190C anghdlbr u%hﬁa@ni@h@@i’% (mgﬁudranbahetrmeplrﬂWhaméhla@h% phaus: a melt
fl ow i nde %I\/FI | ess than or equa about@% /IOm n at 190C and 15
Kg (or abgﬁ digg @fét $FDAPA At MY FE aﬁd""‘-ig“%ﬁ “e’*”“ex%ﬁ%ﬂ BBf © SURAE

mat er i@l i bythra, hy gdaghahecsl aig/wek,gbt rpohyel hyl erHHM&PEn@m;rnc;hi;has no
polymer flow, Ml of about O, at 20 190C and 15 an, MFl of about
0-1.0 at 198G End 157Ky ™ atiot R et &t i 4P/ Ty %%%@«mmm bh eI Bl

wei ght polrysgxrhml ene, mMﬂMﬂPEzc( thgﬂhrrﬁ&yl hag/eﬂval 52 lrﬁg,trhm rangegahm, f o4

exanpl e, about 0- /10m n a 190C and g cul ar _wei ght

A Tyot oyl SR ENEIEE (AT On ey EOHONM B o EPP” leSu AP g a1 6t 3

g/l Om n atwdePCrand A& Kag) afli@wgsanegzvﬁm emwrnamte&s detr rﬁﬁ}YQﬁ)@n@U@f esr abl e

to us amxtu f bi der artlcltgs? ving diff rmlecular wei ght s
o Phdeeal Tend®, 17 oot fiotee Phr

and/ o d| fTer & i tOr FowPrh T4 st FrbIBEL
wei ght, " uktgi@; hisghmmel e\caﬂérabr mqﬁtr per wetdmltsenes s disedidregrelets pefers to
pol yet hyl ene co i tions t h. wei ght - avera € cu of at |east
oot 3 x MO AR G et SHrath At oY of RBaHo! Lamher B BFS t he
ul tra- hi grpermhemﬂ Eangmelighﬁmp@f yatdrydrenss p@m@mmﬂ@@tm,smetm&ﬁmabnut 3 X
: 106 g/ nol, and about or between abo rn | and
about 20 HeS0EGR RO et ek EER BT o BSABE GG R =B AT 0 205
o/ mol ,250r dvefweerr arhmudsf &mgthl% g watrd abmat @rxnt06f ginmih 7' MET wé hi gh
mol ecul ar ) i .ght eth ef,erst ol yet hyl ene c 05|t|ons with a
wei ght avei g €1p mpigﬁg{ i‘ﬂégg? »ngr Qy%ss per mm (%rfgngth 5m

of water or iess per mm of iength 4 mm of water or less per mm of length, 3

mim of water or less per mm of length, 2 mm of water or less per mm of length,
or 1 mm of water or iess per mm of length.

30 [O107] By way of example, in some embodiments, porous mass
sections, porous masses, and/or porous mass lengths {wrapped or otherwise)}
may have an active particle loading of at least about 1 mg/mm and an EPD of

about 20 mm of water or less per mm of length. In other embodiments, the
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about 3 x 106 gl nmol and nore than about 1 x 106 glnol, In some enbodi nents,
t he nol ecul ar wei ght of the very-high nol ecul ar wei ght pol yethyl ene
conposi tiWOZi)BZ/dseSMeen about 2 x 106 ginol and | ess thamrCahsa1185688806

gi nol . "Hi gh nol ecul ar wei ght pol yethyl ene"” refers to pol yet hyl ene
conposi ti angold hiasWehghhaay gk @:Qﬁv@?é@ﬁi@ %Eadm%' St i@ést%bmh@@%gﬁﬁ@“én@ x 105
g/mol to 1 x 106 g/rnoi, For purposes of present specification, the

mol ecul ar aReFERtY ForEronTdr Qlﬁé”faéf“hﬁéﬁ%sgdéiféﬁfﬁ RBENSSN awbBrdake o/ Yh t he
Mar gol i es eqHatiiomhdt " Ms&ol Imsatraﬁak%%Bc,afm@ﬁtsghm)me@@ssﬁuhM@J@ an

pol yethylene materials are con-inmercially available from 10 sever al sources
i nci udi ng AR r PEUAMNPETTVEISTICEOHE POy fer'¢adiRE, Ofa 38 ¥PET On 89/ 7CBI Hhese

Cor por &t i aRrfin&dd &fh aRGreBd 1 PIM(deLher band) peBrhaskemdBrazil), Beijing
Factory No. 2 ([BAAF Shanghai Chem cal, and Q lu (People's Republic of

Chi na), M tsui [8AHBAsARi S IaFEHC0 BERE: MCEEHT JIasBURPBBIY B QUREPIFIfEl ude:

GUR 2000 sid/88 pbek@5madd 2engtBl 22erapped 26) @th%sép%)a\ﬁ%@ 88ediAL28: 114430,
4150, 15 4170, 4012, 4122.5 40226, 40503/ 4150-3), GUR 8000 series

(8110, 8026MCVElR’ XOBIOT 68t XeaBsmRiB4 fOrXaeuTPIR1 F20SSip e listing hergifi6] ne

exanmpl e ofpoRosdlidaablsechoisy elchylenesomd efrldpdr p&roliBdbadiashiGhsavrbppdd BSI C
Vi sc05|ty in the range of about 5 dllg to about 30 dllgg and a degree of

cryst di% i MEGVEFlabotn B0oe¢ %F@d%{%e deecrslvesy i CASINPERREREC ApPREati on

20 Publi catdroibrats 2098{2080Q84 . wAnot msr w@yadmhmmﬁmag sizhabb eapalryet hyl ene
material is that having a nol ecul ar wei in the range of about 300 000

g/ n-iol td"abolier GEOYHIEE GBI AUt g? MR NG KEFMSH GRo6E 4if a%rage
particle skagee Ias@,debeér\@e@m@bmttoag&wam@aé Wne%’éﬁﬁb pémeisar&@laoav lotbik K
density bgvf en about (? /mL and about %/n% descrl bed |g U. S
Provi si onal’ P E5HI TSt %W“F\b T £33 0888 5t i“laé’dE o ubEipp be iimited igg 177
The bi1r$derac@adi<ﬁérq1d@$ mo@%umeﬁM@haa@zQ&lmr@mD% 3-potadgeeS pheid cal |
hyperion, astero dé;\ ﬁhrondul ar or_interpl anet aré dust -] ike granulﬁat ed,
potato, irPEy ﬁ’ﬁﬁby Or EOMBPnARFonEHRBH e8P OUn ThiSeter PRY CEnBYEFIERESS t he
bi nd;ar bpariém@:lhesmma@bcb;eeﬂh@rwaus)ewith a})da;egwde@@a@n hf}a&eil’ﬁdluﬁél aadéi%ﬁ:&@?/des f
non-11 Dr ous S e DI nae recl Cl es e.in the ormotr a
Donder | paRiabMoBe TEpr ol St 1S srePah S hRCS EnohR G5 TRt el o1 es
a;‘g g_ c onmbichAgttinoin a@fsgm@l ﬂu&mlmdexmax b%lcefsb@ut Lzﬁl/g/mm[i@dg‘tB]of_l FOrS 04T
enbodi_nents, the binder particles nge.froma.lo ibze |imt in
Coaet e BREEaR of 2R0H BT Se R Aot Ey & 570 T SoBRARGIRLEE Tt o

nanomet er ,pckfunansget B@s&oiaﬁ@rmm mké@&eaa}n@&neiﬁ@ﬁsg L @ @bent 5
nm crons, crons 0O mcr

1 Cron 15 200, mi ¢rons, and
750 i or orfe CHAETR Rdn Bt o0 Sy e TSRTEPOIR n e R bby FREL n a
| east one :idE‘PIBttSBbﬂu’tOB sabout ebGO0oNporan sna) Athdicemaiiahy 8000 anmﬁbkms 900
m crons, rons, . 200, 'cron QQ mcron m crons mi crons,
200 o or ordreath 8 ks Ot B b B e PR e sh AReEbG
nanonetser ssxaAmyje cpnﬁajuﬂamiaesn @@ﬂadnwmorbus;nmms&ad anpmr pcbnamtrsaacbdmﬁgmﬂay be
sui tabl e f(or use in the pr f\ﬂ?e nyention, wherein the s Anﬁi ]9 é\llqm.lm
size is gré{%{?%? dtﬁ)én YREVSE! dE1%E W AP g??% PR s3r’r§ ThiGdi reft<Y* t he
bi nder pargardties oay e asati Xburediak phet telvergi zescartngi npatconshbie: above
| ower 10anc%mu§pc39"1%nt€! 't{)n %}&QW the WHO recommendations.  In some embodiments,
porous mass sections, poreous masses, and/or porous mass lengths (wrapped or
30 otherwise) having an ion exchange resin may reduce: acetaldshydes in & smoke
stream by about 5.0% to about 7.0%/mm langth of porous mass; acrolein in a
smoke stream by about 4.0% to about 6.5%/mm length of porcus mass; and
formaldehyde in g smoke stream by about 9.0% to about 11.0%/mm length of

POrous mass.
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[0119] While the ratio of binder particle size to active particle size can
include any iteration as dictated by the size ranges for each descri bed

her ei n, swechfys1B8ze rati os may be advant ageous for specirfiseoappdsseat i ons
and/ or products. By way of nonlimting exanple, in snoking device filters

the sizes of 1@&3&.@@361%@/@ RAY t!:!eCLaﬁ? @eﬁhblr@elgrcﬂoa&megl;%%é@@ttbdb%eﬁuch
that the EPD allows for drawing fluids throu orous mass. In sone

enbodi ment®rtigiRR N Hig a8 BIaAEeR - partined emep %“?FH“’a W@i"“ﬁ)‘%ﬁ"ﬁi%‘l‘% "8f%e may

range fromeahottt ,—}&vle b&t@k@ugh dn Wno@e AP PHBReaRWe NP Srf Smrabout
1:1.5 to about 1: 50120 Addi tionally, the binder gartl cles may have a

bul k densi%¥%i A ‘f”?{'ﬁ)’ 8 Whtge ot "abdit W1 Vg ETr8 Sovaottr B B’%‘V@Pftﬁ@e I'n

anot her; ernheg@M@Bteridi he sBUl doed@Rat by aBBY BLwikd, IRewFRNG8 Wik, ot wRod 7
gl cnB to about 0.50 glcrn3. In yet another enmbodi ment, the bul k density may

be in the ¥ange™GFPaboRIE 8! ﬁ‘%ﬁ@ﬁ?“?&hﬁbﬁﬂ?uﬁ A7 SGEBATYA2 8 I'APSRII ti on

to the foregai Q@aybHB\Q@f pasit 116l esw ofdiesr @s@rm/eﬁiadi Oaﬂkoraéaésheér{@péiﬁﬁ;bt CS may
be used as binder particles. Such thernpplastics include, but are not

limted td 95“(99%‘?%% A& SO %??@F"Sﬁn%df*?éﬁ?iﬂ’ésm?Eﬁ”aﬁy‘ 1ONSYTPPE PRERY i cs,

pol yst yr er]:%'ﬁid@@'siy\élﬂna’rh@un@%ﬂ@s@@ rafrh woreei-hyheng {JRTER) wipolyelther 1@t her
ket one PEEK) caopol yner thereof, any derivative t her eof ., and aﬂ%
y al so

conbi &t i giteher é thOf‘{Io‘?f fepPatis 51%%‘%‘?’50902@‘6 UPBRT (TMdse ARPYLAR ey

be 30 sui tvakeshokts osantRl mhehtRArdd Ghes 4Mwiihe P 2santv | dTveRt matkix
Exanpl es of sujtable oI oleflns '”Cl%é but are not limted to,
pol yet hyl &R i561 37t § E hale GETHsLS AT FTGIER SERYPPER TR angrgwer

copol yner if-ereahy u@apyr mmrtlmér\@n’aﬂu@mat, /,suBBY: eerdyepatéon thereof and the

ool et by one. IB1AEY 130 e K5 bhby Beby Aoy et Samet Hy e
pol yetiwy| emesikeafiywiegRakEIRE:.t he&m& to &hades bviaké v;ewtr@meémeamyfem@
2012/ 051548PCT/ USZ;gJE%/ 056388 conbi nat i on_tggreof and t I es of
sui tabl e pOlyBEIEIE TREFUUETPEN ety Feng” £ET SPRITAFA%!® Bo‘ﬁ/@iﬁ SAR=al:

t e. r epht hatiat @mecl ysﬁy@dim@nwioe@eddiomww B@@eieefsaahtslgram,t ef example, in

PO e e S e oLl o0 A0S ORLNTRE LAY S0l ATk S5T vt e

poi yacr yI ites idﬁG{'VU‘d;eEisibmj ase bsmtselecméiedretr@cvq@iobyr@tﬂbyéd mev HilaCﬁy)ﬁfﬁti@ any

e LT PR AN A e S
Harmful Constituents in Tobacco Products, including Tobacco Smoke; any
abbreviations in the below listing are well-known chemicals in the art. In some
embodiments, the active particle may reduce or remove at least one component
selected from the listing of components in smoke below, including any

25  combination thereof. Smoke stream components may include, but not be limited
to, acetaldehyde, acetamide, acetone, acrolein, acrvlamide, acrylonitrile,
aflatoxin B-1, d4-amincbiphenyl, 1-aminonaphthalene, 2-aminonaphthalene,
ammonia, ammonium salts, anabasine, anatabine, G-anisiding, arsenic, A-g-C,
benz{alanthracene, benz{b]flucroanthens, benz{ijaceanthryleneg,

30 benz[kifluoreanthene, benzene, benzo{b)uran, benzo[alpyrene,
benzo[clphenanthrene, beryilium, 1,3-butadiene, bubtyraldehyde, cadmium,
caffeic acid, carbon monoxide, catechol, chiorinated dioxins/furans, chromium,
chrysene, cobalt, coumarin, a cresol, crotonaldehyde, cyciopentalc,dipyrens,
dibenz{a,h)acridine, dibenz{a,acridine, dibenzia,hlanthracene,

35 dibenzo{c,gicarbazolg, dibenzola,elpyrens, dibenzofa,hlpyrene,
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pol ystyrene, acrylonitril e-but adi ene-styrene, styrene-acrylonitrile, styrene-
but adi ene, styrene-nmal eic anhydri de, any copol yner thereof, any derivative
10 t her eoWp 2arxyosca8bi nati on thereof and the |ike. ExanplPes/uskoizusdsadl e

pol yvinyls include, but are not limted to, ethylene vinyl acetate,

et hyl ene vi;gyl,on4 @jgppéne p@s'b}éMM[ﬁ'E}gﬁﬁés%' des.- dﬂﬂ&rﬁmﬂad@méﬁge{aﬁﬁéma@é‘y
derivative thereof i nation thereof and | es of

sui tabl e derethpegl é%hwé@wﬂ“@ ohhitleng X6t euﬁmie&rﬁ@idwdﬁuﬁa?é, ghebat e,
cellul ose acgtate, M*Br)éﬁsﬁbehycﬂb@%'L%ﬁi@@ %m@gh |thQSi'n@§no[qei BUgGrens

propi onate, ‘ethyl | ul ose, any copol yner thereof, any derivative thereof,
any conbi ik |‘Wr?ﬂ%r @éfj He4-91e PERETY | ﬁ‘%*@f’ré?‘cﬁﬁib%fﬁpﬁéﬂﬁsme@y& ﬁﬁ&“e

particlse maymbaqmymwﬂm@gnﬁm ;@n;my%nw%mﬁs (nand, anymegibiinati@maef the
above I i sted_ bi nders I n nbodi nent s, matri x materials and/ or
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conpri se additives in an anount ran}aﬁ){{@ roma imt of about 0.01
)
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porous NMBS§ESsdPe@Riwpper |1 m tyofrekeithedtiamMe 15 W piyw % S5 % or
1 w%of the matrix material 25 or qporous masses, and wherein the anount of

addi t iNes HHRSTARYSERGRIMN | GiEFe “?ﬁ”"lph?[éﬁeanwiﬂﬁﬁ%r Firreselainiefidohpass
any subset{nndgl ebet-weeRopibkrigiheul d(E\b’@P:ﬂOt%awﬁthﬁoppﬂbﬁ@muﬁaS(W$R§,S N~
referenced herein incl udcl?\E Mous mass ous nasses,
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i ncl ude, Wbps@ﬂ&!d@ﬁy&ié Mot 14 Bedd, vgyﬁ&néom@mm@, HeRBHENdI € HelShium,
zeol ites, nanogartl ceramc p I ass bead%ﬁoftenl n gent S,

rt |
O o R O iy ey S ree L e B2 PR 2 a5 e ol

vesi cligs, adhesi-ves, (ré(ﬁﬁkﬁd’d@péﬁ visprireaeRh icBrkideN aagemtySconvbihandms,

per oxi des,, bi oci des, antifungals, antimcrobials, antistatic agents, flane
r et ar dant § f&r adat i on agents, and any conbi nation thereof, [ 0124]
Sui t abl e acti vgagaapounds elsramplne gopposntls: anstkas n@lmwhaﬁj s:uiticaablgerfor

renmovi ng co onentg fr%ma snoke sit\reﬂﬂnc L%d % but not t{

mal i ¢ aci FCUEBtEs ST AR Tarbsnai% CoRt r 1 62 FEFEE e ard 8P (AL RF qvé(?ﬁ“é’ %ci d,
ascor bi c a(ebdm polayet dibdaﬁnes@mme, amd;mig)ﬁrrmgh assmd;wmmmrm% de,absut pham c
aci d, [ pha o] n acet at e, rboxyl at e. and any
ol L1 i nee BoreoTtiashon B BT kot SOt BeRR i e tny dl S bo
consi der echcaraeaemotesmnmuaﬁb samdd cheervpikiale, B}dciwaa}s! a@fbaronbhdubengf

exanpl e, fullerenes a ar bon anot bes 38 K OI’ISI der

nme
P e e RHTRER s oale T BRh 1R NelRe i PERM S ag i aitse. but
not be i rfuti@ﬂnb@,anpdumfmns a\glgt“dfgaaesbaﬂkbgﬁmhuS@lGdi‘ciMngtf@/\ﬁiéa‘ﬁerdgr\aphyihe

benezene. SRR R LHRLcoCEM R Sam B LRSI ALES:- B NENG. AL gRDy
el ect ml;calrieymehai@gedarﬁun@iucem rgoupisr ataemhefdisctao gehze apmalvyrmir abacikbone;
i T o e e B B A A 8 R
nol ecul ar -igirz ediddi arehsbonsddeZeansgascimyike about 12 nm Fes04), nanoparticles
{e.g., metal nanoparticles like gold and silver; metal oxide nanoparticies like
aluming; magnetic, paramagnetic, and superparamagentic nancparticles like
30 gadolinium oxide, various crystal structures of iron oxide like hematite and
magnetite, gado-nanotubes, and endofulierenes like Gd@Ces; and core-shell and
onionated nanoparticles like gold and silver nanoshells, onionated iron oxide,
and other nanoparticles or microparticles with an outer shell of any of said
materials) and any combination of the foregoing (including activated carbon). [t

35 should be noted that nanoparticles include nanorods, nanospheres, nanorices,
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i ncl ude natural and synthetic materials. Suitable zeolites may include, but
not be limted to, zeolite BETA (Na7(Al 7Si 570128) tetragonal), zeolite
ZSM 5 ( NawOADI2BIS8EE92) 16 H20, with n < 27), zeolite A, peealSkaia/056488 zeol ite
Y, zeolite K- 20G zeolite ZK-5, zeolite ZK-4, nesoporous silicates,
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material s '”(%‘%“Uf%ju%% Bybig xenaskivdeirgel Gt e éW GodnBivvat PPRSREE edf |
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nano- coatl s,.or_nano-th vYa 51 gl d gg further notgp that
nanopartl §t“ﬂ%§f 9‘”88?%8@31 ﬁ%w%ﬁaﬁws Y 8 CHE VR FEE BR 'r?ér?é"%éﬁ‘r cles
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gr Oupssgra)(mm;lctt@@iynb&rt aacb-),tsam Imaﬂ;ﬁ@@ﬂd&;i&d hméseau |f@sna§m@swdasmﬁ:i@ahm$ (1

, or a, car box S a e er.s ter
i des 8 o R T s Rt e B ol et FE g etrse . o
any conbi rrabttomat hesesfsttqbky menss pchﬁieﬁtba&gb@‘gentrsgcbmk@nﬁida:yﬂr'ﬁﬁeﬁlﬂ&m ne
tetras etat di eth | enetri am nEPentaac tic.acid, trlg?r)écollar i C aC|d and

a structur 88nﬁ? 1579 % p§r FOIE AR NPT ESHBT nBTTORSt het'boto e

Funct i onalemm@umnt@yhéﬁaammees hﬁﬂ?moashpr@‘e Stk eonpopenicksand/ @menhance

i ncor por at | onc?) E?go art .cl es | por ous narsgp. ) %012?] gewit bl e

ceramc partPeeE” ’?rfr‘é e ‘%’ %Y BERTH tedTh oxFREEL €S i ca,

titania, afkmmm gtaeipy b |aatsve:¢xartacsesam@bcmsecmmmh norsbxlidese (wotgd , that

car bi des, | PI’I des, nitrides, and Si I| |des tes. their\gofﬁé or_any 20
r

conbi nat i off tHeredt PE8 Hifle dﬁagr%”ﬁ%s %eng §t{él T Hed i Vétal T ne,

or serds crarsh@litienes, the active particles are mmbmpd with at least one flavorant.

61127 GSuitable active particles may have at least one dimension of

about less than one nanometer, such as graphene, to as large as a particle

having a diameter of about 5000 microns. Active particles may range from a

lower size limit in at least one dimension of about: 0.1 nanomsters, 0.5

30  nanometers, 1 nanometer, 10 nanometers, 100 nanometers, 500 nanometers, 1
micron, 5 micreons, 10 microns, 50 microns, 100 microns, 150 microns, 200

microns, and 250 microns. The active particles may range from an upper size

limit in at least one dimension of about: 5000 microns, 2000 microns, 1000

microns, 200 microns, 700 microns, 500 microns, 400 microns, 300 microns,

35 250 microns, 2G0 microns, 150 microns, 100 microns, 50 microns, 10 microns,
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[0129] As used herein, pignents refer to conpounds and/or particles that
inpart color and are incorporated throughout the matrix material and/or a
conponentwORlerasis48Sui t abl e pi gments may i ncl ude, but neCThs201054388 t o, 25
titani um di oxide, silicon dioxide, tartrazine, E102, phthal ocyani ne bl ue,

pht hal OCyae!?id”@O@rn%%Bme%Hs”aﬁM doRasnatRer Mi* efigert iﬁﬁft@%%b&?%‘r Eﬁm@@'aﬁove
di -i m des, dioxazines, perinones disazo gment S, anthraqui none pignents,

carbon bl 4BRY PRiUAAPEPEILERIHE S REBSEN BOREEPS, WRFEH Bia sriectar rhar&ithe, or

any combi naid ongtdiReeohan 30 GLRQleAInHEREWNEEE! NIn dYeS 6Afu2kirhentg ORROUNGS
and/or particles that inpart color and are a surface treatnment. Suitable

dyes may ﬁ”fé‘l"ﬁé@m%‘éﬁ Mot bhe ik et RBtiCleSTRIONOIY doEsthecaitdvErPY ety s,

avai | algl e Jﬁdom&rarnm&m 1986 MeCaSdodihant ] UhE B4 0| Rkidies MALepd. |
CARTASOL(r) Brilliant Yellow K-6G |iquid, CARTASOL(r) Yellow K-4G |iquid,

CARTASOL ( 92! WBPE&w K- GL | i quid, CARTASOL(r) 35 Orange K-3GL |iquid,

CARTASCL(r) SC%&E.QB}KT%%M&&UEQ&H%W%& Fan Rﬁﬂté&i@%ﬁéﬂm&ﬂaﬂm GAREASOL( 1)
Bl ue K-5R |i quid, CARTAS ue Tur quoi se K- RL

CART.
i qui df or ditiTes. @Wﬁ@ﬁlmmsﬁbmw rgi;?nwwa} exiﬁ,&éﬂﬁaww o dpusat s

auxochr omeme@ival leddifafurom BASH) 4 8. maléeld anaBW@henFasdtisab its Bldieng4l) ,
[0131] Suitable flavorants maé be any flavorant suitable for use in snoking

devi ce % i I'EEPETFHET GRSt HYS tWﬁ’a?QEVWﬁérﬂtwh aderee!a e BN % TP veIeTd t he

snmoke streaﬂhcj@uw@ak@ nf@k;amt@m@ mmﬂs@mm@@aua&uwwt Beybinmdned veey
organic terial E naturaII%/ vored art{?cles rriers for natural
flavors, QW‘E?@ Fi8F W eht PEYEINYENR oMED BRECURY V&% § BRSO e Her &

O gani ¢ medogtiiadtSor(s0therairurial drg é:abocﬁ;hm,r@ﬁ RAapéd gareslksimekudeeiiuly ar e

T et LR B b ot N ? a0l ol L URr )
not |iim t ethd as rmgnt(bﬁlabcgtosveﬁ @h@hﬁm achoxokated erarge, Mhnbknot@AJO,
vant | LR CuRRAR o6 B0 S LS S R o B B Y
(clove), amdsa%otalm@ut ike, q/QGnﬂﬂ)&thﬁ?ICna:ﬁdi ans kheeodbouk 3-g0me/ emandiRoent s,
o e han et ygragt X, be dsed L0CLUt 1o apr porusti an b Lhe
col um or waigh: pelgtitgteref EHMwWPEerwhidddis irenpbiverifovgoner efrhbgdiinents, the
POT OUSTSATR Ol o5 RLCSENL, BACTELRR, TR, SOPTLBS, Bl SHOLAN! 1 g arount
t aki ng | ntraa@eed unty o k/e;f\,i h“germseci:Eiaem&sgﬁthﬁaix}ﬁngitehepfml\/ihﬁ)iskanchgngl;ew ce,
ot ner Fact S THoUR 06 TRGse’gr AP er RODHe! drp0 o onn f dgbFe oy 1 o °°
aromas maKgnclrudegh nbeibcuiot wi@&_;Htl;rmigtaﬂyihogs, RetWsH (Rokchathey Hmbhgmsaﬂ:et at e,
met hyl bUthr aéfdmpi%hyl bou(éetzals % 5 }]lydeRUta)ér ?Ejg‘”cl sogmlg Ka). In some

25  embodiments, it may be preferable to use a mixture of binder particles having

different molecular weights and/or different melt flow indexes.

[0184] In terms of molecular weight, Tultra-high molecular weight
polyethylene” as used herein refers to polyethylene compositions with weight-
average molecular weight of at least about 3 x 10° g/mol In some

30 embodiments, the molecular weight of the ultra-high molecular weight
polyethylene composition is between about 3 x 10° g/mol and about 30 x 10°
g/mol, or between about 3 x 10° g/mol and about 20 x 10° g/mol, or between
about 3 x 10° g/mol and about 10 x 10° g/mol, or between about 3 x 10° g/mol
and about 6 x 10° g/mol. “Very-high molecular weight polyethylene” refers to

35 polyethylene compositions with a weight average molecular weight of less than
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25 acetate, pentyl butyrate, pe.ntyl pentanoate, octyl acetate, nyrcene,
geranioi, nerol, citral, citronellal, citronellol, linalool, nerolidol,

| i nronene,woanpisij48t er pi neol , al pha-i onone, thujone, bemrgalusedyodss3seugenol ,
ci nnar nal dehyde, ethyl maltoi, vanilla, anisole, anethole, estragole,

thymol , f upaneal 1@‘%:‘?%5!%{% M&r@ﬂ"}‘arﬁ&lﬁ?,!trlai '1@“gﬁfh@? e0f 500Gl mauist abl e
tacklflers may i nclude, but not be limted met hyl cel | ul ose,

et hyl cel | Uh6senoRGdRbx YEIHYI c¥. 1161 o0&y~ igh bﬁWQWWyWE@Wuliﬁg@thyiﬁf&? boxy

et hyl cel | WaasRysitwat @rbemla@;bla%@&@hIwk@’sgwﬁ&seé@ Rz Ak H880udB 3M (Feg/mol.
pol yesters, polycarbonates, silyl|-nodi yar ni de conpounds,

pol ycar bandties m%?‘éti?fai"ifé@ht rFé%E‘(ﬁt?tYieF‘%sF?f@&’ gch@oiygéigy!e% COIPESHENE Wt ymer s,

2- 35etshyl hayyl-acsvbatiBoicdtiy i dgRChe 0Sbed BIMMBNS 10aG Mol Goaci,d 18
derivative polyners, acrylic acid homopol yners, anacryllc acid ester

hor nopol yriéF! pdlSi( PHERGEGF olcrif aPEEenpoTRFCHGEYIN adhs | mplecylar weights

pol y(2- et hytdrexydd aerarh %r@)det@%ﬁéﬂ%rﬁ%b&ar@%@ vEOPOhY MBS0l Rashyd i C
acid derivative polyners, nethacrylic acid honopol yners, nethacrylic acid

ester hondpﬁ?ﬁ?é‘?%mcﬁ%‘w%rn‘é?“ﬁf) Fomet hacryl ate), pol y(butyl nethacrylate),

pol y(2-ethyl he mmsqetsm@e@mél gdigathyRGEYHAMrRes BRI Ryhri-apanavaidiiopakhe
pol yners, acryl arni do-net pane sul fonate deri vatl ve pal yners,

acry| an do”‘eﬁﬁfaﬁnﬁp"’ﬁr@%aﬁéd‘éﬂl(1%65?5& MM ol pRer Longfapymers LLL,"a division
aci di acr ylaradisianetdbopirpadtepsiisf onatad QEEF‘@QN)éff&frﬁindpe&iﬁ)ékuﬁo(@aui),
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For i deny S Asor NS0 e AR e o R ED Ry AT G40 (BEOIF amapsale O

(N(f“h ?I ky|(fi’@f?&)“@4!@duk&éh&i Baahy ﬁbah}ies;}a@fsf&mﬂﬂmd@&eébwwﬁmjlekﬂu% t

nme acry. es | | a I e alt es,
and the | 480 SH{ES d’éﬁ%%a%lgg ?ﬁéggofzaﬁé gfﬁa %%%Fﬂ%‘%/ﬁ B%X%/%eﬁjégf% 52,
[0134]1581é|41ml erMizt ankpss, neyza-8¢kode,3/buto9f Gos BOOD Ts%dei @aim,tmr?g, A 15
vitam n tamn v V a vitam n , OrFr any co I nati on
t her eof . Buity ‘;T@fég%‘%u?‘%%%]% @%n 1r‘f1Ec$?c5§?“gl s may include, but not be

li m Ited to, antmma[gobja@l ex@halk @W@%wtéiﬂib%&%dieﬂé metdrar hexhadi meisal t,
triclosan

moxi n, tetragycline, Si e, ntamcin),

tanp er T BRI MRS BaT A H Gy houh GOt o cOgHt 89 Shioni Boraree
m conazol exf gyiadinigesf AbmEXyow 09 mémsedldysm@ ircephalPasperagplicatkpt roci n,
net r onj.da a secr ter| ol ci.n, .defens t rof.urazone,
ot eniafe. RGN M\ RAT L O ARAERS AT oy Sl e s BV e,
nor f i oxacnﬁatepaf fsodtae inayinad |ndmié¢ma:a@ne@ht Ox ah+ campd Of aenaxXEE,000¢) tho!
ci profic. ) anet hyl en id 3 25 PHMB derivatives
(e o b SR AT B R e TR BB Rt B Al A emeeh Ghant de
(PEHI\/B)) dgidd, | DEhepdtdeae agiausmomﬂ eym Ceisﬁcbra@beml(mﬂephydamtm @miidei,ensaty
et hyl enedi,an netetraacetic ,a DTA) EDTA der, vat.i ves di sodi um
EDTA or + drTREEh AT R 1a/AF ol FRAD A, e SR R Ui ot 56y
Ant i stist | cAragestian Nayéi:pmﬁsu“ﬁem@rjw&uma@ub an| oni c, cationi c 30
anphoteric or i istatic ent. Anionic antistatic a nay
Goneral 1y i nol SARL73LrRobBeR A PR ey "B Ml BBl pB thapdt
phosphat esnaiphawhatseaiesweesmf asfecalial, s:,hrpmmsﬁxh@renasbamstamﬁ ms‘ad»kysl at ed
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e ted 1 oeafRlad TR Meh Mk oohare BRrPn T gt o ey Rake o
TRY- FRAC( rgmbsdiGientey dink divhaerf pomiclde rduéiab B5Coryper iat tiheng rebvu dwam;@(:)sare
Cat | onC G}thnl—ﬁigi%tu!ac ﬁg%g&‘\% %ogﬁgf{tglthg $Eggéruggf‘ticpe%t are in the form of a

powder, pellet, or particulate. In some embodiments, the binder particles are a

combination of various binder particles.

[0118] In some embodiments, the binder particles may range from a
lower size limit in at least one dimension of about: 0.1 nanometers, 0.5

35 nanometers, 1 nanometer, 10 nanometers, 100 nanometers, 500 nanomesters, 1



not be limted to, quaternary ammonium salts and i m dazolines which possess
a positive charge. Exanples of nonionics include the pol y(oxyal kyl ene)
derivati W&9,202/031548et hoxyl ated fatty adds |i ke EMEREST( PLTAGS2@1(05638%t hox?;

| ated fatty acid, avail able from Henkel Corporation, Mauldin, SC),

et hoxyl at ersa!scF@rtts! RicRheOhob Smické‘f% TRYGOLLIR, 51%@%&@%@ @95}%@&&% i Byl

al cohol , available from Henkel Eoratl on, SO, ethoxylated fatty
ami nes | | KBICTERAVEER(£50 6808 Ean’ '“é% ERGT QF@&"?‘amaﬁvﬁaﬁﬁPﬁ@m%FP%l 7% rom

Henkel @riﬁﬁ%ah'&niua%%h@'(ﬂmeﬁ%ﬂ af 5@5@! aifi@diﬁfﬁml:#dﬁ% z@kv/b%ram@é@a&@n

ol ei ¢ di ethanol ani ne, available from Henkel Corporation, Mauldin, SC, or
any conbi HBITYE: tHBr B6FONANY BRI BICRE: CHY SHFC E0ARP eiAPRS t $9d "IET9E: mor e

ef fectisve Al hedrBhé, C2@BENEDNs, 150 mkRI37]iobtmehou, ddbaminahed: d hakroMi | e
porous nmasses, and the |ike, are discussed herein primarily for snoking

devi ce filaer 800 pERETE PRasSAEY RAPIRFION Piswarmimise aﬁ?eiéppé% FPisE @abPY¢ters
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liquid filtration, water purification, air filters in notorized

vehi cl es, Si% '§ Breaes thap &B‘éﬁ@&’f“%\?ﬂi@%@ufﬂafﬂr’@fu i1 spger 8?‘*%8@%64 M ese,
and the Ilﬁi@der@wt@ﬂéslnh@,dbm theud bSpartclehsitdierdpgnef frbnofhet Msedbsel osure,

shoul d understand t he necessary nodi f| cation and/or limtations to adapt
this dilsclBEWRPF dMbther filtration applications, e.g., size, shape, size

ratio of matri mm@gr ivaEhiicCanpeRenbshinand péﬁmﬂ@glzbltanac@f\/eﬂﬁrﬁﬂé Jyed esq al
conponents. nonlimtin rix materi g coul d be
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porti am ofthkhetivelghraaws Tamftﬁﬁciérewsa@s&,h@atd bX sk erawthet BRb Riowatreri al 25
path, a hecgt sou conmuni catipn w east a fi rstanggrti on

e | n
P e marBer Ee B e TR D aT eSS s T s e T het T b le ot B1 { o
the first mpoddd pntiok $ike tovkcave daripas Bize may rah@é3&im Sewet egbods neats my

i ncl ude caont nuousl troducin mat.ri eri to a nold cavity and
di sposi ng &t b g\ﬁ’%ﬁf?y‘" é@‘% Ta?rﬁearbc’fjﬁt 1rrg% %r%’%g Kgaw ty. Further, said
enbodi nent s rrayma@ﬁu@e&dh&ﬁablm,gw@tbshe@:spasascpgrmapmxaofa a hgk etk imater i al
So as .to bind t A teg al_, at ural gt of ont ac oi nt's thereby
orm A5 a 18075 Sk O Ehgriats 26att Bl BE" horB o Rgs e bAB ot |y

t her eby ylt&Jisdlciegsaa, ponous smaises range of about 0. 1?(@;4&]3 t&@mseu’enmmgmm snmay

i ncl ude con |nu usl :pntrod cin LI X nmat er. i into

hoat | ng a0 SIS SabPRBRE ORGSHaERTD halabs it e A0Sk 3 it RS vt v x

mat eri al aj/ca’pbwbali 6y370f/coont act points thereby form ng a porous nass
ength, and exipydhio Lhe ROLOHS IRRRCLERGLD A0 otalce dler LRIEHoD som
25  thermoplastics may be used as binder particles. Such thermoplastics include,
but are not limited to, polyolefing, polvesters, polyamides {or nyions},
polvacrylics, polystyrenes, polyvinyls, polytetrafluorcethyiene {(PTFE), polyether
ether ketone (PEEK), any copolymer thereof, any derivative thereof, and any
combination thereof. Non-fibrous plasticized celiviose derivatives may also be
30 suitable for use as binder particles in the present invention. Examples of
suitable polyolefing include, but are not limited to, polyethylene, polypropylensa,
polybulylene, polymethyipenteng, any copolymer theresof, any derivative thereof,
any combination thereof and the like. Examples of suitable polysthylenes
further include low-density polyethyvlene, linear low-density polyethylene, high-

35 density polysthylene, any copolymer thereof, any derivative thereof, any

34



5 conprising at least two nold cavity parts where a first conveyer includes
a first nold cavity part and a second conveyer include a second nold cavity
part. Saiwof2orasisizenveyer and second conveyer nmay be capabius2afi/obe3sngi ng

together the first nold cavity part and the second nold cavity part to form

the mol d cawidida@nd thBeRs saparAk| NG, t hexdhpet Bﬁ)lsgstgiﬁh“ Ezé!iy@?s@?s fin@md he
second nold cavity part in a 10 continuous fashion. ¥stem may further

include a R%X%EYEG‘E%péﬁieéﬁhFWaﬁ I Iﬂ%%ﬁé“%liﬁf@§w%5@% te %Yﬁ‘ﬁf‘%%ﬁefﬁfﬁt erial

and a heatdaﬁ@m\ﬁ@ﬂ" NeelrB@K Bz E0 rie@lth PR M Et*“re%htﬂa@@cét an} | ESSoIPREE T On Of
the nold cavity for transformn e matrix material into a porous nass.

[0142] SorBeeRhodinhERTE@tHEMERY Fuger FRTPETIEN T e e he iFer PATASS i nto a

pluralisty @fsumabe sayidlies apdabestd Be: hhedREA i, PRYRIE@H hBkhe el d
caV|t|es so as to bind the matrjx material at a pI urality of contact points

t her eby f GFYi FRFCH PO BiFsetmmggy derivative therpgh gy croniingiied farechabetier

under st andjiag OExdMBicRr 86 efilitably i BPrenbheinkRldeOV Y LXanP apnitdd to,
repr esent atlve enmbodi nents_are given. In no way should 20 the fol | owm ng

exanpl es BEOFREEEo 13 PYLR- 1 BAHEPETTE e Re SEUFBEGETY AR Ry et RS

EXAMPLES  butadient 0b8dbné R0 BYhEeRId, Nghy E@ﬁm@a@#r EhdrB&fe Uiyt Yerisanpt es are
pl aced in a French square gl ass battl e and shaken vig orouslgl%ua ng a wi st

act i ortOshdRBref of M5 Cﬁf“r‘?diﬁé N GSERPT it lligh, TREART GhevigiPie mEDeEmT es

bef ore andnalier b§th@|<é G Zmaécet@oamr@@ vs-sﬁk)lﬁaﬁdztﬁafeﬁr@:ﬂ?%nbsvsﬁﬁina’?@bhﬂﬁ to a
percent |os val ue. s test sinulates, det rloratlon under _ extrene

circunsta ‘é‘””ies@iqr N Z0F WwePHRY MSs SN F L% sihe dIE S B CadPEF%bI BNY

quality. qombsnaﬂcﬂé@re@é@@%h@ﬁa&é S@ﬁﬁ?ﬁ@%&,wrﬁ;stﬂb@t@%MEﬁ imcGdR 2405 with
carbon additive nd% ﬁwth carbon?E itive vver oduceg both W th
and 30 wi t‘?ﬁ”Suf‘Oﬁo Cq-appt &j‘@se SHEPSarfst 8 Sﬁe?fé*t%‘] FEQ e §U?“F‘FF§ 8 mm
X 20 nm Béeuar@gs:gj t8ii@bsd heopiohegs, | &yt @slivias€ ghyetbpbelrew kiRerfahl eny.

derivative thereof, any combination thereof and the like. In some embodiments,
a binder particle may be any copelymer, any derivative, and any combination of
the above listed binders,
FG1227 In some embodiments, matrix materials and/or porous masses
20 may comprise active particies, binder particles, and additives. In some
embodiments, the matrix material or porous masses may comprise additives in
an amount ranging from a lower limit of about 0.01 wt%, 0.05 wiSs, 0.1 wt%, 1
wi%, 5 wt%, or 10 wt% of the matrix material or porous masses o an upper
limit of about 25 wt%, 15 wt%, 10 wt%, 5 wit%, or 1 wit% of the matrix material
25 or porous masses, and wherein the amount of additives can range from any
fower limit to any upper Hmit and encompass any subset therebetween. It
should be noted that porous masses as referenced herein include porous mass
lengths, porous masses, and porous mass sections {wrapped or otherwise).
(01237 Suitable additives may include, but not be limited teo, active
30 compounds, ionic resing, zeolites, nanoparticles, ceramic particles, glass beads,
softening agents, plasticizers, pigments, dyes, flavorants, aromas, conirolled
release vesicles, adhesives, tackifiers, surface modification agents, vitamins,
peroxides, biocides, antifungals, antimicrobials, antistatic agents, flame

retardants, degradation agents, and any combination thereof.

35



Table 1 GUR Carbon: GUR Rati o Percent Loss with paper Percent Loss no paper)
2105 85:15 0. 94% 264% 2105
WO 2012/051548 PCT/US2011/056388

[01247 Suitable active compounds may be compounds and/or molecules
suitable for removing components from a smoke stream including, but not
limited to, malic acid, potassium carbonate, citric acid, tartaric acid, lactic acid,
ascorbic acid, polyethyleneimine, cyclodextrin, sodium hydroxide, sulphamic

acid, sodium sulphamate, polyvinyl acetate, carboxylated acrylate, and any

(O3]

combination thereof. It should be noted that an active particle may also be
considerad an active compound, and vice versa. By way of nonlimiting example,
fullerenes and some carbon nanotubes may be considered to be a particulate
and a molecule.

ig (01257 Suitable ionic resins may include, but not be limited to, polymers
with a backbone, such as styrene-divinyl benezene (DVB) copolymer, acrylates,
methacrylates, phenol formaldehyde condensates, and epichlorohydrin amine
condensates; a plurality of electrically charged functional groups attached to the
polymer backbone; and any combination thereof,

i5 01267 Zeolites may include crystalline aluminosilicates having pores,
a.g., channels, or cavities of uniform, molecular-sized dimensions. Zeolites may
include natural and synthetic materials. Suitable zeolites may include, but not
be limited to, zeolite BETA {Na,{ALSi;Ue) tetragonal), zeclite ZSM-5
(Nap{AlSissnDi1s:2) 16 M0, with n < 27}, zeolite A, zeolite X, zaglite vV, zaolite K-

20 G, zeolite ZK-5, zeolite ZK-4, mesoporpus silicates, SBA-15, MCM-41, MCM48
modified by 3-aminopropylisilyl groups, alumino-phosphates, mesoporous
aluminosilicates, other related porous materials (&.g., such as mixed oxide gels),
or any combination thereof.

F01277 Suitable nanoparticles may include, but not be limited to, nano-

25  scaled carbon particles like carbon nanctubes of any number of walls, carbon
nancharns, bamboo-like carbon nanostructures, fullerenes and fullerene
aggregates, and graphene including few layer graphene and oxidized grapheneg;
metal nanoparticles like gold and silver; metal oxide nanoparticles like alumina,
sifica, and titania; magnetic, paramagnetic, and superparamagentic

30 nanoparticles like gadolinium oxide, variocus crystal structures of iron oxide like
hematite and magnetite, about 12 nm  Fes0., gado-nanotubes, and
endofullereneas like Gd@Cq; and core-shell and onionated nanoparticles like gold
and silver nanoshells, onionated iron oxide, and other nanoparticles or
microparticies with an outer shell of any of said materials) and any combination

35 of the foregoing {including activated carbon). It should be noted that
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80: 20 0.59% 3. 45% 2105 75:25 0.230/0 0.57% 2105 70:30 0.14% 1. 00% X192
80: 20 34.51%
WO 2012/051548 PCT/US2011/056388

nanoparticles may include nanorods, nanospheres, nanorices, nanowires,
nanostars {like nanotripods and nanotetrapods), hollow nanostructures, hybrid
nanostructures that are two or more nanoparticles connected as one, and non-
nano particles with nano-coeatings or nano-thick walls. It should be further noted

that nanoparticles may include the functionalized derivatives of nanoparticles

(O3]

including, but not limited to, nanoparticles that have been functionalized
covalently and/or non-covalently, e.q., pi-stacking, physisorption, ionic
association, van der Waals association, and the like. Suitable functional groups
may include, but not be limited to, moleties comprising amines {1°, 2° or 3%,

10 amides, carboxylic acids, aldehydes, ketones, ethers, esters, peroxides, silyls,
organosilanes, hydrocarbons, aromatic hydrocarbons, and any combination
thereof; polymers; chelating agents iike ethylenediamine tetraacetate,
diethylenetriaminepentaacetic  acid, triglycollamic acid, and a structure
comprising a pyrrole ring; and any combination thereof, Functional groups may

15 enhance removal of smoke components and/or enhance incorporation of
nanoparticles into a porous mass.

(01287 Suitable ceramic particles may include, but not be limited to,
oxides {e.g., silica, titania, alumina, beryilia, ceria, and zirconia), nonoxides
{e.g., carbides, borides, nitrides, and silicides), composites thereof, or any

20 combination thereof, Ceramic particles may be crystalline, non-crystalling, or
semi-crystalline.

(01297 As used herein, pigments refer to compounds and/or particles
that impart color and are incorporated throughout the matrix material and/or a
component thereof.  Suitable pigments may include, but not be limited to,

25 titanium  dioxide, silicon dioxide, tartrazine, E102, phthaiocyanine blue,
phthalocvanine green, quinacridones, peryleng tetracarboxylic acid di-imides,
dioxazines, perinones disazo pigments, anthraguinone pigments, carbon black,
titanium dioxide, metal powders, iron oxide, ultramarine, or any combination
thereof.

30 FOL307 As used herein, dyes refer to compounds and/or particles that
impart color and are a surface treatment. Suitable dyes may include, but not be
limited to, CARTASOL® dyes (cationic dyes, available from Clariant Services) in
fiquid and/or granular form (e.g., CARTASOL® Brilliant Yellow K-8G lquid,
CARTASOL® Yellow K-4GL Hquid, CARTASOL® Yeliow K-GL Hquid, CARTASOL®

35  QOrange K-3GL liquid, CARTASOL® Scarlet K-2GL liquid, CARTASOL® Red K-3BN
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60. 89% X192 75;25 13.88% 43. 78% X192 70: 30 8.990/6 14.33% [ 0146]
Thi s exanpl e denonstrates that increasing the percent of binder (GUR) in
t he porowsorrap®saidd | ncl udi ng a wrapper (paper) enhance®Crhis20messssty of
t he porous mass. Further, porous masses can be designed to have conparabl e

integrity f@if Oatrmidan deel ?{BS’R €84.; @astdagiraed cagnen-an- tam f chkeszeL@hi ch
I s used for i ncreased removal of snoke conmponent s.
furguoise K-RL iaqu;d/granuips {“AR TASOLY Brown K-BL liquid), FASTUSOL®
dyes (an auxcchrome, available from BASF} (e.g., Yellow 3GL, Fastusal € Blue
74L).

(01317 sSuitable flavorants may be any flavorant suitable for use in

(O3]

smoking device filters including those that impart a taste and/or a flavor to the
smoke stream. Suitable flavorants may include, but not be limited to, organic
material {or naturally flavored particles), carriers for natural flavors, carriers for
artificial flavors, and any combination thereof. Organic materials {or naturally

10 flavored particles) include, but are not limited to, tobaceo, cloves {e.g., ground
cloves and ciove flowers), cocoa, and the like, Natural and artificial flavors may
include, but are not limited to, menthol, cloves, cherry, chocolate, orange, mint,
mango, vanilla, cinnamon, tobacco, and the like. Such flavors may be provided
by menthol, anethole {licorice), anisolg, limonene {citrus), sugenal {clove), and

15 the like, or any combination thereof. In some embodiments, more than one
flavorant may be used including any combination of the flavorants provided
herein. These flavorants may be placed in the tobacco column or in a saction of
g filter. Additionally, in some embodiments, the porous masses of the present
invention may comprise a flavorant. The amount to include will depend on the

20 desired level of flavor in the smoke taking into account all filter sections, the
length of the smoking device, the type of smoking device, the diameter of the
smoking device, as well as other factors known to those of skill in the art.

(01327 Suitable aromas may include, but not be limited 1o, methyl
formate, methyl acetate, methyl butyrate, ethyl acetate, ethyl butyrate, isoamyl

25  acetate, pentyl butyrate, pentyl pentancate, octyl acetate, myrcene, geraniol,
nercl, citral, citronellal, citronellel, linalccl, nerclidol, Hmonene, camphor,
terpineol, alpha-ionone, thujone, benzaldehyde, sugenol, cinnamaldehyde, ethyl
maltol, vanilla, anisole, anetheole, estragole, thymol, furaneci, methanol, or any
combination thereof.

30 01337 Suitable tackifiers may incude, but not be limited to,
methylcellulose, ethylcellulose, hydroxvethylcalivlose, carboxy methylcellulose,
carboxy ethylcellulose, water-soluble cellulose acetate, amides, diamines,
polyesters, polycarbonates, silyl-rnodified polyamide compounds,
polycarbamates, urethanes, natural resins, shellacs, acrylic acid polymers, 2-

35  ethylhexylacrylate, acrylic acid ester polymers, acrylic adid derivative polymers,
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[0147] Particle Release. To neasure the anmount of particles released 10
when a fluid is drawn through a filter (or porous mass), sanples are dry
pt. Af f ed wodotms1gaarti cl es rel eased are coll ected on a EGamhrseagesasl.
[0148] The particle rel ease characteristics of porous nmasses were conpared

to a Dal mad-an Gk %bw(o@bﬁ,@ﬁér@' Ze#ﬂcﬁﬁiﬁbQHdOQStEPVYszéﬁcﬁ%r}uer@aﬂ&kf@ﬁew S

cyl i nders measuri ng mm x 20 1) Orous nmass Wt
carbon, (Bcrdesor aa%yawgbawm@hwi @f“y@ﬁﬁbfoﬁ"rh@@@n@%@érﬁ‘vﬁh?@ﬁ“f Washed,

and (3) a fon} ks, afethihd, 8 Wt dbrALUB of n@@%b%th;l@ li€add PRhMMsIoME t he
results of&?%\e Sart|cIiéﬁ’/relaeaseNtesgt ¢ \/y\O 05152;3P%:T/ us2011/ 056388

Table 2 Sdﬁ%‘lr@c‘fyﬁ‘i:t pef ?ﬁﬁﬁmnﬁm‘r’fﬁ@r% n@iy%e@ HBRTMEARYSR) nmCAPBh Loss/
mm fii tser Lasg@chmidh al p&arbemiiengt hiahb@ati®9 acrylamido-methyl-propane

sulfonate polymers, acrylamido-methyl-propane sulfonate derivative polymers,
acrylamido-methyl-propane sulfonate co-polymers, acrylic  acid/acrylamido-
methyl-propane sulfonate co-polymers, benzyl  coco  di-(hydroxyethyh
quaternary amines, p-T-amyl-phenols condensed with formaidehyde, dialkyl

10 aminge alkyl {meth)acrylates, acrylamides, N-(dialky! amino alkyl) acrylamide,
methacrylamides, hydroxy alkyl {meth)acrylates, methacrylic acids, acrylic acids,
hydroxyethyl acrylates, and the like, any derivative thereof, or any combination
thereof.

(61347 GSuitable vitamins may include, but not be limited to, vitamin A,

15 vitamin Bl, vitamin B2, vitamin C, vitamin D, vitamin E, or any combination
thereof.

(013587 Suitable antimicrobials may include, but not be limited to, anti-
microbial metal ions, chlorhexidine, chlorhexidine salt, triclosan, polymoxin,
tetracyciine, amino  glycoside (e.g., gentamicin), rifampicin, bacitracin,

20 ervthromycin, neomycin, chicramphenicol, miconazole, guinclone, penicillin,
nonoxynol 8, fusidic acid, cephalosporin, mupirocin, metronidazolea secropin,
protegrin, bactericlcin, defensin, nitrofurazone, mafenide, acyclovir, vanocmycin,
clindamycin, lincomycin, sulfonamide, norfloxacin, pefloxacin, nalidizic acid,
oxalic acid, enoxacin acid, ciprofioxacin, polyhexamethylene biguanide {PHMB),

25  PHMB  derivatives (e.g., bicdegradable biguanides like polyethyiene
hexaniethylene biguanide {PEHMB)), clilorhexidine gluconate, chlorshexidine
hydrochloride, ethylenediamineletraacetic acid (EDTA), EDTA derivatives {e.g.,
disodium EDTA or tetrasodium EDTA), the like, and any combination thereof.

(01387 Antistatic agents may comprise any suitable anicnig, cationic,

30 amphoteric or nonionic antistatic agent. Anionic antistatic agents may generally
include, but not be limited to, alkali sulfates, alkall phosphates, phosphate esters
of alcohols, phosphate esters of ethoxylated alcoheols, or any combination
thereof. Examples may include, but not bhe limited to, alkall neutralized
phosphate ester {e.g., TRYFAC® 5559 or TRYFRAC® 5576, available from Henkel

35  Corporation, Mauldin, 5C). Cationic antistatic agents may generally include, but
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[0149] This exanpl e denonstrates that porous masses have conparabl e
particle anounts that are rel eased upon drawing as conpared to 5 Dal rnati an
filters ewerow/ashsssany times nore carbon | oading, 4.5 tiPEBASC@INASG388t hi s
exanpl e. Further, particle release can be mtigated with porous nasses with

treat ment st Id@nﬁﬂ@é@lt@gqu@m%rry k@Al kN gai8d 8RS iGR:EiRe wma%&gé& g he
bi nder concentration in the porous mass, i ncreasing the degree

mechani cal PIsithdi nfg'a ot he F5BF OIS s SNEUORICS i Uiier SASi n@ﬁ‘t@éy?i#ﬁ@r‘ﬁi

bi ndi ng 1Qienparad, Uk, gs) eth@Q%'afHdZ F8, bBRsSizesArdeshapgsof (dreuaddiztéy e
(e...g., carbon), Therefore the present
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Furtherm)re |mtat|onsare tended to the etallso constructlon or

desi gn her“é‘f"‘rf“{if?fﬁiféri?g BEHT R BdPaakS R eT e, ARl Bel G TE7ReS

t her ef or e @vhdentont haduigiRe Al tyrcaharcodintgichatiarese ot iendrs disaliosed
above may be 20 altered, conblned or nodified and all such variations are
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absence of an C!gﬁm&*nt that s _not s _ec |caI %ﬁé?dl scl osed herein and/or any

opti onal EEUD R ERa R o Bi FRECUNT e hoHY e
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25  path, a heat source in thermal communication with at iaaagt a first portion of the
material path, and a cutter disposed along the material path after the first
portion of the material path.
(01387 Some embodiments may include continuously introducing a
matrix material into 2 mold cavity and disposing a release wrapper as a liner of
30 the mold cavity. Further, said embodiments may include heating at ieast g
portion of the matrix material so as o bind the matrix material at a plurality of
contact points thereby forming a porous mass length and cutting the porous
mass length radially thereby yielding a porous mass.
(01487 Some embodiments may include continuously introducing a

35 matrix material into a mold cavity, heating at least a portion of the matrix

40



1. A systemconprising: a material path; a nold cavity disposed along the
mat eri al path; 6at |east one hopper operably connected to the material path
bef ore atwbeastosas4porti on of the nmold cavity and capabl eCofusb@edsesgs a
matrix material to the material path; a heat source in thernal

communi cath gk £ adto |b@%§§h@fﬂ%‘:rﬁéh}a@@rﬁéii&% ?Efuréiﬁg oﬁf@bﬁ{aicabma@s; Prerang
a e

a cutter disposed along the material path er t irst portion of 12the

material pPafRINg2 PPRRASSTEERIANGEN I AXUUTIRALPRIPR P FES 311941 hEsNi &
nonconti gypas. 3. The systemof claim11, wherein the nmaterial path is
contiguous. 4. The systemof claim1 further conprising: o a
paper feeder op8r4BRy 18 ot tEEPIEMERES: ndut BBFET Wﬁt’hi%%dﬁsatﬁﬁ%ﬁﬁﬁf‘é&’ paper

as t he smol @reaidy at B33 The rsat@mtpipagisal il 4 BrdchehyeQaPhESkBY A first
a paper feeder operably connected to the material path so as to feed a
paper as dnpiidr@,wt@gfpaf%@nqr@@ce%@ppweyer include a second mold cavity part. Said

first conveyer and second conveyer may be capable of bringing together the first
mold cavity part and the second mold cavity part to form the mold cavity and
then separating the first mold cavity part from the second mold cavity part in a
10 continuous fashion. The system may further include a hopper capable for filling
the meold cavity with a matrix material and a heat scurce in thermal
communication with at ieast a first portion of the mold cavity for transforming
the matrix material into a porous mass.
(G142 Some embodiments may include introducing a matrix material
i5  into 2 plurality of mold cavities and heating the matrix material in the mold
cavities s¢ as 1o bind the matrix material at a plurality of contact points thereby
forming a porous mass.
81437 To facilitate a2 betler understanding of the present invention, the
following examples of representative embodiments are given. In no way should

20 the following examples be read to limit, or to defing, the scope of the invention,

EXAMPLES

F8144] Integrity Testing. To measure integrity, samples are placed in 8
French sguare glass bottle and shaken vigorously using a wrist action shakear for
5 minutes. Upon completion, the weight of the samples before and after shaking
25  are compared. The difference is converted to a percent loss value. This test
simulates deterioration under extreme circumstances. Less than 2% weight loss
is assumed to be acceptable quality.
F8145] Porous mass samples were produced with GUR 2105 with carbon
additive and GUR X182 with carbon additive were produced both with and
30 without paper wrappings. 5Said samples were cylinders measuring 8 mm x 20

mm. The results of the integrity test are given below in Table 1,
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6. The systemof claim1l, wherein the nold cavity conprises a rel ease
agent . 7. The systemof claim1 further conprising: 24a rel ease

f eeder opwoabiyostsasnected to the material path so as toPCeat2@1/08d3sgase
wrapper as a liner of the nold cavity. 8. The systemof claim7,
wherein the release feed is a rel ease conveyor capabl e of continuously
cycling the rel ease wapper, 9. The systemof claiml, wherein the
nol d cavity conprises at |east two nold cavity parts. 3010. TR&iesyst em of

end and a second crGURIong S| Bagt ial Mol e el 1 hecrOl e (5 11, The.
1.t udl 3 Ity. )
Ry cown gt boghy oI ApERY

system of cl ai m-L;— wher-ei-n-t-he—Hohd-cav —gt—Bf- bet ween
vertical and horizontal . 12. Th%5§355t em of E1%i" 1 furt h%"r64?fbnpri si ng:

at | east one sel ect&d5f rom t heBgridup consi 8t59g of . a vélilffetric feeder, a
mass flow feeder, &a&igmavi netrigsfa@eder, and.28% conbi natis@m: t her eof

oper ably connect ed #i@st he hoppeg.3pl3. The gyisbem of cl a mpd, further

conprising: at |east,pne sel eckgdfromthe, gepup consi gl ggr.of 1 a
garniture, a ) ' s '

X192 75:25 13.88% 43.78%
X182 70:30 8.989% 14.33%
plasticized /
carbon-on- 4.01 mg/mm (.98% n/a

tow filter carbon

(01487 This example demonstrates that increasing the percent of binder

5 {(GUR) in the porous mass and including a wrapper {paper) enhances the

integrity of the porous mass. Further, porous masses can be designed to have

comparable integrity to a Dalmatian filter (plasticized carbon-on-tow filter},
which is used for increased removal of smoke components.,

01477 Particle Release. To measure the amount of particles releasad

10 when a fluid is drawn through a filter {or porous mass), samples are dry puffed
and the particies released are collected on g Cambridge pad.

[0148] The particlie release characteristics of porous masses were
compared to a Dalmatian filter (plasticized carbon-on-tow filter). Samples were
cylinders measuring 8 mm x 20 mm of (1} a porous mass with 333 mg of

15  carbon, (2) a porous mass with 338 mg of carbon having been water washed,
and {3} a Dalmatian filter with 74 mg of carbon. Table 2 below shows the

results of the particle release test,

42



6 ram press, a piston, a shaker, an extruder, a twin screw extruder, a
solid state extruder, and any conbination thereof along the material path
oper abl y wonneosesdst o t he hopper and the nold cavity. 12CTHise013s438sn of
claim1l further conprising: a matrix blender along the
material path prior to the hopper or operably connected to thgihopper so as
to mMmx themtrix mterial 1215 . The systemof claim.14 _wherein the matrix
bl ender is selected frottal grouﬁ m&;&tjl NY Ofpiaeiy I b@@@@h@ﬁd@;ﬁ;a

paddl e bl endgkmRep! OW bREPRRR gg &cone bignder, %:{Hﬁaé‘i shal

bl ender, a planetary blefEpg a flug d bl engegey a h
bl ender, a_rotating druni™&bl endi nq%?g§ew a gotgé)}v n xerwégﬁﬁanv

conbi nat i Oothey €Qks 333 16. Thegsysstem of gligim 1 furtheszconprising:
18at | east two corrponent hoppers that operably feed a plurality of
conponent s of*3Re" nat eri ajag nto the topper. 17.0.0Jhe systemafzglaim1

further coff'sihgss a second heat source in thermal
conmmuni cat i arimetiln at | eaz%n athird Ray tion of ég mat er i aI h before the
ol d cavity. I&erThe syst of clai m’l further gprl Si ng: cool i ng

source i nTthermal conmmuni cation W th at éast a §éC'Gﬁd""rjﬁT"f“""'(j'ﬁ“"'O'f'""'f"ﬁ'é“

material path after the first portlon of the material path. 19. The
system of cl ai kP282InHét%ei fxemelecodrMugsydifscetha | ROTOREr nERSESMTIAT € at i on

with the mald.Camit Yarticle amounts that are released upon drawing as compared to
5 Dalmatian filers even with many times more carbon loading, 4.5 times more in
this example. Further, particle release can be mitigated with porous masses
with treatments like washing. OCther mitigating steps could be increasing the
binder concentration in the porous mass, increasing the degree of mechanical
binding in the porous mass {e.g., by increasing the time at binding
18 temperatures), optimizing the size and shape of the additive {e.g., carbon}, and
the like.

FO158] Therefore, the present invention is well adapted to attain the
ends and advantages menticned as well as those that are inherent therein. The
particular embodiments disclosed above are illustrative only, as the present

15  invention may be meodified and practiced in different but eguivalent manners
apparent to those skilled in the art having the benefit of the teachings herein.
Furthermore, no limitations are intended to the details of construction or design
herein shown, other than as described in the daims below. It is therefore
evident that the particular illustrative embodiments disclosed above may be

20 altered, combined, or modified and all such variations are considered within the
scope and spirit of the present invention. The invention illustratively disclosed
herein suitably may be practiced in the absence of any element that is not
specifically disclosed herein and/or any optional element disclosed herein. While

AR\

compaositions and methods are described in terms of “comprising,” “containing,”
25 or Vincluding” various components or steps, the compositions and methods can
also “consist essentially of” or “consist of” the various components and steps,
All numbers and ranges disclosed above may vary by some amount. Whenever

a numerical range with a lower limit and an upper limit is disclosed, any number



20. The systemof claim1l, wherein the heat source is in thernmal

comuni cation with the nold cavity. 3021. The systemof claim1l, wherein the
heat sourwe 20e/@sed48ct ed from the group consisting of: aPCadiSaent/ 0S8 ce, a
conductive source, a convective source, and any conbination thereof. 22.The

system of GlsabRy Lnches %Hqé h@aa;h@a&;gtﬁ@uw@ r§RHP4 &@a@c;ﬁadslyea%t:so@@@ sel ect ed
fromthe group consisting of: a heated fluid 1nternal cavity, a

heat ed f| Wiadtigxerfiary tféﬂﬁ%é’fﬁﬁ“ﬁ’gc&ﬂt@? fﬁéﬁqeaﬁ?ﬁhaﬁ@ait édol ‘ﬁ%‘?‘tﬁ' %aé“”

secondary dadizAdd@n - frbﬁﬂhépr’@&ﬁﬁﬂ%w bab®, 8P & \Fbies%i\f U‘rfr’aﬁ‘?%ppﬁ)xmn@f@y
thernoel ectric material, and any conbi nati on her eof The system of

clai m 22, aHer BEROFYE PeELR IR 99 rEURE P 1P SR UHe eﬁﬁWoB‘éfF‘P?EF‘Ed F8"9% oduced

by expesi ngycthgaBaRPRam! ﬁiseamto@deal emc_feo@faﬁﬂ@éé C aAtRdi:At it8ns BP&Thgirsyst em
of claim 1 further conprising di e di sposed al o cﬂ@t he mat eri al

path after et"ﬁé“%l%?‘&a@ﬂ”&‘/a‘yéﬁeqfﬁ@g é’?ﬁ%rﬁ“@ﬁ”’d@%ﬁﬁ“ﬁ?‘tWﬁfﬁ FERBRBITET ng:

at | east afensehaatess f ri\@cﬁﬂebb@" &h@uﬂdé‘mﬁé st of” oA 50F | 8 ysa nghe a
wheel , a belt, a gear, onbi nati on thereof disp osed al on

t
mat eri al ﬁé‘?‘ﬁ‘*a?f%fjef“ﬁ%j H%‘Ieéf“ %\?‘F?V %%I%é‘?fﬁ?‘éh?ﬁé’“@ﬁftt@f? elgmogt %Tf% iEyst em
of claim infrygthel GPAPESIsNGhy conflict in the usages of a word or term in this

10 specification and one or more patent or other documents that may be
incorporated herein by reference, the definitions that are consistent with this

specification should be adopted.
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a fluid c
The syste

from t he wWoaor/so¥si sting of: a blade, a hot blade, a cachiuseoihlosctes a

stellite
snmoot h bl
| ance, a
The syste

the nol d
conbi nat i

varlable
dlgltall
t her eof .

mat eri al
mol d cavi

onnection in fluid commnication with the nold cavity.

27.

mof claim1l, wherein the cutter conprises at |east one sel ected

bl ade, a ceram c bl ade, a hardened steel blade, a dianond bl ade,

ade, a serrated blade, a | agehzm& pressurized fluid, a liquid

as 18l ance, a qguillotine, and any conbi nation thereof

a

28.

M nkeRion dlarRY Ker conpri si ng: a control system
operably conneqt ed hgyatert eaShrigng: sel ected from the group consisting of:

cavity, the hop Per he heat source, the cutter, and any
on t her eof @ Materia

transfornmer, an ohmeter, gro gr anmabl e J%glc con roll er

ogi ¢ C|rcu??km§hﬁﬁ?@8PP?c%Wm'BW&W“”&“@gﬁﬁ

a

_at least ﬁgenﬁnnaFMdn@@rTw\ﬁ;tglm capntd puRsing & RtaeduebRgiadtdmat ri x
to a no 11_fg)awty; di sposing a rel ease wapper as a liner of the

t & MG

3Y; The system of cl ai m 28, mhereln the control
system conprises atgy wzfﬂdlcﬁam d%@@&:&ﬁhi@ﬁh&ﬂew&m;mh@atgrOUp consi sting of:

ﬁ“aﬁﬁ@ QﬂV‘E@ﬁﬁ?natlon

ng at least a portion of the matrix material so as to

bind the matrix mat@rhlea{ s@lircd iPhsabditasnohuciomt@cvipaitnessitherehyfier m ng a

por ous na
yi el di ng

12

18

24

30

and cuttlng the porous nass length radially thereby

S 5be Sk ShalinS 8ht

a cutter disposed along the materigl path after the first portion of
the material path.

2. The system of claim 1, whersin the material path is noncontiguous.
3. The system of claim 1, wherein the material path is contiguous.
4. The system of claim 1 further comprising:

a paper feeder operably connected to the material path so as to
form a paper as the mold cavity.

5. The systam of claim 1 further comprising:

a paper feader operably connected to the material path so as to
feed a paper as a liner of the mold cavity.

6. The system of claim 1, wherein the mold cavity comprises a release
agent.

7. The system of claim 1 further comprising:

a release feeder operably connectad 1o the material path so as to
fead a release wrapper as a liner of the mold cavity.

8. The system of claim 7, wherein the release feed is 8 release
conveyor capable of continuously cycling the release wrapper.

9. The system of claim 1, wherein the mold cavity comprises at least
two mold cavity parts,

10. The system of claim 1, wherein the mold cavity is cylindrical having
openings at a first end and a second end along a longitudinal axis of the mold
cavity.

11. The system of claim 1, wherein the mold cavity is at an angle at or
between vertical and horizontal.

12, The system of claim 1 further comprising:
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31. The nethod of claim 30, wherein the rel ease wapper conprises a paper.
32. The nethod of claim 30, wherein the porous nass length is a wapped
porous newe 2bemgisasand the porous mass is a w apped por @03/USaEI3/056388 33.
The nethod of claim 30, wherein the rel ease wapper is renovable. 6 34.

The nethod of clai %@%asmé%éﬁe&@@tﬂ%%g @/m'&.aﬂtcfd?g%@ahggoft he 0&tFickric
material is indexed and a_spacer di sposed between the indexed matrix

materi al . feeder, a ma"%gim’ﬁﬁ?dﬁ’ét%(S'Haﬁfm‘é’[”élf%% £0F tHer CUBRPRTIST ABeeRT xi ng

the matrixmeiQli-shnd¥egobidhhghat | east two conmponents. 36. The nethod of
clai m 30, wherein heating involves at |east one 12 selected fromthe group

consi sting of: & hedfR8YFru of F#fet AN URRIHBYd cavity, a heated fluid

external to the nol g Gavi bie 128N rAanrhe el Nesdsidad o8eGopsanurd agli ation
froma nanoparticle, an oven, a furnace, a flame, a thernoelectric

mat eri &, TAAYPESY B GHE P Rafi DR Ehaeriruder, a twin screw exHECHptthaRliFtats ai m
36, whereléxtﬁda%rsmn%w cbﬂ@sr@it!@@n th&QEY t REnHanRDafbicshe w;hprogdm,d by

exposi ng the nangparticle to el ectromagnetic 18radi ation, The
met hod of CraFHFS6° thihErPEPH HEAETSGCIS T Ya t enperature at or above whi ch
at least a portigon mfﬁewﬁeMHdsaﬁmtf@ﬁhéﬂ cSRbHARAS: 39. The net hod
of claim 30 further risin

a md rix ble %er along the material path prior to the hopper or
oparably connected to the hopper so as to mix the matrix material.

i2 15, The system of claim 14, wherein the matrix blender is selected from
the group consisting of:  a ribbon blender, a paddle blender, a plow blender, a
double cone blender, a twin shell blender, a planetary blender, a fluidized
biender, a high intensity blender, a rotating drum, a blending screw, a rotary
mixer, and any combination thereof.

16. The system of claim 1 further comprising:
i8 at least two component hoppers that operably feed a plurality of
components of the material into the hopper.
17. The system of claim 1 further comprising:
a second heat source in thermal communication with at Ieast a third
portion of the material path before the mold cavity,
18. The systemn of claim 1 further comprising:

24 a cooling source in thermal communication with at least a second
portion of the material path after the first portion of the material path.

18.  The system of claim 18, wherein the cocling source is in thermal
communication with the mold cavity.,

20, The system of claim 1, wherein the heat source is in thermal
communication with the mold cavity.

30 21.  The system of claim 1, wherein the heat source is selected from the
group consisting of: a radiant source, 8 conductive source, a convective source,
and any combination theareof.

22.  The systemn of claim 1, wherein the heatl source comprises at least
one selected from the group consisting of:  a heated fluid internal to the moid

cavity, a heated fluid external to the mold cavity, steam, a heated inert gas,
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m xing the matrix material by conmbining at | east two conponents.

40. The nethod of claim 30" wherein the matrix nmaterial conprises an

24acti ve wanpizaises4and a bi nder particle, 41. ThePo@tusod 1086388 ai m 40,
wherein the binder particle conprises at | east one selected fromthe group

consi Sti NGt F@:ﬁétﬂﬂw rmkfﬁcgl %@nwargbs% P y@}éﬂﬁl ENEwrnN&,Ya hﬂgﬂem& ecul ar
wei ght pol yet hyl ene, gh nol ecul ar wei g lene, a polyolefin, a

pol yester ,} Srrﬁ%ﬂ“E?ﬁﬁ‘f"d@at@é‘ahﬂngrﬁnyaf%%@*?%ﬁ”i/F fegeoly poI ystyrene, a pol yvinyl,

pol yt et raf | uor oet hy*rﬁ@%ysﬂaﬂi yetheh £t hefekeal Wse@br&@@ﬂf sa&& dd BoAiishe
pl asticized cellul ose, polyethylene, polypropylene, polybutylene,

pol ynet hy| FeRpartise ‘PoWQﬁé‘ﬁ@?t 4 p%ﬁ‘igfé"éf}ﬁ/l@ﬁe nanPRRIEFS dil H@I%E"F’anet‘c
pol yet hyl eaeizthhgh- density pol yet hyl ene, pol yet hyl ene terephthal ate,

pol ybut yl ene terepht hai ate, polycycl ohexyl ene di met hyl ene terephthal ate,
pol yt r fet hyl erné: te?‘é%ﬁ‘t’ﬁﬁ%‘?feﬂa“ﬁbili%h?‘h‘iﬂm%iiﬁ%cr yl ate, pol ystyrene,

acrylonitrile-butadj %ir@§%}éé@ﬁieaiaﬁé Yﬁ@ﬁﬁﬁ@ﬁé%a@ﬁh&@ kige Ay EQNE but adi ene,
styrene-nal ei c_anhydri de, ene vin acet ate, ethylene vinyl alcohol,

pol yvi nyl chl orde, ! ‘&%F’Yﬁf?j‘s@yfé @’tétﬁértx%fe‘l:qpﬂ?%‘%@qacet ate butyrate., a

pl asticized cell ul 0si GasCehd HbiOSRIBFARILRAGFSUp @iﬁ%}@tm@&if' W aser, a’iﬂé!g,
derivative thereof n%? copol ynmer thereof, and conbi nati on thereof

42. The metisd oet & 3470ﬁ“We‘riﬁn?‘ﬁét‘%tth‘?fé%ﬁiﬁ’?f’%qdea@Hﬁﬁﬁesfﬁéteé‘tai 6

| east one @Qh%ﬁhe@hé (803 3] tmt@g@ype@e@sm§tuﬂ@g of : activated carbon, an on
exchange resin, a de5| ccant icate, a nol ecular si eve, a silica gel,

activated al umiéfa, &" *ié‘éﬁtfa%@faﬂ?iérf Lifgrahes SEPTRTFE® Fuller's Earth,

magnesi um si |l i cat e, g @uetein0Kbaer f;umqrmmud@au@rmdj;wmemmldaattyon t her eof .
43. The nethod _of claim40, wherein th aQtlé}/]ﬁéﬁartlc e conprises at | east

one sel ected frdm t hg® &i’/%tiﬁfﬁq Ooiré St FnghgFen S QMRS Eartidicpaltf cl e, a
%anar bf)nkgémeécuh@nhava Beoudt cdr@Bsingoste wadlhde, aa aaf bQi@ieDéﬂﬁH’tBsﬁﬁ bléde, a

anboo- | | ar bon, nanost r uct erene_aggr,
graphene, - eiﬁ?ﬁ/v%? er® @?&W‘@naiaggxlad{*ﬁré}ﬁ Sa%ﬁ‘éing ':‘L(éﬁn 9 P@ﬁmﬁg‘?&
nanoparti aingectd m@cﬂgpzaﬁérmdee bi@dem%i ﬁebuﬁl%‘l@@aﬁlﬁm@d%uaﬁ, gohdidnanepat thel e, a
silver aﬂﬁ‘ﬁartl cl. @ a netal oxi anoaartl an al um na nanoparticle, a

magnetitc S TEES 2P AN F OhHidpdrti cl e a super par amagnet i c
nanoparticle, a@sgadohé Biitamwoxi dem 18unaﬁ;0<maﬁpmﬂh@, a herrati te nanoparticle,
3 TRAnet e nanopar L o Foy & JAIOTANGL ADS . DSl Werens. el R0
oni onat ed theofrcQyi chensiaimgpal: t Itmleem@am?taailw, muﬁﬁérl omet hegtesbyrce, the 44,
The net hod ?mcj}r@ gnmffgémghnamnqhgpp%frratr| x material further

29, The system of claim 28, wherein the control system comprises at

24 least one selected from the group consisting of:  a variable transformer, an
chmmeter, a programmable logic controller, a digital logic circuit, an electrical
relay, a computer, and any combination thereof.

30, A method comprising:
continuously introducing a matrix material into 8 mold cavity;
disposing a release wrapper as a liner of the mold cavity;

30 heating at least a portion of the matrix material 50 as to bind the
matrix material at a plurality of contact peints thereby forming a porous mass
length; and

cutting the porous mass length radially thereby vielding a porous

mass.
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conprises at |east one additive selected fromthe group consisting of: an
active 24 conpound, an ionic resin, a zeolite, a rianc.)particle, a
ceram c paotocdesis4a gl ass bead, a softening agent, a pl ®ETiUuS2@e056388
pigment, a dye, a flavorant, an aroma, a controlled rel ease vesicle, an

adhesi ve, a tackifiere rdtblbd fo@Qﬁauﬁ‘PgibfWﬁ@?és@@h@ggi%be Xripdldinp RO OXi de,
a biocide, an antifungal, an antimcrobial, an antistatic agent, a flane

r et ar dant ,P@*8&egr adati on agent, and any conbi nati on t her eof ,

45. The nethodzef cigd m3khedWBerRin the W@Mﬁtﬁ@%ﬁ;rg@s n%ééolcd\gag iyol ume of
about 40% to about 90% 46, The met hod of claim 30, wheréin the

porous mMaS¥ ARAST ARTAE TS FaARH é‘l‘%tﬂ‘%aﬁrcﬁ% BFSSHP 3 WEPPCABGITU1MREF MM and an

encapsul at ed pressurge H@Rod 868alrMan, abRWin20: ME:0de Wad Bler ReFaridagt h of
por ous nass. 47. The method of clai m 30, wherein the por ous nmass has

a carbén | oadi 7§ of 788 TEHEE 8boti®™s Y/ HRFEHT %‘H‘%‘h‘@&ﬁéul’"ﬁf@d’%‘ﬁe%%

drop of ahafix2faBRHfis WaleRbd @hdl £5Sadeens A¥peted BAGIdRN the index#Bmatine
nmet hod of claim 30 further conprising: oper abl y

connect i ng"#¥é%or ous mass with at |east one filter section 6to forma

mul ti-segment edsfil ¥R method of cé4fn 3Bvenmet bedpekingt ai m 48, where the at
| east one filter section conprises at |east one selected fromthe grou

consisting of: a caVli)y "ae SELHRINPETBULY RYBSINE Bolegpt By FYRBONE S
pol yet hyl ene, agpol Y!@é ehbthobiows @wﬁowpwﬁy@ana@éw i dp@dsy at hyd#nene

ter epht haI a pol | ene tere hal at e, random oriented acetate, a
paper, er%%‘g trege %&p@%upa@é%’ﬁ% P%| ¢ Wﬁﬁtﬁ%%“‘d INEPBbYY- ‘gﬁ MOHICVEY,
silica, WBEQH@@J&I@HHLM lLieahg, toanzeabid &vitg, miaamé &éa@ﬁ&ﬁ@rﬁ g%as§§éémnd@ry
catal yst, sadium chl ori a flavorant, a

. nyl.on, c

cel | ul ose, @438 | r?@s?c“ﬂma{%‘??'v@“ TEY SE‘é‘aéi@fetaa %‘“Ga acé*ffg{mii?%ct”c
converter ;ﬂa@dgan@p@g&;ﬁmrdggqaag;@@%rggf povvder a car bon partl cle, a carbon
fiber, afiber ag] a, nangpar |ce a void er baf f| ed
vord chanber . 37cer T SR AL HETT Ottt 8ad straikeBn Sur<1d Sl e per
fil arrent @r@@hhws@s;e perfiate bewespddhpbout nibogleticer tpeeletBbnlagrent or
great ﬁg@gg% conbi nati on thereof. 50. The nethod of claim48

n

furthef g: packaging the multi-segnme.nted filter. 51. The
met hod Of cl ai 330 T rhehod @prdisi Y wherein heating is to a temperature at or

above which at least a portion of the matrix material softens.
38. The method of cdaim 30 further comprising:
mixing the matrix material by combining at least two components.
4¢. The method of claim 30, wherein the matrix material comprises an
24 active particle and a binder particle.

41, The method of claim 40, wherein the binder particle comprises at
least one selected from the group consisting of:  ultrahigh molecular weight
polyethylene, very high molecular weight polyethylene, high molecular weight
polvethyleng, a polyolefin, a polyester, a polyamide, a nylon, a polyacrylic, a
polystyrene, a polyvinyl, polytetrafluoroethylene, polyether ether ketone, a non-

30 fibrous plasticized cellulose, polyethylene, polypropylene, polybutylene,
polymethyipentene, low-density polyethylene, linear low-density polyethylene,
high-density polyethylens, polyethylene terephthalate, polybutylene
terephthalate, pelycyclohexyiene dimethylene terephthalate, polytrimethylense
terephthalate, polymethyl methacrylate, polystyrene, acrvlonitrile-butadiene-

styrene, styrene-acrylonitrile, styrene-butadiene, styrene-maleic anhydride,
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operably connecting the porous mass with a tobacco colum to form a snoking
devi ce. 2452. The nethod of claim 30 further conprising: cutting the porous
mass radivDl2g91705t8at east two sections. 53. The net hodPofi/usk@ilesdas f urt her

conpri si ng: operably connecting at | east one section with at
| east one dih|kgE §a@i9¥'a‘2@tét@ f&wbaewilnw -HEHBN R @;al ERErido4 cem@s@et hod
of claimb53, where t | east one filter section nprises at | east

one sel ect%tﬁ’tff‘oﬁﬁ*iftﬁ%gegﬁ%i‘iﬁt%%‘ﬁéﬁ%if’l AgPiBFticizedegRiuigpic, & 9&%‘@6?1@‘“%?%@ ness,

a pol ypr opyth@nee)@ioh8) Yehnyeenasiva aelyal ekhp EQw) rﬁepoii%Pé&PWa@dﬂeaﬁ\PW a
pol yet hyl ene terepht hal ate, a pol ybutyl ene terephthalate, a random ori ented

acet at e, dvﬁﬁgb%?tiorh“}%f?qfugat ed paper, a concentric filter, a carbon-ontow,

silica, magnesigym sihé Gai®od B2 18, WwhdmBhegld afi §é(@yciéar§@bhsesﬁat
catal yst, sodium chI oride, nylon, a flavorant, tobacco, a capsule,

cel | ul &se,'e35tcang (ARG &Q‘Fv‘éﬂq FEOUR SPNHPYRE HecerHtuates E%rtbé’ﬂytqf‘c ion

converter ,eﬁgﬁgshcﬁvﬁ rélﬁ%ﬁ\t@%iéga@car% GO &R POWASEcLIA 6RLHOR slﬂ%étggéﬂ Bativat&@r bon
fiber, a fib a gl ass ananopartlcle a voi d chambe a baffled

voi d charrt)*“éil“'m’?{'j G%F‘I“Q.W%'s%efé&eetgﬁpép“ﬁ%ﬁweﬁ”ﬁ sy "ﬁﬁﬁﬁﬂe%%u‘t”“cf@efdéﬁi‘%ﬁaﬁ per

filament, @i&elildN @58 a&g{@i\p@@mﬂm;gmﬁ@@gt 10 denier per filanment or
greater, and an% conbl nation thereof, 655. The nethod of claim52 further

conpri si ng: he me%ﬁ@r‘ﬁb‘?@“&éﬁné@ﬁ"ﬁ‘@ e PER& PRNE'SERTPEREWPE h a
t obacco caobsimricOsdiaitan aosield f@dudaingRiing of: a nanc-scaldbcarbbe paetfgds of

claimy55 further conprisin ckagl ng the snoki ng devi ce. t hod
corrpr|1§1 ngcarti%é‘ﬁf‘?%&%wgﬁi 86%??% Y@l FENPCRBR IR i ﬁtt@r%?%"?a

cavity;, carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a few layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal
nanoparticle, a gold nanoparticie, a silver nanoparticle, a metal oxide
naneparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagnetic nanoparticle, a gadolinium oxide
i8 nanoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-
nanctube, an endofullerene, GA@C64G, a core-shell nanoparticle, an onionated
nanoparticle, a nancshell, an onionated iron oxide nanoparticle, and any
combination thereof,
44,  The method of claim 40, wherein the matrix material further
comprises at ieast one additive selected from the group consisting of: an active
24 compound, an ionic resin, a zeolite, a nanoparticle, a ceramic particle, a glass
bead, a softening agent, a plasticizer, a pigment, a dye, a flavorant, an aroma, &
contrelled release vesicle, an adhesive, a tackifier, a surface modification agent,
a vitamin, a peroxide, a biocide, an antifungal, an antimicrobial, an antistatic
agent, a flame retardant, a degradation agent, and any combination thereof,
45, The maethod of daim 30, wherein the porous mass has a void
30 volume of about 40% o about 90%.
46, The method of claim 30, wherain the porous mass has an active
particie loading of at least about 1 mg/mm and an encapsulated pressure drop
less than about 20 mm of water per mm length of porous mass.

49



heating at |least a portion of the matrix material so as to bind the matrix
material at a plurality of contact points thereby formng a porous mass

| engt h; awo 2ext0SuI8BNg t he porous nass | ength through a @&Ce/usa®@.1/03¢388 net hod
of claimb57, wherein the matrix material conprises an 18 active particle

that conprises gt | ¢RstnORB:SE B6Hedkd, roReLhe e %Pm%oﬂx%‘sﬁﬂﬁga Qfarbéh
nano-scal ed carbon particle, a carbon nanotube having at |east one wall, a

carbon narl®#ére of @t ieamcoor ReMeAPBoAN ARCACR BB IEIAE, PrassuirIBPRmE abgut

ful | erene AYGEIRLR LIS ARRERS: mdh Bewﬂpayer graphene, oxidi zed graphene, an
i ron oxide nanopartlcle a nanoparticle, a netal nanoparticle, a gold

nanoparticle, &%sil|V@® ”??éh%ﬁf fjﬁ‘iﬂ‘e’g frih8t SPMEXF'@8: nanoparticle, an al um na

hanoparticle” a magpgdiz6ly AhrRanePaid betRs AafahARRANEIH Greanapaktisl e, a
super par ar nagneti ¢ nanoparticle, a gadolinium oxi de nanoparticle, a

hemati e HANBPARA TH|ts5eymARGAdEia e nanoparticle., a gado- nanotube, an

endof ul | erene. 49Gd@HRY, mattR@r ef shehl JzangRakt kied Qat RBsOYrRNalked sec‘cmﬁ
nanoparticle, a rianoshell, an onionat ed iron oxjde nanoparti cl e,

any
conbi nat i GRTIREREGH jeast one selected freg thpn@ronBtRBESERY Of aitniay iy, \W{?@F%ﬂfﬁ t he
POr ous NBSSHrH@Ss rrks¥ Oh %o%rt&’@ié’rﬁ@ @b@i@@@#}'ﬂe@% pQy @O E0R0YopotypropyiBfe The

nmet hod of claim57, wherein the porous nass has an active %artl cl e | oadi ng

of at IeastPWab‘é)LROi‘ietﬁiﬁeﬁﬁ E’ﬁﬁpﬁwd@%@aﬁs@Pﬁﬁbéiayiﬁ?%s@ﬂ‘??g‘taﬁié | 8sETREh about

20 nm of v@ekedatetdte,| £Rgbly, of cHOLQUBINRSSr, a concentBl fillHRga@ihatonf claim
57, wherein the Or ous mnmmss qas a carhbon Ioadgeﬁ& of at |east about 6 nmg/ nm

and ant‘end8Ps §i'kfe M FHESEMN (P DFEALBUE DO'SHHIHIS WS & SHF F &€& nm of

| engt h. bod;um%mrmesy@ti@rm 6 Ok SN Gobacco, a capsule, Lesauam% okahgaait ty
conprising at |east 6cavity havin

ongi t udi A VaSTe: C%ﬁ‘?‘?ﬁ%?“’éﬁ?ﬁle@ oS Hiera P PSP Ead (9 aar t; a
second coOnueyR, §QERFdrShAGcR, SeERch APk Cobkl ¥ Padstbead, a namparticie a
AN e C IR A M C LA
part to fomauthe soligr eavFtanmand aseparabi agrdtheaoch wat amlud wawediyr part from
18  filament or greater, and any combination thereof.
50, The method of claim 48 further comprising:
packaging the multi-segmented filter.
5i.  The method of daim 30 further comprising:
operably connecting the porous mass with a tcbacco column o
form a smoking device.
24 52.  The method of claim 30 further comprising:
cutting the porous mass radially into at least two sactions.
53. The method of claim 52 further comprising:
operably connecting at least one section with at least one filter
section to form a multi-segmentad fiiter.
54, The method of claim 53, where the at least one filter section
30 comprises at least one selected from the group consisting of: a cavity, & second
porous mass, a polypropylens, a polvethylene, a polyolefin tow, a polypropylens
tow, a polyethyviene terephthalate, a polybutylene terephthalate, a random
oriented acetate, a paper, a corrugated paper, a concentric filter, a carbon-on-
tow, silica, magnesium silicate, a zeglite, a molecular sieve, a salt, a catalyst,

sedium chloride, nvion, a flavorant, tobacco, a capsule, cellulose, a cellulosic
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12t he second nold cavity part in a continuous fashion; a
hopper capable of at |least partially filling the nold cavity with a matrix
mat er i al ;wearrd12/051548 a heat source in thermal conrOmiUS20110M6388th at
| east a first portion of the nold cavity so as to transformthe matrix

materi al idud-QadyPOLOUSodBESatate, a catdfpic IB@\«@Y&I epyiek SdRbiHE2e WheESI N the
ol d cavity has a desired 18cross-sectional shape when the at |east two

nol d cavi tRPYEHYt 8 CAFRCNaRYERBE @dsarbon fiber, g4liberh @ Byt Ao IWPATE2Eur t her

conpri si ngjoid cﬂé%’érf §%ﬁe&@@ﬁpkﬁa&5d 'é‘“c@guibg@ FBlle AW Mﬁh%&é" tBan
wr apper stem of claim62 further conprising

a pul | ng aRsehaRi %ﬁ*ﬁ“e‘épﬁﬁgiﬁwtnécff?ﬁﬁfoéﬁ]m&ﬁﬁﬁcﬁ@””"a””"ﬁf‘f‘ih%@ Yo BHART AT some

poi nt al ongatke: bp@gﬂawdIaﬂala;@mo&qmaﬁd}ﬁtﬁmé& cavity operably 24 capabl e of
r enovi ng the porous_mass fromat |east one nold cavity part. 66. The

syst emPof cl ai m°62 f0f FHEROEBhPRIgiSdurther comprising: 3" pyl | i ng nechanism a

pushi ng mechani sm ap&hely dodiebtih§ Gt MBERatHSHRdRhi Nen W tdbabhe chepdt tadi nal
axis of the nold cavity operably capable of renoving the porous mass from

the nol d dEUTHASMeking devige: The system of claim 62 further conprising: 30a
cutter operabl yecapakd e@hod adlbi@lh BscutihiePgoibasipgr ous mass to a desired

| engt h. . . :
packaging the smoking device,
57. A method comprising:
i2 continuously introducing a matrix material into a mold cavity;
heating at least a portion of the matrix material 50 as o bind the
matrix material at a plurality of contact peints thereby forming a porous mass
length; and
extruding the porous mass length through a die.
58. The method of claim 57, wherein the matrix material comprises an
18  active particle that comprises at least one salected from the group consisting of:
a nano-scaled carbon particle, a carbon nanctube having at least one wall, a
carbon nanohorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene
aggregate, graphene, a few layer graphene, oxidized graphene, an iron oxide
naneparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver
naneparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magneatic
24  nanoparticle, a paramagnetic nanoparticle, a superparamagnetic nanoparticle, a
gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetiie
nancparticle, a gadoe-nanctube, an endofullerens, GA@CE0, a core-shell
nanoparticle, an onicnated nanoparticle, a nanoshell, an onionated iron oxide
nanoparticle, and any combination thereof.
59.  The method of cdiaim 57, wherein the porous mass has a void
30 volume of about 40% o about 80%.
6. The method of claim 57, wherein the porous mass has an active
particie loading of at least about 1 mg/mm and an encapsulated pressure drop

less than about 20 mm of water per mm length of porous mass.
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68. The system of claim62 further conpri sing: a grinder
operably capabl e of grinding the porous nass along the longitudinal axis to
a desi r edwbentds1548 69. The system of claim 62 furPhErUScansiss ng:

at | east one cl eani ng conponent capable of cleaning at |east one of the at

i east two ol dggavi e RPRESHS of claim 570, wiheZBt B LENRY hidsB%ias a carbon
introducing a matrix material into a plurality of nold cavities; and
heati ng t H8aFES AN et ARAE APRHE PrimBHE MBI @ 28RN PEdeies st geriAl ¥ récBhmat ri x

nateri al @k}%n@bﬂ&@h&hﬁ%@&sS&”ﬁﬁ?bf@ﬂ%ﬂ&s thereby formng a porous nass.
71. The nethod of claim 70, wherein the nold cavities each conprise at

| east two nol d *davi fyFYPE §°MPYSINPhe nethod of claim 70 further conprising:

di sposing a rel easeszWhaRP&vitdScnpiidied a0fiedNQ w0ty parts, the mbki The
met hod of claim 72, wherein the release wapper is a paper. 1274. The net hod

of cl ai®m 7@YISAEY &R tREItHBING! 84%ity is a paper. 75. The method of

claim 70, wherein tBerfOf@PNsydBSSn biSsidy WFRPPediPEr Oy SprRSS. 76. The
met hod of claim 70, wherein the nold cavity conprises a rel ease agent.

77. The nethod of cPAPFRIFOCHUEY RO BBHPPY §i figond mold cavity part,

wherein the first conveyer and second conveyar are operably
capable of bringing together the first mold cavity part and the second mold
cavity part to form the mold cavity and separating the first mold cavity part from

12 the second mold cavity part in a continuous fashion;

a hopper capable of at least partially filling the mold cavity with &
matrix material: and

a heat source in thermal communication with at least a first portion
of the mold cavity 50 as to transform the matrix material into a porous mass.

63.  The system of claim 62, wherein the mold cavity has a desired
18  cross-sectional shape when the at least two meld cavity parts are assembied.
64,  The system of claim 82 further comprising:
a paper feeder capable of lining the mold cavity with a wrapper.
65. The system of claim 62 further comprising:

a pulling mechanism, a pushing mechanism, and/or a lifting

mechanism some point along the longitudinal axis of the mold cavity operably
24 capable of removing the porous mass from at ieast one mold cavity part.
66, The system of claim 82 further comprising:

a pulling mechanism, a pushing mechanism, and/or a lifting
mechanism inline with the longitudinal axis of the mold cavity operably capable
of removing the porous mass from the mold cavity.

67. The systemn of claim 62 further comprising:
30 a cutter operably capable of radially cutting the porous mass to a
desired length,
68. The system of claim 82 further comprising:

a grinder operably capable of grinding the porous mass along the

longitudinal axis to a desired length,

62. The systern of claim 62 further comprising:
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18cutting the porous nmass into porous mass sections. 78. The nethod of
claim70 further conprising: introducing a spacer with the matrix material.
79. The meolotk/53i5481 ai m 70 further conprising: grindi ngPat/uUSe@3nsesporti on
of the porous nass. 80. The nethod of claim70 further conprising:

24removi ng the poroysiamssnd E%F@%cﬁﬂ)&)e‘?@‘éhb%ie Blicahl}e; BElhed 0L el aim
70 further conprising: operably connecting the porous mass with a tobacco

col umm t o FBANRE ERIMY I devile @282, The nethod of claim 70 further

conpri sing: cutil ngat-heneareusiRss i nto porous mass sections. 3083. The
met hod of claim82 further conprising: operabl g)rrconnectl ng at Ieast one
porous mass secti on'WANCRSHREEGH F“ﬁ#ﬁ“icbap Aty 4 ipRffgviiesi eed 84. The

met hod of claim 82 fwé@tﬁﬂhe{ﬁémfik%@@nai in the mold cavRReraPLy t£enneetds ng at
| east one porous mass section to at |least one filter section that conprises

at |ea$t JRBITEEMEEEY 3 Pty BHEY of SURREARTSHNRERYWeyming a porous mass.
2012/ 051548PCT/AYS20134 09888 of claim 70, wherein the mold cavities each comprise

at least two mold cavity parts.
72. The method of cdaim 70 further comprising:
disposing a release wrapper as a liner of the mold cavity.
73. The method of claim 72, wherein the release wrapper is a paper.
i2 74. The method of claim 70, wherein the mold cavity is 3 paper.
75,  The method of claim 70, wherein the porous mass is a wrapped
POroUs Mass,
76.  The method of claim 70, wherein the mold cavity comprises a
release agent.
77. The method of claim 70 further comprising:
ig8 cutting the porous mass Into porous mass sections.
78, The method of claim 70 further comprising:
introducing a spacer with the matrix material.
78. The method of cdaim 70 further comprising:
grinding at least a portion of the porous mass.
8¢. The method of claim 70 further comprising:
24 removing the porous mass from the moid cavity.
81. The method of claim 70 further comprising:
operably connecting the porpus mass with a tobacco column to
form a smoking device.
82. The method of claim 70 further comprising:
cutting the porous mass into perous mass sections.
30 83. The method of claim 82 further comprising:
operably connecting at least one porous mass section with a
tobacco column to form a smoking device.
84.  The method of claim 82 further comprising:
operably connecting at least one porous mass section to at least

one filter section that comprises at least one selected from the group consisting
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of :a cavity, a second porous mass, a pol ypropyl ene, a polyethylene, a

pol yolefin tow, a polypropylene tow, a polyethylene terephthalate, a

pol ybut ylwoeot2nseslt hal ate, a random ori ented acetate, RCPA[S201,1/056388
corrugated paper, a concentric filter, a carbon-on-tow, silica, nagnesium

silicate, & Ze@'éatv@cy 22 @c@ﬁ&'@dmﬁé €¥8ss, asﬁbﬁxpr&;y@@ﬁ@ Xséoi %@!eﬂr@‘ a
chloride, nyl flavorant, tobacco, a capsul e, ?ose

on
cel lul osi & ‘Fﬁibt i, BelRUYRISBYRBRL 4P, é’ c%‘?‘éﬂ‘%i%‘e‘cotﬁ\?‘é??tiéiﬁiat%ocﬁ ne

pent oxi de,n A RAERE BAWICRala&, CAFRMLR A n@é@,ac@ta@ rQ%Jkagrcorﬁjda‘tQ?r a
gl ass beacl3 a nanoparticle, a void chanber, a baff voi d chanber,

cel | ul ose RRPETaT EOTERDUF (e ed SATIMOBBAYL SHies, d@ﬁﬁ%ﬁéﬁ“ﬁ)@rﬁ’”ﬁqqt%neﬁ?d‘tﬁ

cel lul ose @%ﬂ@hertg@weWatdaataa%&aa &, d@@ﬁb@fcm@ﬁdé Irkyamrgﬁwmghe%eémand any
combi nation thereof. 1285. The method of claim 7 wherein the matrix

materi & conpiFrEss ‘éﬁi“‘%ﬁ vé E)%FL{E?%‘F ed%’h"a}t“’@oniﬁ”f%"e‘@ afeebast® giier'sef ect ed

fromthe geURteONSHSEIREINfde, & NARG: §§@b@ed Lad-hen p@&ﬁdié & Earban G%boé\
nanot ube havi ng at | east one wal |, a carbon nanohorn, bamboo- | i ke carbon

nanost r uct(ie&, T E9%0 Pe¥ene “aQO?W‘F@r En¥CiEggiEdipite @ %ﬁ‘@ﬁ%é’ﬁ’éﬁ ~ '*%mf*ew T ayer

gr aphene, @nu@sg%eg&te&hwmhmsg thEn Geode 1manepar tpleelfeamenmameamabs@ e, a
netal nanoparticle, a nanoégrgrtl cl e a silver 18 nanoparticle, a netal

oxi de nancﬁ?&Ff’ctF’-c,tPe’ Wi a&‘IQHFntha Fopar gt 4 $ragiist ped r‘?‘&ﬁfo‘ﬁﬁ‘??‘i‘%ﬁ‘%ﬁ a
par amagnetiherda@noparticl e, a super par anagnetic nanoparticle, a gadolinium

oxi de nanoparticie,_a hematit nano cl e, amanetlte nanoparticle, a
gado- r&not ube, 83n ehdofTRIES ﬁéa”@d ﬁ%@re‘%t% @ﬁéﬂ?teﬁﬁhgﬁg?i‘?‘?ﬂ@? an

oni onat ed J@neparidickeat @n@%@ﬂ”éest&ﬂe&fm&ﬁ@& e tmpgmpd@rﬁe@segaﬁt icle"
and any conbi nation there he nmet hod of claim7 ﬂee\%ar;i the

por oS ks MHAS 5081 001 TR AUSUEORATBE SoBarNEGY o5t 0

met hod of aakmmhé’ﬁohmlneraebmbbenaer@ueomes@shaﬁctm actiiee=pard lf@ilef?erhé)adl ng

of at |east about 1 ng/nmm and an engqj;g) ﬁ%at ed g sure drop | ess th(gn about

20 mm of VRXFEFIEr IFAHTISSRgEN Y DY JUEPTRLs . Oidized graphefie, " KoKty of

claim 70, ndnepeitrid, @naﬁ@m;ci@asjsm&s @k o, wlgemhego;ﬁmat: heqistr about

6 rnd/rnm and a nc apsq{g ed pressure drog f about of water or |ess
icle, a 'meta @xsdﬁ Lag

per mm°of TERGEH! PUIBTE s & %‘r“?asf‘ﬁﬁoi:’a icle, & maghetig

matri x rrat:'emoahrtmmmﬂpaiar‘ﬁagﬂemal’fa{ari(}y)aﬂfcieﬁ%bﬁ;@érppmm&@wlﬁ& feabbrgid,he
matri x materj

dﬁg ; Er;ml d . .cavity %o a pl eve a v g vol une of  about
705 t o apGeG0s T CHITF « AP BT IS, mios PSTAE St PP TE Gy | & CHEF T ng an
nanoparticle, a gado-nanctube, an endofullerens, GA@CS0, a core-shell
nanoparticle, an onicnated nanoparticle, a nanoshell, an onionated iron oxide
naneparticle, and any combination thereof.
24 86. The method of claim 70, wherein the porous mass has a void
volume of about 40% to about 80%.

87. The method of claim 70, wherein the porous mass has an active
particie loading of at least about 1 mg/mm and an encapsulated pressure drop
less than about 20 mm of water per mm length of porous mass.

88. The method of cdaim 70, wherein the porous mass has a carbon

30 loading of at least about 6 mg/mm and an encapsulated pressure drop of about
20 mm of water or less per mm of length.

88. A porous mass comprising:

a matrix material bound at a plurality of contact points by heating
the matrix material while in a mold cavity to achieve a void volume of about

43G% to about 20% within the porous mass, the matrix material comprising an
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active particle and a binder material. 90. A porous nmass conpri sing:

a matrix material bound at a plurality of contact points by heating the
mat ri x nmawerhelosw#Bl e in a nold cavity to achi eve an eneapdisk@i®sh3gs essur e
drop | ess than about 20 mm of water per mm |l ength of porous nass, the
matrix 6 ﬁb@rﬂa%mg@g%[ﬂl@h@& aRragdii ve particle and a binder material with
an active particle |loading of at |east about 1 ng/mm of porous mass |ength,
91. A porous n&§s cOMIPE Mgss comprising: a matrix material bound at a

plurality of contac :ﬁé’drﬂtﬁia%{ A?%hhagatté@mwaﬁf R £l @Amaemw @ehiin@ mol d
cavity to achi eve an encapsul ated pressure drop |ess than about 20 nm of

wat er per ﬁﬁ]m@%&twaéefﬂcﬁorfal?sinnﬁg%ﬁidtwtw&@ra%fe\ffzamﬁﬂfé@ﬂsaiat%rﬁﬁ?wrﬂhg a

bi nder mat@bh abssaREnaboAE LHUBNPST WbG ek had 16AFIN bSQFoGARIRR, tRNfhatie
matri x material having an active particle |oading of at |east about 6 ng/nmm

of por éus rﬁﬁgegaﬁ éﬁ@}gﬁnss@z anAa%%lyg%%sa%ﬁppir*gitehgmatenai with an active a

matri x mateftiak ikeling ofbt Rapl Al € i enbatius ANt isngih. heat i ng the
matrix material_while in a nold cavity, the matrix material conprising an

18 active parti%te ARPraUHIRERFORARLENBal _ wherein the
active particle comprses aatangtecaked &@rxb@iﬁtyp@’frédrﬁé@, pAnGaAsPARaIGNOt ube
havi ng at | east one wall, a carbon nanohorn" a banboo-I|ike carbon

nanost r uctiiF 3 ek al pehiieai v %Imgfié}‘?é{‘tég}araé@é’tv@ ayEApHEHEES W%“F%yer
graphene, @%b d@@eﬂagr@@heae,maﬂaﬂ el e emnanePast prbes niksRanepaatinel e” a

met al nano artlg oI dmgano arti le % silver nanog?rthcl e, a _ 24 metal
oxi de ‘HangPart PLIGMAISTE GnPRAChaMGIAR! 1€ Fe S s tgnEE HE hARCAPEPERES a
par anagnetdaebmn@ﬂartﬁ@ qh@mxan&meaﬁspaé\aﬁ@gmmm@mm tibgdieg & gadekt ni um
oxi de nan%ﬁ)artl cle matite ngg &l cle, a magnetite nanoparticle, a
gadonanot ut Qr{“@{ﬁﬂB‘f | PEPBREES ?‘% 0, a core-shell nanoparticle, an
oni onat ed nanoparti al@rods masesheblisinan oni onated iron oxi de nanoparticle,
and any conbi nati on thereof. 3 : ( ,
y amx mai@r?ai hound at a plurality of contact points by heating
the matrix material while in 2 mold cavity, the matrix material comprising an
18  active particle and a binder material,
wherein the active particle comprises a nano-scaled carbon
particle, a carbon nanctube having at least one wall, a carbon nanchorn, a
bamboo-like carben nanostructure, a fullereneg, a fullerene aggregate, graphens,
a few layer graphene, oxidized graphene, an iron oxide nanoparticle, a
nanoparticle, a metal nanoparticle, a goid nancparticle, a silver nanoparticle, a
24  metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a
paramagnetic nanoparticle, a superparamagnetlic nanoparticle, a gadolinium
oxide nanoparticie, a hematite nanoparticle, a magnetite nanoparticle, a gado-
nanotube, an endofullerene, GAd@TCS0, a core-shell nanoparticle, an onionated
naneparticle, a nanoshell, an onionated iron oxide nanoparticle, and any

combination thereof.
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