Application of Mesoporous Ml ecul ar Sieves as

Sel ective Snoke Filtration Additives by Rodney D.
weehisutexs1 and Lamar Perry CROSS- REFERENCE TO RBCATREN05/015022

APPLI CATIONS This international patent application

clainms Paris Convention priority to and benefit from

currently pending, U S. Patent Application serial

nunber 10/860, 775, filed on 03 June 2004. STATEMENT

REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPNMENT

Not applicable. REFERENCE TO A "SEQUENTI AL LI STING " A

5
TABLE, OR A UTER P M LI ST NG APRENDI X
SUBM TTED ON Xpwﬂgﬁ\{‘:ﬁ’ e%“%ﬂsﬁﬁlﬁf‘f‘%‘é%;r"é‘?s 48 ACKGROUND
OF THE INVENTION 1. Field of _the, Invention The present
i nvention rel at esse}eﬁt“ciem%‘&fr%ﬂoc“i%&gt‘ﬁeévi ng a filter
el ement and/ or snokable material containing a highly
structured mesoporous mol ecuP®r sieve, and nore

Rodney D. Schluter and
10 Lamar Perry

CROSS-REFERENCE TO RELATED APPLICATIONS
This international patent application claims Paris Convention priority to and benefit
15  from, currently pending, U.S. Patent Application serial number 10/ 860,775, filed on 03 June
2004.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT
Not applicable.
20 REFERENCE TO A “SEQUENTIAL LISTING,” A TABLE, OR A COMPUTER
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25 BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a smoking article having a filter element and/or
smokable material containing a highly structured mesoporous molecular sieve, and more
specifically, a smoking article having a filter element and/or smokable material containing a

30  highly porous amorphous silica (hereinafter referred to as “MCM-41"), as the highly
structured mesoporous molecular sieve for filtering vapor phase constituents in mainstream

smoke.
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specifically, a snoking article having a filter
el ement and/ or snokable material containing a highly

weoan@sug0mnor phous silica (hereinafter referredPCo/U&2005/015022

"MCM 41"), as the highly structured nesoporous

nol ecul ar sieve for filtering vapor phase constituents

i n mai nstream snoke. 2. Description of the Related Art
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often impregnated with a flavorant in an attempt to camouflage the metallic flavor and may
actually block the pores, an impediment to filtration, and finding a preferred flavorant loading
percentage is difficult and inefficient. Furthermore, filter elements which incorporate carbon
vary in proportion of micropores to mesopores, where the term “microporous” generally
refers to such materials having pore sizes of about 204 or less, while the term “mesoporous”
generally refers to such materials with pore sizes of about 20-500A. Uniform pore size
distribution is more favorable. By having a more uniform pore size distribution, more of the
porosity can be assured to be in the mesoporous range (2-50nm), which is more effective at
filtering smoke than microporous materials. A variety of pore sizes is more likely to filter a

variety of compounds, and filters for specific analytes are more desirable.
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with significant observable deviations from perfection. MCM refers to Mobil Composition of
Matter or Mobil Crystalline Material, and was developed as a catalyst substrate by Mobil.
The surface chemistry of siliceous MCM-41 is comprised of silanol groups (SiOH),
and may be synthesized using cetyltrimethylammonium chloride (CTACI), H,0, Na,O, and
Si0,. The formed MCM-41 may be utilized as a mesoporous molecular sieve in smoking
articles. MCM-41 has a highly condensed surface with less SiOH groups than silica, and its
uniqueness is in the shape it adopts by forming around a template which is subsequently

removed. The use of mesopores as an absorbent is taught by U.S. Patent No. 5,580,370, to

Kuma, et al. Furthermore, MCM-41 has a large surface area, where the BET surface area is
approximately 1000 m*g, and thus has a high sorption capacity. (‘BET” refers to Brunaur,

Emmett, and Teller, three scientists who optimized the theory for measuring surface areas.)
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s a cigarette an apreferred snokabl e material is

t Oba(i tis Stllll yet al}uéher g;%ecq to prov1de e% orlboth the filter element or the
15  smokable material in the smokable rod of the smoking article having the mesoporous
molecular sieve, MCM-41, in combination with charcoal, an ion-exchange resin, or both.
It is still yet another object to provide either or both the filter element or the smokable
material in the smokable rod of the smoking article having an impregnated mesoporous
molecular sieve, MCM-41. MCM-41 can be impregnated with copper oxide for greater HCN

20  and H,S reduction.

BRIEF DESCRIPTION OF THE DRAWINGS
The aspects and advantages of the present invention will be better understood when
the detailed description of the preferred embodiment is taken in conjunction with the

25  accompanying drawings, in which:
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invention with the understanding that the present disclosure is to be considered as an
exemplification of the principles of the invention, and is not intended to limit the broad
aspects of the invention to the embodiments illustrated.

The present invention provides for an article for smoking with a mesoporous
molecular sieve, MCM-41, to filter vapor phase constituents from mainstream tobacco
smoke. Vapor phase constituents to be filtered contact MCM-41 and are retained within the
pores, thereby providing a separation of the undesirable constituents from the remainder of
the vapor. MCM-41 is typically a black or white granular material with a density of
~0.3g/cm’ and a BET surface area of *1000m?%g. Although pore wall thickness may vary,
MCM-41 typically has a uniform pore diameter of ~3.7nm, when cetyltrimethyl ammonium
bromide is used.

The following examples are given for illustrative purposes only and are not to be

deemed as limitative of the scope of the invention.
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FIG 3 is a graph show ng sel ected vapor phase
anal ytes percentage reductions of MCM41 and Sorbite.
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Vapor phase constituents to be filtered contact MOM 41

aepde arayity éq laldthg gwintlar matetrial. pores, thereby providing a

separation of the undesirable constituents fromthe
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white granular material with a density of ~0.3g/cnB

¢xaebt dorBiihostisdificsiony. @ACHI-4 FARNEOeEd b BxRoWMdbAOSUE sample sets

wal | thickness may vary, MCM 41 typically has a
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amoni um brom de is used. The foll owm ng exanpl es are

@ytiSihefi athmbMahtREhME (PEABL 8RBteRaUY1 BAbsRIcSte TPEOS PwdIE mixed,

in order, in a 250mL glass bottle until a cloudy white suspension was achieved. CTAB and
TEOS were combined with a surfactant:silica mole ratio of 1:2. The solution’s surfactant
concentration, by total weight, equaled 25%. Concentrated sulfuric acid was added drop wise
until the mixture changed to a clear liquid. The solution was stirred at approximately 400
rpm for .5 hours, and then placed under static autogenous conditions (121°C, 18psi) for 1
hour. The resulting gel was removed from the autoclave and allowed to cool before being
washed thoroughly with deionized water. The washed material was heated at 570°C for six to
eight hours in air, resulting in a porous material with a BET surface area of ~1300m?/g.
Sample sets of cigarettes containing 50mg of a granular additive in a hand-made
cavity filter were prepared using either MCM-41 synthesized as described above or semolina.
Each sample set was pressure drop selected to decrease smoke delivery variances. Samples
were conditioned (65% relative humidity and 75°C for 48 hours) and analyzed for total
measured vapor phase (TMVP), mainstream smoke (MSS) HCN, and MSS carbonyl

deliveries.
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Isoprene 3964 7 3715
Propionitrile 11.6 4.5
i-Butyraldehyde 18.1 10.0
Methacrylonitrile 2.2 1.2
" n-Butyraldehyde 6.5 3.5
Methyl ethyl ketone 48.3 15.0
Crotonaldehyde 12.6 6.8
Benzene 35.1 33.3
Toluene 35.1 28.1
Styrene 3.0 1.3
Total TMVP 1936.1 1424.3
TPM (mg/cig) 13.1 12.7
TMVP/TPM 147.8 112.1
(bg/mg)

MCM-41 showed a greater reduction of analytes in the TMVP/TPM of 112.1pg/mg.

TMVP/TPM was higher with semolina (147.8ug/mg). FIG. 1 shows computed total

particulate matter (TPM) normalized percentage reductions for various vapor phase

constituents. These data suggest that the MCM-41 sample exhibited high filtration

efficiencies for nitriles, ketones, and aldehydes when compared to the semolina control.
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TPM (mg/cig) 13.1 12.7

Total/TPM 104.3 52.3

(bg/mg)

MCM-41 yielded less carbonyl in the mainstream smoke delivery than did semo‘lina:
52.3pg/mg compared with 104.3pg/mg, respectively. TPM normalized percentage reduction
for mainstream smoke carbonyls is shown in FIG. 2. The data indicates that the MCM-41
sample displayed an increased affinity for MSS carbonyls versus the semolina control. The
MCM-41 sample reduced mainstream smoke carbonyl deliveries by a total of 49% compared
to the semolina sample. MCM-41 reductions above 50% were calculated, versus the control,
for the analytes acrolein, acetone, butanone, and butyraldehyde. Measured formaldehyde

deliveries, when using MCM-41, showed a 34% reduction versus semolina.
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conmpounds ana Egeﬁg ; Aﬁ_ﬁé) tv—showamjapprecr apl e
[

s, when

Summr | ve t EBR 41 s bs vere ottt an
effective adsiid .'?e of—sel-eet con"a',i,tuents { und in
mai nst r eam sniieenzenimagang. L Ly L2l o028 h e ved
for nitrile, & fleng g et one 1eiveriﬂzln
addi tion, PAHJGH O i cat BT Hucti 683-Phr

" napht hal ene. ‘Mmgmga an affinitll-3lor nolb8il es that

form strong i (RusiNembeul ar honds, af®lt her et®Bp, no
reducti ons wefRAKbPeefP¥d for the anallytes

1, 3- but adi ene|(ng/)r ene, furan, 72.0 64.6
BAP per TPM
(ng/mg) 0.52 0.51

When comparing the semolina with MCM-41, total particulate matter (TPM) normalized
results suggest naphthalene deliveries wére reduced by =29%. This effect may be due to the
fact that naphthalene is the smallest and most volatile of the PAHs measured, demonstrating
MCM-41’s high affinity for small and volatile compounds. All other PAH compounds
analyzed failed to show an appreciable affinity for the MCM-41 sample versus the control.
To summarize, the MCM-41 samples were found to be an effective adsorbent for
select constituents found in mainstream smoke. Significant reductions were observed for
nitrile, aldehyde, and ketone deliveries. In addition, PAH deliveries indicate reduction for

naphthalene. MCM-41 has an affinity for molecules that form strong intermolecular bonds,
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and benzene. The MCM 41 sanpl es exhi bited high
filtration efficiencies for nitriles, aldehydes, and

weebwneaenhen conpared to the senolina control PCTAS2005/015022

addi tion, MCM 41 displ ayed selectivity for
aniphdrbtategneredimtidAPivere 3bddodd4dr thdbrfahSAR-RNiéde SEbPBEnEEfuran,
AS A CI GARETTE FILTER ADDI TI VE To evaluate the

dridl efuzthe. O TheTOMEY £ D1 f exMBlbtligh Widtidhle BBIENRADY difilesd
coal - based activated carbon derrved from

A8y QNN b EwkPomparéa td B0 5énd1ing Bodedt 30 Rd @ RASM-41

weré piaced in hand-made cavity filtered cigarettes,
. ' [ are expl ai ned above, and the
?Bﬁ?@2?9§%32§?¥3@%ﬁ@$%§-of bot h were conpar ed.

Senolina was utilized as a c%%%

roig. The hi ghly porous
nature of MCM 41l invited the HBr%sonto activated
car bons, h_as _Sorbite.

The MCM 41 sanpl es were
pr epar ed SN FOMPARSAN TQEWEI-T&A&PQGEE‘?W&&L%WEVE
was used w thout nodifjication. Three sanple sets were
pr epar Y2 iipte thefaifationsediaciensy of YIGMH MEN-4] andrSarbites a coal-based
TABLE D |ists the filter additives and | oadings for
whvped eapinederivoE @Dsenicadiraritagenkaveilabls frqm Celgen Carbons, were
Components The sanples were pressure drop selected to
placed i bandvmade aadtySilieredaigagtes, thbgiropeetics e§ whith exerexplained above,
condi tioning, the sanples were anal yzed for total
anelabefiledtiaregificieneig ©€ b¢th MéR) compatey C $aholinaavas nrelized as a control.
hydr ocar bon (PAH), and mai nstream snoke carbonyl (MSS
Tigy Highly borogkerakire 61 MEM-Al invithd e coapaRisastowetieitainaloag duch as
for TWP. TABLE E lists vapor phase deliveries

Sorbite. The MCM-41 samples were prepared according to the above-stated method. Sorbite

was used without modification.
Three sample sets were prepared with hand-made cavity filtered cigarettes. TABLE D
lists the filter additives and loadings for each sample:

TABLE D. Loading Amounts for Filter Components

Filter Components Loading (m

MCM-41/Semolina 50/50
Sorbite/Semolina 50/50
Semolina Control 100

The samples were pressure drop selected to diminish variances in aerosol deliveries. After

conditioning, the samples were analyzed for total measured vapor phase (TMVP), polycycli;:

aromatic hydrocarbon (PAH), and mainstream smoke carbonyl (MSS carbonyl) deliveries.
All three samples were analyzed for TMVP. TABLE E lists vapor phase deliveries

for each sample:
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for each sanpl e: TABLE E. Vapor Phase Snoke Anal ysis
Data (ng/cig) A direct conparison of the vapor phase

wdabs/1barst MCM- 41 and Sorbite reveal s that, whi PET/US2005/015022

activated carbons are a good general adsorbent for a
broad range of analytes, MCM 41 is selective for the
nore pol ar anal ytes such as nitriles, al dehydes,

ket ones, nﬁ\B’ibEC@ hglsor PhAt s sabké ﬁhswsécﬁat@@&ﬁﬁg)

mol ecul es can be expl ai ned by their stron

i nt er nol ecul ar n o -
on the surface o Ah"(qe&'sn:gll ﬁ&%ﬁ@% E‘&“&%@ggﬁglma
S M-41AHLt hr ee-samples—were—al-so
d ﬁﬂﬁ'?lﬁf@ﬂ'eﬂﬁr mai nst 898 smoke {‘26918“’1\” s with t hef9.7
dcetatdehyde | | sted | G2TTABLE F: TASBR E MRS Car h@d{s
Decetomei es (ny/ cilg) 284eénE | Senpl i318.5TABLE F shows!20.9
meicedniteim snoke | cardaanyl |[del i ve69.6s conparing 45.2
Joepdibina, Sorbité/ semd i na, and BB+ 41/ senol i na. 43.4
NVdAdnitifk 1 ver ed 8421309/ ¢i gar et ygot ot al car bonylgy,
angene0l DI TE delTVefgefl Mor e car BppyT s. T 412
g o b hﬁﬁr ette: FL.\F. 4 Tshows rkcg matTzeq Percegt
f,s‘“‘figt”sma ehyde s T T *"Jd;"“ e bonyts D ith VE*B‘??E
qri U1 . TTTCPT TCOUT U J \') T T ST SUTCTIT \'
rddran s of the vaportidhase anal égé Redu¢t-ions——
qitveregen Qyagpidene | s rfdbt ant -t pan il 0.
4 Hydregenfulfidenpan abl40.¢ o neduct | i 894 for the Sor hﬂQ-%
Sdsgpree A few anal $664, such ast28&et one and 473.7
amidtbavayldeithjide, had Biseat er reducttd ons. Deliveri ds3 of
QMateardli ¢ aromatli ¢ goyalr ogar bons72.BAHS) were neasdged
HefsARAELRNI Ketone 68.4 32.0 17.1
Propionaldehyde 58.2 45.7 39.4
Propionitrile 13.6 8.1 52
Propylene Oxide 3.8 3.8 3.0
Styrene 5.8 2.5 3.6
Toluene 62.7 23.8 35.7
Vinyl Chloride BQL BQL BQL
1-Butyraldehyde 28.7 21.0 18.2
N-Butyraldehyde 8.7 5.3 4.4
TMVP 22731 1863.7 1648.7
TPM 12.6 12.8 12.5
TMVP/TPM 180.4 145.6 131.9

A direct comparison of the vapor phase data for MCM-41 and Sorbite reveals that, while
activated carbons are a good general adsorbent for a broad range of analytes, MCM-41 is
selective for the more polar analytes such as nitriles, aldehydes, ketones, and alcohols. This
affinity for polar molecules can be explained by their strong intermolecular bonding with
pendant hydroxide groups on the surface of the silica, and FIG. 3 displays the selectivity of

MCM-41.
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known reductions in naphthal ene for sanpl es containing

MCM 41. TABLE G shows a conplete |ist of PAH test
woeswslee6TABLE G Pol ycyclic Aromatic Hydr ocar BOmAIS2005/015022

(PAH) Analysis Data (ng/cig) Total particulate matter

( TPWIIQQ&Q@HH&&%&@QE@&MB&& 3 mARRIRRAINTIRE HBbBSwilh the
senol i na control for MCM 41l was :=40% and for "Sorbite

d He? {Edl ﬁl}i{elfe reductions i n PAHs were observed.

oug napht ne is the small est and nost volatile
of the PAH ana
napht hal ene ar exErEEsu gi éﬁgonqu%lﬁ%ﬂé&\r}ggkﬁ)l ity and
not i ps—stze—Tie pore gHARLe] SormitAbhl | Mov#iEem®
rel at KEetSIHeﬂﬂem dCETTE, % e TEXT blgéhize&:l :mdiélgg
measuf g - & ch—o |c§1' “$+ofrs vvclleg'zu'ubc Vl:d104ldll:‘b
nunbe f Sorbrie—t ' f

ect—the uupa;me?l of —Sorgije tojadsgry
- % =4 [ Pl | A AN bt -
non pJBu nﬁnleC:UL:?. Fo a/a.ynul ‘LC, "3\-|6 VCIVFF I Sgidpre
]

\c/:\lg?]SI O j eru!y Hot€ e rz" }8| \:Ic T-Ot g ar—s IU!\CJ 5
u'F‘O pn e Lly p e ! c U 1TC O!IJé-VI LT Ul L1 )

FemDY o o dehyde o S—aeohpl s —ant—alyg

Chl Y L o N caol oot 1 M3V £ o P b4 L
BRI X T IO TV A S
i sopr Iét'él)(',}:a}rbau Sk i:'Snﬁ33-.ﬁi’ﬂcé"3§%¥§§'.’ n';?' 07
Sor bi ;°@L¢arbqu5”4% +iP82  slich—abAn—ioh-ex@fifnge
resin, Me3emRlN? | ve. EXAMPLE 3 COPPER OXI DE

4 Tﬁg%asﬂggéng\@o@e"@aop@edawe“ {BreR SRS
h
We%'zr?l?@&%wc@ﬁ?hwﬁf s PNEA L o %s/"ig%’re%%%w
ght. The resultin was cal ci ned at
G eI el S A e ittt S4p WEWSFLE o Pl shRes

sane high surface area and vapor phase capaci CK/I
normalized percentage reductions for mainstream smoke carbonyls of M 41 and Sorbite.

These results were consistent with the results of the vapor phase analyses. Reductions
observed for the surfactant templated silica were (at a minimum) comparable to reductions for
the Sorbite samples. A few analytes, such as acetone and crotonaldehyde, had greater
reductions.

Deliveries of polycyclic aromatic hydrocarbons (PAHs) were measured because of
known reductions in naphthalene for samples containing MCM-41. TABLE G shows a

complete list of PAH test results:
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pure MCM 41, but with the added ability to reduce
hydr ogen cyani de and hydrogen sul fide. Conpared to the

weenwslizeeal control as previously described, copper/usxiode15022

i mpregnated MCM 4 1 showed a 56% reduction in HCN ad
a 35%reduction in HS. The foregoing detailed
description is given primarily for clearness of
under st andi ng and no unnecessary limtations are to be
understood therefrom for nodifications will becone
obvious to those skilled in the art upon reading this
di scl osure, and nay be made mﬁthout departing fromthe

SIOI ”I'AB%GI rtl%w fOAk g{hti@rl@f?'&% Pkn?AﬁQPQF%Q (g/cig)

cl ai s alne |ng art

conpr | Si MBAHS PIEF 0T e e | S bRargan e AIsLi | 2
W appi ng Aﬂurﬁéée‘ﬁg to—f '”46.8°m‘ KD E 70U, d'"ﬁ, alr
axial ly ggppied, Criter—et SRGtS vvnqbtél g u147|2| tet
el enent i BGhIE i)y&nuécaaﬁm 6)21:, 1ot Cbé,li ar—st eVEsp 2 [he
article JBeh::éb l’é’neWi' r-ef t|'4:,<Jti d ||:4~.;6)|JUI USSP ectt ar
\Si eve i s gt _;JH tHa—sat, ot etement—=—3—The
article Ej‘:ﬁ; u.é"'a"‘:“%”‘j;’ reigesaid—FpEper :cmgg";
includes-§e4¥n<a$ré of Hyperjeavities—whergrn—one
or nore 6F U SRR R bav'%ic: %ﬁq'ﬂdes a—Hesgpoetous
nol ecul af-ohiysene , o [ 88 1 1RO 1. i
! ﬂ:ei]};nt "I'pg\l 11 al Q?bl .\JI 'z\al iy L, V)
sai d nese ogs—or-coahar—steve—+s—oM44— —Fhe
1 -\Fm rﬁ En’p \ rr\i42‘0¢—ni A 2 ar o 2 'A'r\r\nl
artl Cl e JEIljp:reriell Ly Vm T Cl$t [ RAV] LILI UMV YU O 2 Ii\;ul ar
si eve i sp—SHf Factart—tHerprai-eqg—Sstrita—get—hdving—an
i ~Inﬁgﬁtbﬂiéngl Ay r a\lhl$e 0 i f r\’ ‘&' rn? o y 1'dTEQ
ortg.a.n: Ze\JPE;LoMII\@%UIIEI Mlk‘l M]l d:b u: :4I J T T G'9 16 PI‘IILo
article o 2halm 5, -wher-el11° saild--un]-L-oFm por-e5=have
di anet er $rhenantrend o, 1 4 4.0 105" 17" 111.0
1 Pyrene 39.5 39.0 39.9
PAHS TPM 13.3 12.7 13.2
Total PAH 904.9 645.3 732.0
Total PAH / TPM 68.3 50.7 55.4

Total particulate matter (TPM) normalized reductions of naphthalene versus a semolina
control for MCM—41 was z40%,‘ and for Sorbite was =54%. No other reductions in PAHs
were observed. Although naphthalene is the smallest and most Volatile of the PAH analytes
measured, reductions in naphthalene are presumably due to its volatility and not its size. The
pore diameter of MCM-41 is large relative to anthracene, the next smallest analyte measured,
in which no reductions were observed. These numbers reflect the capacity of Sorbite to
adsorb non-polar molecules.

To summarize, the MCM-41 sample was found to be more selective for polar smoke
constituents and outperformed the Sorbite for the removal of nitriles, ketones, alcohols, and
aldehydes. The Sorbite sample was more selective for non-polar smoke constituents such as
benzene, toluene, styrene, isoprene, and naphthalene. MCM-41 can compliment Sorbite and

other additives, such as an ion-exchange resin, as a co-additive.
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to about I OCOA. 7. A snoking article, conprising: a

snokabl e material circunscribed with a w apping
worb@rizedé1t o form a snokabl e rod; and, an axi aPCy/US2005/015022

aligned filter elenent, wherein said snokable materi al

i ncl udes a nesoporous nol ecgkamMmigEye, said nesoporous

nol ecul ar si eve being di sposed within said snokabl e

rod. 8. The articl %&BEﬁbﬂiﬂi‘IZmRﬁ&keAfT%bMéﬁ-ﬂlwappl ng
material is coated wth said nesoporous nol ecul ar

Si ev&. .9 le-Bl?f/f ecuﬁ{l%a% gpggar%h ﬁh%pm@srs gﬁe bl in E LE 1.

rresoporo ve | S e article
Adfdltlop?al gn{;cg{)ﬁgrvg} g:v@ gl CEE ?n?cp FUI&;’M%' rga?cgnﬁ%orlﬁﬁo%vv%tﬂ das

h I f f 11, .The

cBREAED of hch ety B 'f?vfas?f%ssrcegm E&ﬁ@‘%flma&wmr

from about 15A to about sm)kl art

OékS’ﬁﬁflP@gff?&d MOV BRI hetoitenigh soriheergc Bach bt cpacty as
8 material to forma srmkable rod; ~and, an

pas@ MEMyA b bpigwisithe pded abititirusriuce hydeogsn Gyagidecind hytegsnsulfide.

mat er i aI said wapping material, and said filter

Geimpanesrd to 1he séraelinagonteod @pwm@slmdﬂsereh@ﬂmomﬁtr@we igpiegnated MCM-

mesopor ous nol ecul ar sieve being disposed within said

44 shdvedall ac5 6¥atedudtimh imHONsaliadB 504 fethatiorired®nt and coat ed

on said wapping material. 13. The article of clai'm

12, wheforégdingaletdilebsaription $ gidngeinlasity for elv@néss ofMildertthinding

14. The article of claim 12, wherein said nesoporous

A hE GMleBEssl BMBatichs Bre3b bé @sdemfod therefrom, for modifications will become

obvious to those skilled in the art upon reading this disclosure, and may be made without

departing from the spirit of the invention and scope of the appended claims.
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tenpl ated silica gel having an organi zed hexagona
array of uniform pores 15. The article of claim 14,
wohersareeesai d uni f orm pores have di aneters of PCDMS2005/015022
about 15A to about | OOA. 16. A cigarette, conprising:
“gm{gggg&glgod with a filter element attached thereto;
nd a nesoporous nol ecul ar sieve. 17. The cigarette of

cI algw gkm%w?%@ Qs |§1gm€sopor ous nol ecul ar sieve is

dlspose hi'n” sal lter element. 18. The cigarette

m. .16, wherei.n C

o Spof Yot o FEEIR it b S ork 88 ot an,
i n one, or, l,t er cavi

o e eabened it SeSamor bt R B e ef inblyob mEQEbbbotecuter
cigarette of claim16, wherein said filter elenment is
SIgY& ached in axial alignnment with a tobacco- fiIIed
snokabl e rod, said snokabl e rod including sai
2res oPsrasiiale pkslaimul, hersinespid rgsepRIRUSANQlerIIaE sigve lz‘flquf'ﬁe within
cigarette of claim 20, wherein said filter elenment and
s@dfitterstamieabl e rod are circunscribed with a w appi ng
paper, said w appi ng paper coated with said nesoporous
3nol eThd aticls bfoleim 12 herEvesatl fr elfementdficludenn plutaity of filter cavities,
wherei n sai d nesoporous nol ecul ar sieve is MCM 41 .
whareinldi@ of @Ry Fisiie filtbr clviiesnindideswhacseporosancecws 6pue.ous
nol ecul ar sieve is a surfactant

4. The article of claim 1, wherein said mesoporous molecular sieve is MCM-41.

5. The article of claim 1, wherein said mesoporous molecular sieve is a surfactant

templated silica gel having an organized hexagonal array of uniform pores.

6. The article of claim 5, wherein said uniform pores have diameters of from about 154
to about 100A.
7. A smoking article, comprising:

a smokable material circumscribed with a wrapping material to form a smokable rod; and,

an axially aligned filter element, wherein said smokable material includes a mesoporous
molecular sieve, said mesoporous molecular sieve being disposed within said smokable rod.
8. The article of claim 7, wherein said wrapping material is coated with said mesoporous
molecular sieve.

9. The article of claim 7, wherein said mesoporous molecular sieve is MCM-41.

10.  The article of claim 7, wherein said mesoporous molecular sieve is a surfactant

templated silica gel having an organized hexagonal array of uniform pores.
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tenpl ated silica gel having an organi zed hexagona

array of uniform pores. 24. The cigarette of claim 283,
woehersaneeesai d uni f orm pores have di anet ers froRCas2i05/015022

15A to about | COA. 25. A snoking article, conprising:

H. snokalkattelattrim al, wherdn sid iniled potes havie didngddgrs Bffrom about 154

material to forma snokable rod; and, an axially

BlabgnedoLil ter el enent, wherein said snoking article

i ncl udes a nesoporous nol ecul ar sieve and a plurality

of additives. 26. The article of claim25, wherein

sai d nesoporous nol ecul ar sieve and said additives are

fgsp %%é{ﬁﬁk gkgﬁﬁ kabl e material. 27. The

art| rein said mesoporous nol ecul ar

> 'n?cif(gblg ate%%i (ilrcill?g(lbr}b!ﬁ! With %rvﬁgq%iéfgglﬁg’cgr%l % fo% 9 s@ﬁk&le rod; and,

ere

sald me us nol ecul ar._ si.eve a itives are
T @E@&ﬁ el o Ui SRR i G rapPit e, and
el ement . 29. The article of cla|n125 mhereln sai d

sid filger elemeptdngludeaanesgeerous mgleularisieys, §id pepqnopous molecular sieve
cavities, and wherein one or nore of said filter )
eeing; dispesed; withinshics smokablle mstesishand seid ibterelement and eapted pagaid
said additives. 30. The article of claim25, wherein
wrppingmepal ous nol ecul ar sieve is MCM41 . 31. The
article of claim?25, wherein said nesoporous nol ecul ar

Hi. ev &hie artglesaficfafin fl 2nvharemplidimesbpsiois malegdhr sicve iislgCMr41.
organi zed array of uniform pores.

14.  The article of claim 12, wherein said mesoporous molecular sieve is a surfactant
templated silica gel having an organized hexagonal array of uniform pores

15.  The article of claim 14, wherein said uniform pores have diameters of from about 15A

to about 100A.

16. A cigarette, comprising:

a tobacco rod with a filter element attached thereto; and

a mesoporous molecular sieve.

17.  The cigarette of claim 16, wherein said mesoporous molecular sieve is disposed
within said filter element.

18.  The cigarette of claim 16, wherein said filter element includes a plurality of filter

cavities.

19.  The cigarette of claim 18, wherein one or more of said filter cavities includes said

mesoporous molecular sieve.
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32. The article of claim 31, wherein said uniform
pores have dianeters from about 15A to about | OCA 33.
woheosarelec! e of claim 25, wherein one of said rddius2oes15022
is an activated carbon. 34. The article of claim 33,
ouher ehdcigabih Felaid abovhepaih RN fiite efenidaf Blatt@heB axiNBlignment
article of claim?25, wherein one of said additives is

Al o O EXEIANGRKABIE! H& sa?@smékaﬁﬁ?gd RABludihk k4l ﬁ)esoporous molecular
conpr|5|ng a snokabl @ material circunsCrib Wi th

2B grial to forma snokable rod; and an
S%&Ié&? Igned filter elenent, wherein sald snoklng

rt| e |nc FESOR
2?h‘p ] geh%lgaé e oq’% alrg gp’peré? of);( Iga ﬁ .F?e {ge[nélfé %t%le rod are
claim, ) ereln said opor ous ol ecul .
CFFfﬁ‘PSéfjﬁ%i‘t‘?é%w S TRPIRE B B0 MIRPAIIE PSSOt WW?@ fesopogpus
snokable material. 38. The article of claim 36,

Ry fieai d filter el enent includes said nmesoporous
nol ecul ar sieve inpregnated with copper_ oxide di sposed
22her Sheciggette ofielaimrlf; whasein paid mesappns maleetlar sieveds HICM-41.
filter elenment is conprised of a plurality of filter
23avi Thesigarettaofiskedmdibrwiganein e7id mesaporslis malegulpy igveris a surfactant
cavities includes said nesoporous nol ecul ar sieve
templated)sidtaegh] havidg aopgemized kexgonall@ray T enidiorm wires. of
cl ai m 36, wherein said nesoporous nol ecul ar sieve
MUNPr FEOSigadtaditchin P peliereix saié uhiforal pops hedk diarhétbrs fioai about 15A
snokabl e material and said filter elenent.41. The

t&h8due g Aef claim 36, wherein said mesoporous nol ecul ar
sieve is MCM41. 42. The article of claim36, wherein
sai d mesoporous nol ecul ar sieve is a surfactant

25. A smoking article, comprising:

a smokable material circumscribed with a wrapping material to form a smokable rod; and,
an axially aligned filter element,

wherein said smoking article includes a mesoporous molecular sieve and a plurality of
additives.

26.  The article of claim 25, wherein said mesoporous molecular sieve and said additives
are disposed within said smokable material.

27.  The article of claim 25, wherein said mesoporous molecular sieve and said additives
are disposed within said filter element.

28.  The article of claim 25, wherein said mesoporous molecular sieve and said additives

are disposed within said smokable material and said filter element.
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tenpl ated silica gel having an organi zed array of

uni form pores. 43. The article of claim42, wherein
weabw/1aee6i or m pores have di aneters from about BEAUS2005/015022

about | O0A. 44. Afilter for a snoking article,

260 nDTheSArﬁae ofclhild 2565vh€xleﬁr§§“atﬁ1t‘é4 $1Bméht RARIBOA Plfality of filter
nol ecul ar si eve; a plurality of additives disposed

%&ﬁé@vﬁdﬁzﬂie%n{ bAeBﬁ I'mo(f*é SPGB filtef Svitikl icfddl:@ &ilid ﬂgso§$£h§%olecular

ereln sal NMEesSOopPoOr ous nol ecu sieve and said

addj tives di sposed within said filter elenent. 46.
She aq‘d N ad(%E&escl aim of 44, including a pl uraI | ty of

ilt he filter of cl
she ' | ekt Gfing yniehcan R telef G GRACH.
Mesopor oys | ecu sieve, and at le
33 | ¢ dhe wHde o gaim }éa POEFED saidimesaRATPYS; %@%0“?531“%&%@ surfactant
filter of claim44, wherein said nesoporous nol ecul ar
teprdefed silicagelpaying angreanied pirayd NOIIIORSmM 44, wher ei n
sai d mesoporous nol ecular sieve is a surfactant
32enplhe @ticls of ¢laim He Whersin saig vaifort peres bave digmeteys fipm about 154 to
uni form pores. 50. The filter of claim49, wherein
abaitdO@ki f or m pores have di aneters from about 15A to
about 100A 51. The filter of claim44, wherein one of

3gai d Tﬁ@léi"titlb ve6lains2 R whaein onaboé shid additives isma .actiagedfcatbbrr
of claim5b1l, wherein said activated carbon is a

330r birh&@artidid of diAEh 33, WhefeinthiddcavaRdearbontied orbitone  of
said additives is an ion-exchange resin.

35.  The article of claim 25, wherein one of said additives is an ion-exchange resin.

36. A smoking article, comprising:

a smokable material circumscribed with a wrapping material to form a smokable rod; and,
an axially aligned filter element, wherein said smoking article includes a mesoporous
molecular sieve impregnated with copper oxide.

37.  The article of claim 36, wherein said mesoporous molecular sieve impregnated with
copper oxide is disposed within said smokable material.

38.  The article of claim 36, wherein said filter element includes said mesoporous
molecular sieve impregnated with copper oxide disposed therein.

39.  The article of claim 36, wherein said filter element is comprised of a plurality of filter
cavities, and wherein one or more of said filter cavities includes said mesoporous molecular
sieve impregnated with copper oxide.

40.  The article of claim 36, wherein said mesoporous molecular sieve impregnated with

copper oxide is disposed within said smokable material and said filter element.
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54. The filter of claim44, wherein said mesoporous
nol ecul ar sieve is inpregnated with copper oxide.
WO 2005/120261 PCT/US2005/015022

41.  The article of claim 36, wherein said mesoporous molecular sieve is MCM-41.
42.  The article of claim 36, wherein said mesoporous molecular sieve is a surfactant
templated silica gel having an organized array of uniform pores.

43.  The article of claim 42, wherein said uniform pores have diameters from about 154 to

about 100A.

44. A filter for a smoking article, comprising:

a filter element with a mesoporous molecular sieve; and

a plurality of additives disposed within said filter element.

45.  The filter of claim 44, wherein said mesoporous molecular sieve and said additives are
disposed within said filter element.

46.  The filter of claim of 44, including a plurality of filter cavities.

47, The filter of claim 46, wherein at least one of said filter cavities includes a
IMesoporous moiecular sieve and at least one of said filter cavities includes said additives.
48.  The filter of claim 44, wherein said mesoporous molecular sieve is MCM-41.

49, The filter of claim 44, wherein said mesoporous molecular sieve is a surfactant
templated silica gel having an organized array of uniform pores.

50.  The filter of claim 49, wherein said uniform pores have diameters from about 15A to
about 100A

51. The filter of claim 44, wherein one of said additives is an activated carbon.

52.  The filter of claim 51, wherein said activated carbon is a Sorbite.

53, The filter of claim 44, wherein one of said additives is an ion-exchange resin.

54.  The filter of claim 44, wherein said mesoporous molecular sieve is impregnated with

copper oxide.
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