WO 2009/074870PCT/1B2008/003691 PROCESS FOR THE PRODUCTION OF A CYLINDRICAL
HEAT SOURCE The present invention relates to a process for the production of a cylindrical,
carbonaceous'Héat%8@itEe having at least one longitudinal air flow chanREFEXtHE#§ through it, the
surface of which is coated. Extrusion is a well known manufacturing process used in many
industries, including the food, metal, plastic and ceramic industries, for the production of elongate rods
and tubes with a fixed cross section. In an extrusion process, a plastic feedstock is pushed or drawn
through a die havingRbheESEROR JeEREDDUCthoN asirk ¢ shiNDpRIFAh¢iERY SdBgRarticle. For example,
solid rods are produced by extruding the feedstock through a die orifice. One or more hollow

passageways may,beceatedhin e XERARd £Pd Y RROINYA0 Re QLGS PRS- OLRRRULE!S, in the

die orifice. It is alsg known to Use an extrusion process to apply a coating layer to a substrate. For
example, EB RSP RIS U R Y5 U RNy e o ) 5HE RRRRRSHLNA Gl eams onto
a moving Wehestopae &f vGing tagethereon. A coating layer may be directly applied to the
surface of an extesglasionrticievaltheoprocessafangexbiesioosdd whiahytweuerissonedifierams materials

are extrudqgh{h m&gg silfrcent Qfices ﬁcamﬁaé_@,%ﬁné%flmmfwoﬁgsté%g@%%9 £Bd0ghne extruded

materials merge an weld together into a laminar structure as they leave the die. For example, EP-A-0
662 385 and L RO EE P Bo T BRI RILEEExE AARIT SEEiNdet RPHRE P 8HNGBFPEFh3ube having
two or moréiebrdamhthe TapEsIemeby & todesirdsibrrpasthe exirtsied atisbe inisurable Asfidipplying a
coating layerdbavringraditiskngssxaliies tharaimeiklmougbesalis eifirab|e0is ae maeonaiesed when
the die orifice {hraligh whichethe foains iSxeyluied Qﬁ&gna%ﬁ?t%mrm oPIGARmBIGR yiscosity
feedstockstﬁlre used in extrusion in order to obtain mechanical stability so that the extruded articles do
not deform u%g'grobfﬁ?iity during the extrusion or during subsequent handling. However, forcing a high
viscosity feedstoddRIBSUIPETANENAOIFEESTR ATRCRr 2R A Foringsiavside arekstfiee. Fagh
pressures arartipecfitr-a-4Equirerbtodeceadh e high fuissiasiviesdstoakriiicy ghdhe dierantlito prevent

blockages of4hadigiQH ic&ifg ISR s @b5asi00yef thgeadie is high, which will significantly reduce the
lifetime of the die Thisf_is articular pr bI(ﬁm if the feedstock conta}ins hard, a rasiye, articles such
amgia oﬁf‘) ' g TR Ro

as ceramic particle§® S Bt AT A AR Rl ot ?B?faé:ﬁp?ylﬁa SN T2 10 Bne or more

surfaces oPEIFERtAl Ge@ iR tibER W bR ProhEEEs Malseakary rstupgphcameahsifetshting layer
to the outerditdade thefsamerteude: articks mayabengad mdicaltthsiagroatatimatgrizian plegoaventional

coating techoigiigstreichiaa RRYING-aRd SIRAING BoWENae theRrRRIIRRRORMAR 6RatRY Layer to the
interor surlages ol anenled 1oe s mpre iUl WO 2009/0146/00CT/ 152008003001 2
DE-A-35 25530 and Dl K165 4T 4T Both 8e§cr| e extrusion processes in Which agcoatlng layer is
applied to tREFFREFTIFARYESf SRSUPLASEPBISRTE R BRen o frdecds drpE faapphing 80 a
cylindrical lknatingpfaye taating thiakessd i fessribah Hent dppticbedingetlyrodithe imeemsonfasreddf an
extruded tupe /e meshealydi asredRORIRHIRAL SWHaE 8 LYMas a8y anekalyimidie process of
DE-A-102 A{,% 14} }hedg,‘gg‘ysn material ig Injected onto the ig?}ner surface fttgginttUbs% ‘{ﬂ%?iﬁé‘ one or

g

cosity Tec RGeS & BdRlSER I BPEer AT AR Bethanical s
more feed c'hann Is'In'a mandre mounteo[ WI?HII’] tﬁe C{Ie orifnce. '?ﬁe coating material IS then

mechanicafifHAeEsBY S FartfstPedriRER St BYHhaERa Henevaikarar, Aith reaHMcreased
diameter coamgémed tivteear$trointhe hgndsehsity fehudtiekpitocegsesndaseribifidenBde 1839425 530 and

DE-A-102 4RedAbrdbisrRResiiainanmiys prilac-£0ap aldndsrb A De-a 1o Wl IRcAgHYithashose

required in £95€ g%ﬂ&#{?\‘é"%"eeéhﬁ with co-ext usion ft{p‘%_ gilimensio 8;; the die, and in &articular the

4
die orifice an tﬁée low channels i the mandre ??ara E(%lse(tjermlné?dp B‘E'f?he Hlmgwgrghébé?ﬁﬁg extruded

article and ffedRiEkNEE&BICR satipgAcANY dediredherfietans s et dfdis iR @Ry RO KYRRINels
required, th&hearadstidbeootias Herdnalma et pedicies sope ratesthmid @dingsthe more likely it is that
abrasion and blogkagsnuilbogeitr AVERGBHIRIOhplying a coating layer to one or more surfaces of
an extruded rod or tube have been proposed in the art. The application of a coating layer to the
outer surfaces of an extruded article may be carried out using relatively simple conventional
coating techniques such as spraying and dipping. However, the application of a coating layer to

the interior surfaces of an extruded tube is more difficult.



Heated smoking articles, such as heated cigarettes, typically incorporate a combustible fuel element,
or heat source. An aerosol is generated by the transfer of heat from the heat source to a physically
separate aerodSt 1”8‘?%??@%aterial, which may be located within, around FEM IR of the heat
source. The heat source may be formed by extrusg)n and advantageously comprises at least ane
longitudinal air flow channel extending along the eritire length of the heat source. The at least one air

flow channel proviges 35 cantrsladqanronnbeiseonvestivedassibatet e Reraskae Reratiagsubstance.
The inner surf, he air fl hannels may be partially or entirely coated where it is, desired to
reduce theclégﬁ}\%g%b{ae%ﬁ“ﬁ%\{r\ésﬁéer.'@ﬁ%sggg%ﬁg&rﬁgfxaﬁ \E/%rd: aca “S%r;{fi/ ?'eé?%ee 8?055%55?5?1& fally prevent

the inflow dFeormbastch BN JRier i BmBETiNe'h amed fenines gsedpabivc Hgnnel or
channels. Timercosiing vhary sxisaiediubatanfboashmediycersssglegeinst iimbstifteatidn okeosdbastion of the

heat source.ght#ag ItHEProcess b B 049 SD1MeaidiBafiRgPiRESHS LOb&arertdaiien-nta
carbonaceqys el elems (A eated, Mok e, Eng el lement s fe.on mofe
ﬁh the surf%% 3t which rel Jrodnted within the, die

longitudinally extending passageways, ces 0 are coated with a microporous layer of

solid particﬁ'i‘g{’?@'nﬁfe?%ﬁg"ﬁ]@ T Ryherappteai i aretisd Qoeip e passaygiaraly beeMte-formed
fuel elemerf thy sErayEhgydip g aor iy shoed ipasespensicn of troredafithg thaadrgh the fuel element.
gh% %Qatilr;g is thfﬁ_ﬂtﬂéi%ﬁféé&@%é&ﬂi@éﬁ@v@m@@?b@?ﬁéfaﬁa ﬁtate.ﬁu%e@smt itis dédamsiehigen fOfund to
e difficu ro rm, ho nQus coatin er,on the surface of the passageways, for a
number of %%é?goggg?ae%%&%égn%w%%%f t%]é% ﬁj%l e egr?]sé tsthr%nay Ogt\e/er%qg{g%é?e‘%fa é’é’g‘?ﬁag about 3
mm, somefifRYfEsastHiR ‘i?fﬁ’fﬁ"{if?&'ér\?e?mﬁo’\‘ﬁ/@‘ 515092 077PL S 7RASEHH B0HB RSB FISB coating
layer is thetiesf dr dgoireiel intbsaeodrehbovestdrsdiffioutbecdmensites aictheaettiinded atiivge laetr with
e>t<)istir_lg teqh@iqme.&e?aﬁwm@mhmaaeealoam%m@m_Eﬁénlmée%gaefw&mémemtﬁmrlard, "
abrasive materials. Eur e r ic orm arhpnaceous materia
which is méuigé%&'%%g%%?{%g %@aﬁ%#%%e%ﬁ%g%%% %l%@gu ng 'E at the @E@[F}lg t%rﬁé;{tégrjlrgFllgnabsorbed
into the pofY BPEkass e Yr tHiNg 5XER Bvays. This makes it difficult to control the formation of the
coating and also stz temessinduaificas euritiaiHeateds;igaetiaspbpitpiafitregbinte f zombetibleen the
carbonaceqiss snmeniabanddheocratinghlayakol is génaidd be fesikalaterter peavigeaipialiied and

more efficiegtaragess Al pLoduRanabAGHINdeRl-SPINABAGEOUS EaLaouts (o heated

smoking article, the heat source having one or more longitudinal air'flow channels eéxtending through it,

g ’
in which a GhifSRSEEaTn g id SpPTRld B e sl dEePESRs BRarRaTEssir ofaRimay ™ «t
would alsodseaitasieably @PprRIVRcahigastfootirngitetieal afoiaappipimglextandigationg tiherentongitudinal
air flow chaswgisoptia ciiindocatheriesaueast wihdleinicinysingelosrsubsiantsiiminatingahe
problems eneQuiRr e in, %ﬂo(ﬁgra%ﬁfonépﬁi%?&% ISEHRSEE AOAYVE inner LFERLALAGHO Lheqpipsent

invention there is provided a process for roduction of a cylindrical, carbonaceous heat source for
a heated sﬁ?@?ﬁ?

AR RANRLPBTITEY [RSHFR WS i PRI PO ER AR B NP
therethroudf§nfes- inrlee staRtice BRWITIEYPIEI0eYEE I Sdithea YobkripRiply, Rreentinithénfevcets
comprises thesiefas 6f-produdd)if@rntiagdhnewsyiirditcakbeat sautae byiexithsias of enearBienaceous

material th W&a@%en@mésma%gém@ Yith& mandiehmas gL Re St em g ik flow

channel; ar;]d algg)ﬁ)éyin a fluid coating compound to the inner surface of the air flow channel

downstreafF 8 TAE FaHAIZPY ri‘%‘edi_ng the coating compound through a feed passageway extending
longitudinally throtRji-thédharddesaivgsanirepsifautie Pradudianef thesdonaganeediretiaiementing
compound farets ibatdanensingaaeiof. therairfloveishannabasferesuticpd iorgrsdafaagdkesionigetween the

coating corgpaynd,and the {RSLSUFaRR.RIERL IR THRS:ARAARHAR laYSr Gsthg sylindiea! heat

source is extruded.
maHenaL The coating is applied to the surfaces of the passageways of a pre-formed fuel

element by spraying, dipping or by flowing a suspension of the coating through the fuel element.
The coating is then dried in order to remove the solvent from the suspension.

It has been found to be difficult to provide a uniform, homogenous coating layer on thé
surface of the passageways, for a number of reasons. The passageways of the fuel elements

may have a diameter of less than about 3 mm, sometimes less than 1mm, and a very thin



The term "cylindrical" is used throughout the specification to describe an extruded heat source having
a substantially constant cross section along its length and includes, for example (‘:%Iinders having a

. it QL) oo . Jer z.?pfy 3691 " . .
circular, elliptical Or rectangular cross section. In the process according 1o the présent invention,
the coating compound "wets" the inner surface of the air flow channel. This means that the coating
compound spreads out over the surface of the air flow channel of its own accord as a result of
thermodynassingliying iaecesraneqinrpariieLiar oasaBoesilisaiithaifes grsvebadbesiginkebtgen the
coating corpauieh AP IARILBUIASE BT AdoMeChaRRG mbidl 0 IRy ik g Yl wets a

solid surface is a WO 2009/074870PCT/1B2008/003691 4 thermodynamic variable that depends on
the interfad&FRNS S SPIRYVEMARERIR iRHEHEER S dVh LRLBIRMEALS iAte rically forpsd Bbasible to
determine thdoragaoustosieriehvwighvisrriicpuitiand Wi edisingr geating eohrigeting ithfowre ihkhthen "sessile
drop” test, ysbirly MaasINe:bacrEaNiAG! hp gledcithe sufdbe thRoseiadiapetmrdiarbarizontal
surface Oﬁa{%ﬂﬁf{‘&h@ogF&Ri@f&rﬁ%%ﬁ%; %@%@%ﬁ fé%f:“ﬁlé%e@ré‘ég Bl %ﬁﬁﬁéﬁ&%@’ﬁtﬂq“'d’ the

more the liquid spreads out on the surface and the lower the contact angle e contact angle is
typically mB&SArE 4 L i5EAR REMPe 0 iR GEBrRETRR S M E0 Aardh® 3AR9r8¥%8hd analyse the profile
of the drop. The $owuile trdesitabldsarravidd adimolifiedantreorheafficerhpinsiensddidhsrButfelice and Colloid
Science, S Bifde#in RarRN8c4alb 289 dnublishierhbndaRmdRIRSSticle, thiHER fyeeesswighe present

invention, if. i . : | aiggloTel i 15,8 SR, ial forming
~ the extrudégi_gg%gg%?i%&%ifﬁé%ﬁ;%%igséia As g%%%l\lﬁ%qbtwhgjvay mﬁ\l/v%i%éﬁ;? e g%)]agﬁqg%ayer is

formed, it iEPURSIBIER S BRRRAHET 31 0¥°BPRE% 0ating compound on the surface simply
by bringing the clatintfcisn deutrsitaRle domraeitevan eiectivefercsese fiercpeiingienhiT iseatioating
compoundwélidhgndrieadiout ieanéhcosdrigneinidheaisdove shasnehohidsg whsassardas the
cylindrical Beah Sty 6% IS SBHdest LRS-l TR QERHUEESRE NG Qg BRsition at which the

coating compound s fed into the air flow channel and there is therefore no need to inject the coating
compound adjacBREIEThIfE RTERSDOFYRRIST FISTR EHARHEPY ARLsg StHe d85IRPHEDSTAD may be
fed into thec¥iriiceloFaORRESIR beRtrmeercaRa e fheptrthempkieg oitisediethesborvirrdiyitdideed

passagewayhgixlending tbroctgintbecgpntiacohthetnags ek Hhis airargementisisgifiesdthenapparatus
required fog, theaRMIRY RIRAESHanrbeldoificanibesedigessthe level of precision that is required in the

application of the coating layer compared tq prior art processes. Advantageously, in the process of
the prosent inveridon tHETES e, UG B B RO UHE aBHE B R B HECHR R Bontac
pressure térEgs aike COBRPAGNOM SBTIPRIVAG A Rnere! mpeMed erindptisemaibei el lewaahaeneks in the
prior art praeesses described above. Furthermore, coating compounds of a relatively low viscosity can
be used, which gjes %%ﬁiﬁﬁd‘@%lﬁ%ating LHRRORIRG 43y ShePRIRLIN IhePIRCRST Bidhepresent

invention is surtgggagr'%jlallfythlgi}}‘)ar% in %or?%%lsritio és(;[{guclzturgo%nd utrrgécmggﬁ_loa/% th esngr% ir&ner surface
of the Iongﬁﬁ‘glna &7 flow ehanner and the Sarface oaﬁﬁe cogﬁng layer subs?arﬁ?aﬁygsr%c}’oth.
Furthermor&ifiracengérditatiBiieuah the MpRt 2 Adce drame AvtiOIP dra AR FrRaRe. BeERedund to be
smoothed e theattaaticapdiebkeestesindhaudesdingiteyar fidwathavoulhothesaiseierceised as a
result O.f Su&ﬁhé’é?cﬁﬁrﬂéﬂ@@?xstﬁéec&gﬁﬁﬁf%ﬁwm@ﬂgE%Hé( ﬁﬂmieéﬁﬁ@e,ﬁh%ﬁ%\‘% gROLSAryface
properties are a rﬁﬁult %Jhea*cr%aattlrs\g layer b(;l&&ggrmed due to thermodynamic forces, rather than by

the mechanital aé%pp iCALNS pressuurre?. IR Contrast to the present invention, in the

The term “cylindrical” is used throughout the specification to describe an extruded heat
source having a substantially constant cross section along its length and includes, for example,
cylinders having a circular, elliptical or rectangutar cross section. |

In the process according to the present invention, the coating compound “wets" the inner
surface of the air flow channel, This means that the ceating compound spreads out over the
surface of the air flow channel of its own accord as a result of thermodynamic driving forces and
in particular, as a result of the forces of adhesion between the coating compound and the inner

surface of the air flow channel. The degree to which a fluid wets a solid surface is a



WO 2009/074870PCT/IB2008/003691 5 processes of the prior art in which the mandrel is used to
mechanically press i the coatlng layer against the surface of the extruded artlcle the coatlng layer will
not be smooth;, SALE € Revitable imperfections in the surface of the mandret ar{(c'lofﬁe extruded article
cause imperfections in the surface of the coating I%yer Surprisingly, using the process of the
present invention, it has been found that the coating compound is not significantly absorbed into the

carbonacegidfnibayiedint obiapideal sepies @VeR WheaadbrdRIBY GARbSIMRIAE alrbdsma digh porosity
and a relaqp{g%u%gés,ﬁgﬁé coating compound is used. Unexpectedly, the coating layer is therefore
uniform and well défined, WI'[?] a sharp interface and good adhesion between the surface of the air flow

channel and the gdﬁtﬁ?ésfgg‘?ep fﬁ@%‘%%%@éﬁ?p‘%ﬁgrﬁe@v@ﬁ[ﬂf@dtﬁéullwg fiRotd Bt Yects
occurring ircndinglthe sl dopwe seisiptiniseciebe weicfomaasiressheeshiect awls detwaeingpase of the

heated smphkéfgcardciaiibiediEihg ipipeaEDeiaRe.on whidsing tispRIGeprs« thRegaeNtivention it is
possible toﬁ%@@ﬁ%ﬁjﬁf? 9}%&9%@%ﬁﬂﬁécﬁé’ﬁﬁr@{ﬂg'ﬁﬁgi&‘%@%@ t%ﬁ%@@ﬂo@%@%ded

cylindrical heat source e extrusion process, using much simpler apparatus than required in

the prior aHPB?Bé}é%gggtaﬁr@?@Vé%} Bfie &?rﬁgfg?lcgf’é]glﬁr\% W?écﬂgaﬂﬁﬁsgféf) YR AREBEBEtantially
simultaneoisihg. cRMeasotRsssofivene toreartvreippd iiaiyss therstdile eirfheffiient Thingaesiiteigrocess

which takeeg snisdriBBao it Shttine, as heBHIRIEXEHIS IeMIuRLeSsndl DBIPIDGSeRRIS, Bssunditable for
industrial sggilpmpr%écgnggfgt‘{gmgQég%%ﬁhrg}@gg)eIy high speed. The coated heat sources

formed by the process of the present invention are suitable for use in a variety of electrlcally heated

smoking articles, 2% ‘%[gchéc?Flgﬁlﬁ'ﬁ%ﬁb@‘@@%tfég BSEiRFRY 'S ORRRS th&RY ARG TRINE air flow
channels ofhiss wetatastiane aliiye pratsishferming the gridgrtlieriSouwethedigudeasedimited to the
decrease and stafilisadiun of dhevianers wiils oistheienlsericeothied) g ENsskige tiepprayention of the

release of ﬁemﬁ%'mmqﬁg mgnaecm%aé;r@amﬁ@%@gﬁw\sﬁn& A fkbsARlpase of

carbon monoxi Into the mainstream smoke Advantageousl rocess of the gresent

invention iYTRARIE F8P FRBRGHVI\hE S VG Wino 2T 86mp91ﬁ18%at§1 CBTRBYPErEI&18Ps of the
process catPiseheidpte’l fivdstoptrobineoatfiptheharopeefids enthacasdcasaliepeiingnissbhedthe
thickness afltlieeCoadingdayerfaismgiddnvaiepctn) atsspdsivdapresisiahibh canitotiethe coalifte thickness
of a part'C%%awﬂ mm&m&datpw%ﬁm ihe ﬂ@&%&@ﬂ‘é@% mseégéat 1950 R.CaBLdRAdily be
predicted b the skille man throu 12 §p§ athnﬂof owr}g §rmo amic principles, 1, &5 described
in D. Querg 4?3 ﬁ':’[‘w %Su ¢ ( |f)”é‘1'gcesa zfe?n {& 6?8cegss B?Q%e present
invention, tﬁéﬁhﬁ:ﬁ@%@@ @Ptﬁ@%aﬂ’?@ ﬁf}/é’f“bﬁﬁ'ﬂf@'aﬁ\@?éd’ oY Bisdpitshty tiseed Sraseny tOfweR coating
compound adedh@p@strgisian setodityg Brdogththd\eEn?H 0010y 48 A0 C THIB 2088/80886%Intpifies Unlike in
the prior arfgr 23 F&%%ﬁg@%ﬁ ﬁl&%ﬁ%ﬂﬂ&%@&%@%ﬁ% 95%&9@%&@5%@%%3&@@”&06 of the
air flow chemq 2l I3 r&(l)rt er'lgte %}éatp etgg of ge FeC%d Eaargé?cgewa¥ n the mandrel, through which
the coating caom otng i< red. 2Ravan a eous‘i tfH e%re MREPOSTDIE 16 BitsFIRe thickness of the

coating that is de‘ﬁ‘é@lﬂ%ﬁﬂl?ﬁi’%éﬁH&M@ﬁﬁ?ﬁé&é’éeﬁé?a?ﬁbwmweﬁ Fisecsey aRieiaindin speed,
rather thancogtialidaveg themlianmeterawtiheited passag éwayssttecmtmdceinphund ebagiatier design of

mandrel cap-hesafare be qnaplayemheﬂaﬁhgﬁean@f Pt Pﬁ%ﬁ%’?@%&@é&’éﬂ“@&d&ﬂé&%ﬁ@e to obtain

much thlnn’(_arr&%%g Sco%ghggrgpggr? S o?glree ativ qg\!«? %sé{)sny can be used, which gives greater

flexibifity.

The coating layer applied in the process of the present invention is substantially uniform
in composition, structure and thickness over the entire inner surface of the iongitudinat air flow
channel and the surface of the coating layer is substantially smooth. Furthermore, surface
deformations at the inner surface of the air flow channel have been found to be smoothed by
the coating. Weaknesses in the coating iayer which would otherwise be caused as a result of
such deformations are therefore substantially eliminated. These advantageous surface
properties are a result of the coating layer being formed due to thermodynamic forces, rather
than by the mechanical application of pressure. In contrast fo the present invention, in the



Advantageously, since thin coatings can be obtained by the process of the present invention without
reducing the diameter of the flow channel in the mandrel, the problems associated with the prior art
processes, suc‘:%oag%gfﬁsg?mear stress and abrasion, are not encountered td" P41 &kent in the
process of the present invention. The process,of the present invention also has the advantage
that, unlike in the prior art processes, it is possible to apply coating compounds containing hard

particles, sireestasslranshabnet Manibrve anatbisiaisiameiecianyayanthlockagian@yaignificant
abrasion by dhfdhad Baicleny il WiRotR samponar ind.stisension olpartigies in a liauid
solvent. Such suspensions will typically have a low volume content oPpartlcf'es and a f;ow viscosity,

which makSEYERR cIMPERSTEIBRS tikritto TWERSR -Rlc s TRDUR! fIBRY Ran AEryisH PHidef8UESchniques.
However, tinperectidnsus fferssidess iof theoemdivgdagecording to the invention has been found to result in a

coating layer of syipFighgiifesimytyhanslostiilty the prEdsfieritigherrrasassiudhed eampises the
step of cryipaing exBEd [eak i tle.00aIgR MBiRsaIdd s amiien: jggperature o

may be assisted by the application’of heat, pressure, or a combination of bot ically, removal of
solvent frofPH5E SHe AP0 dRicRTAERRAIHRatea L es ARE N Rares iRy @dﬁ%ﬁwag’wm’ﬁ@%sired during
a drying stepaimalsrimgostesh iwvilisaguallpexeegtssite dhaheatihe lepetisgtoeripeundista suspeision, in
order to reavedheiticiigippaneratinm$yopeasiaRioniiendeinge hirRartcirs af #ae shshansion form a
uniorm, denRe R Sl Y, dvfele e drmavslob el 10,20 MikaRg Rblegoatiggayer during
the drying step and any heating steps will be high, which makes it possible to reduce the thickness of
the coating®SH RIRIMEeRg! dad i 5P aa Wﬁﬁ'@%#ﬁ\%%%%?@%?}&%ﬁﬁ/ﬁ?&éﬂﬁ%@"&iH%‘Z‘réﬁt to that of
the carbonthsatnaterhsinoking ddidiegrdeyingtaihis Ineeiacpiedith the potential of the coating layer cracking or
becoming separatrhdr @ s« Iana prYdat Thtatie. Ho Wesstile UsiBEpNE BEaGRPB @hdhmmBresent
nvention, ILisRSSIRLe ARARIMA SPINIRNRMHER '8l iaAap IRan oo AN hehows

sufficiently q‘(t)od, adhesion to the carbonaceous material that these eftects can be s antially
eliminated SUSRRRIRSETR1YS P iMAduRIR'T0 ARBARIHR JMer po Ry b BRI Pib R5PERESS the
extruded hEBafeshhcdhmestitsonsigr gy ther contichitetehe fince pubslactallorimitangies!it ey be desired
WO 2009/Qrdsé0 REThEL Br2088/R08604 & tnsulhjeciihancxiyderdibansoeadahararkirgatment in

order to stahjli JeTo N ' o] [ j | it that have
been adde%"%iﬁ?ggfgo‘%‘%%*gfﬂm%%%’sﬂ“ﬂ% %@%‘ﬁ!@%&%ﬁhﬁ%?ﬁ%%%?é{?é?ﬁ%ﬁ%ﬂ%ﬁ%bw, the
{ £

process furthier §HeR %"ts?%‘ﬂcgf RERT H WLARP S irce to a temperature of at least 750 C,
preferably under dreifeatedihraistieses ferdeddiytthd Aivgeabolithsintesiny iovgnyirnipeissuitableTfae process
may furtheusaderpoetaigyeotetéititestie Meayhicbihe axtiused aylisdrcalibaateatceidaretédnto

individual H@JHR&%&P@&%@%&F&% i @KadNAGERRIS RE Alsr IGAIVRg sLaB-Anshany other
additional eriglg:eefsﬂ&% r%[?r%ﬁb n%gfgﬁgeag sour%e preferablg has a length of between about 7 mm and
y

about 17 mm, more prefera R B A& RS R R A b B B I s BRERR LR of about
11 mm. hETBREREHER PrEEcEBRNN S edrasiiies Al 'assihgiedidisrdindaln/ wdisriatothaxial airflow
channel is fosimecahhendienetahe btheeatinfl@itich esmskisfpreterablynbetvass dbondidsbeanin and about
3 mm, morgpygferably between about 2 mm and about 2.5 mm. Preferably, the coating layer has

a thickness of be%egr%%bgysﬁ 1Qhré1icrroons an%dﬂ?bout 20t0. microns, mqre Pro(teferabl of between about
10 microns and about 190 microns. PS8 ergﬁf{fs{?}ne {RIRRIILE o iiee'R gﬁiﬁﬁel J8rdotiied on the

inner surfa¥@ighié anatiegy CREgHBYSs BBFfrdNRPRMBUSISPhAMe threersh B8RS denadsedhanfiow rate of
the coatingcootmpeadindstitrhe gotheitead thassatgexmayebhthemands elidmetepi(inye: dhenkaweate may in
turn be confrliedioyal e s elirtiapshanad the pressure and the volume of the coating

compound. , . .
P The thickness of a particular coating compound formed using the process of the present

invention can readily be predicted by the skiled man through the application of known
thermodynamic principles, as described in D. Quéré, Annu. Rev. Fluid Mech., vol. 31 (1999),
pages 347-384. In the process of the present invention, the thickness of the coating layer can
be altered by changing the viscosity of the coating compound, or the extrusion velocity, or both.



In certain embodiments of the present invention, the flow rate of the coating compound is controlled
such that the coatlnog la er is formed immediately adjacent the end of the mandrel in which the outlet is
provided. In this case He%ow rate of the coating compound directly affEEE FRRBIEHREss of the
coating layer that is formed. During extrusion, negative hydrostatic pressure is built up at the end of
the mandrel as a result of the relative motion of the extruded heat source and the coating compound.

The hydrostatic preikauke the theofestl HEcSRGS \WasEBaY BeoROMEDIREKHSE L IR RoMAgadyessure
sensors ang fhe BWrBV%EFfHEQ H?%Kebguxa%ﬁ‘&z%ﬂe'i §H§H¥5§f£‘8tégeﬁ§ % HiSHEA3Y ﬁ\‘ogv‘v?%tc? to ensure

that the pressure remains at the desired level. In alternative iments, the the coating

compound GNP éWﬂﬁ“(ﬁ@Mﬁﬁ&P@t’%chB 5,189 th ACXERERAERKAY of the
coating cothgiglanel it fonersidie thelisottienhiskrisesadf legncohtinmtbeinisegimsitdy hyljateingtthehe end of

the mandrgtoddie paatirgtawacistonsestinmesialehrdpenstrans wiihg ERsaRYQite damélew of the

t | t
T he carbteey Lt 1 GE ey eI Re corrﬁ%%%“rgq e IR ion o the

air flow chERRSYR Hagi ReRP R8T 8M RIPEEERZF of A%t r’ellsrﬁg? ﬁ?o%ma'@dw f\iggner
2009/07487@H g HBRO6S(BE6 9tE: yadmysivigualy.increased volume of the compound into the mandrel

during the initial s\ta@at@j@wysmﬁbesmbsemmgﬂmhedlwam&una? thaylecad]ustad retbat the coating
compound iR {ESRNA R ERlPGRH M’é‘?e?%‘?‘%éaﬁﬁv@%%#ﬁxéﬁm‘%&?qﬂg%?ﬁ th i Hlapghannel of

the heat source. This means that throughout the extrusion process the meniscus of the reservoir
advantage%ﬁ%#sﬁﬁ% H?Fsﬁ%‘gtéﬁtlgiﬁﬁﬁ%%aﬂfghpﬁi|ﬂ[9|'? RSt E I RPEEINE HENRe.
Movementeptehaterrsisevehisackieat dsthetbronesinbihemofsenst invanimel may disrupt the formation of the
coating layer. Mowenaerked thenaeiseumidnther auwasd o dne s diel, waike irase piiddanger

sections ofihe.alt 1o epRARRL Relged iPBRBEG IR BriaininlD IUSLIGADOUIALARG figptol the

pOSItIOﬂ of the reservoir sition of its meniscus ma e measured us a suitable non-destructive
o SuCTRESITAH Ay 8 S SHE TSPy AL BRETES EHnROTa e P B PR Mo o

capacitive B¥HdBs Tiforabbo the saating cerfepwnsriain susrngiobeipeartities Tha feidesrieedlr absence of
the reserv@uds dedpaieidrat Boh@idalpraesitinnswalong twatéavethamnaes aintha eatingaampound. The

flow rate om%megmfmpf&rgﬂa w@'%ysnxa%emnwaﬁp W%&H&\t&%m s remains
in the deS|re ,QOS"“O” At the out et of the feed rE’)assa%s nt e end of the man% , the edge of

the mandreTs Waﬁur%séyHé) Vet E{[Sgé‘tsﬁly Busﬁeer{?'ecff'es ARG agv%r%nl%%gneeﬂyﬁrgng?rg% %egnd
breakaway/®fehie ©sHliiPLoRS RYRe 8 svesripeaitRjeiyfandstabiidrel. The process.of the present
invention may alsosheange dhtopooekicarthayliodpicasheatssaisc erdiayittg axplugadityeaf kangitudinal air
flow channgls, by; H&'B&é‘ msylrbéheo%yeeéaoatsmmttmﬁeaaﬂlwamm&m%tét&ow tgd in the die

orifice, each dreI one of the air ro afrljn Fref be}wie r? ef ree air flow
% ca EOI"I essure, or a bina i(ﬂ'\ Q lGa OVH Solve (?
channels atei6imed eat-Soutce “rhe s on Shanné ave the Sam: di erent

diameters fBee%i‘é'H%éﬂ'”d”CaJAh‘FéTfé%”ﬁééﬁ"gdﬁ?c”é’ﬁW|ﬁ@"&’?}‘l‘ﬂ?&ﬂt‘yt@f f6RiRel EHIAR A9EN8 channels is
produced, shsp.irhdysgrétgend! anmiiyibmdesired thieeaihé ovatitpsunelsumbly beuspatednBaokiehannel may
be coated {p thgsRanEshAesREREG ﬁe%paysfaedm;@ 5 pampaundHhLough aoflqurpassageway
in the mandrel. tthat |§e%%%algné:]r th]at E:Cgﬂnndel Preherabl e |nner ﬁface o& aII 0 tthe air {Iow channels

ue to ojven e shri he coatin
is coated. ‘?he coatlng com oun d’to coat eac alr OW C anhe ma e Same as, or different

to, the coat®i§ BiisotisCnded %@%@ijtﬁ@d%ﬂ@malﬁm‘ﬁﬁém@@ Wh'C*FH@ab‘Pédbggsé'lbﬁﬁéOpresent
invention meindeetitaiirigchanstoivitie eodtingisill acterriydndhed of shninkabe birbeicadtitiyenteo milVith

horizontal %wﬁm gy ’Bﬂ%&%ﬁﬁe%%ﬂé@é@é@s dﬁ@{@ﬂ@%&%ﬁg%ﬁ%lﬁ%@é@ﬂ@%@ﬁ@ it has

been formed o p ner s ces of the air flow ch anne aratege compé)und havin L2, hlgh viscosity

er CI'&C b
and large yi ;?e cf‘ reng ’”Pré’a T Ordi preven |s eﬁaec?nﬁ%wle%@r aurlng supply of

the coatmg"l?&’ﬁ?ﬁbdﬁd’@ﬁ'fﬁfﬁﬁ‘}ﬂ?é @B EF?&HWéPYﬁrtPfé‘ rﬁét‘h&%‘?*bi'?@ REf i@ tarRs ‘(YB%Slty of the
coating compotficeily atbbwaas poissiblend erdes taiverdyaggeisidasses anthabkraistoaceotise flow

material that these effects can be substantially eliminated.
Alternatively, or in addition to the drying step, it may be desired to process the extruded

heat source in some way in order to achieve the final product. For example, it may be desired



WO 2009/074870PCT/1B2008/003691 9 channels. A coating showing thixotropic behaviour is
therefore preferred. A thixotropic material is a relatively high viscosity material that undergoes a
reduction in viSEBERWAER shear force is applied and reverts to the orighfa Hr§HE¥4Eosity when the
shear force is removed again. Thixotropic properties may be obtained by the addition of a suitable
additive to the coating compound. Suitable additives for this purpose are well known in the art. For

example, apisobieRitheRGitde RasHhaICiRearRIakRAMYAIG oréd: NAlRisishRRed paglicles can be
used. Tie LAIANACSANBACEH SAMIER i RistRrRblsonotHstble. and nadditien o carhgn may
comprise one or more aglglltiona combustige Ft%e?]s including, éut noﬁlmiteg to, a uminlum,g

mag nes_iuﬁ?@gmtmgféfwﬂﬁéﬁﬁ?ﬂ@%ﬁ&gﬁéﬁ?@d sﬁ%&ﬁ%ﬁﬂ?ﬁﬂg@% refvfgﬂﬁj%‘ higg hiath
generating warisiy, o oy amoeents atencenpiete stiin*Byp g and whic
provide formﬁi@amgmgmmé,sﬁengﬂ}@mhgm@wh@ &g@p@@g_ce. The carbo_naceou_s heat
Sources oymed D akacsan s RIEREILITYINRD 866 WRFIN LR NA INGlRgas'y a2

substantial impact on t bustion rate. e combustion proceeds, oxygen may Huse into the

mass of th&1Es '8 Gt Etepdvidkdl BafRTENT 15 SHERAS'EB MBLAIGPlace befprg. 108 Ffteidhrcd¥iModuced by
the processtes gl grysetheiradditiion arecesding ritersafrdqiv dfedadolyresf pietfstiontiblly amefgtmafiameter.
The heat seutgss By foneamnBaiRubEe ey ncRr RéskibR antathesi ebbal £10sH 8eeHBAtABa cylinder

of substantially ellipti CIQSS 36 EOH. ge cross section of the heat source may be altered by altering
the cross section ofq e {)Eﬁie ?n%ue dé, through which the heat source material is extruded. If

desired, organic BInt&RTh BTt foPSi SR MR B Foge AYaRvdEn sirRb B uded, for
example, adidieivsbaonplrisiiroredombe kikmieiar of the ZofinlyrtdbtelHe atcizrabbebiforcexabwptel Sintering
aids), addittwasita preINeiansandkisiannlitberhest sauucentfpasxarsple petassium) and additives to

promote decompgsiti f one. oft I t t.sou for example
catalysts).%é/é)icagllﬁ%%%%d%%ivg%%[%ﬁ deele)gt%g 52%% ga%%@%%ﬁ%%%%ﬁtfgr?ﬁf%ﬁ%raﬁ? é)gt%ﬂ(sion.

However, SRAZHERRa%8 REfaes LR NS h PR f DErReH LY PR IR RiESfbustion and lighting
properties of the Rezirablurtie. thicknFrect dra positiariaspicfgrrogpsteridbedntire ssdatm gf domaidiomd must be
adapted dejpansing entioreatRoRERQAISHRAURTRERRBNGILA G i foHR: dienbeahsy ¢empbuRrder to
optimise the, weting.ofihe A%E%E;Q\H%?B? ghiheairdon channg! bybe&atR FAMAAUR be

Advantageously, the coating layer of the heat source comprises a layer of solid particulate matter and
is substantfé’ﬂ?é“?qr%%ﬁ‘?he'gﬁl PHRISPh B BEhARFENARE EEEEHE W §5icRIRM5eChiiRi&ePiNdhe form of a
suspensiortea®eidseribed above. The coating may be formed from one or more suitable materials that
are substantially thesnan\estaaleans dencorabustimlenadinecasabassiontteraparatdsmpiiihe heat

source. Sujiabjg.Bhatesirls RaeHD oV iﬁ“y@r%tf%fﬂemﬁ%%iaft@é%gﬁmhg@(én?H@‘n?a%éﬂ@P'i,”’ ,
bentonite, muscovite mlcfa metal ,gé&de |“ gﬁ/o 2009/074870PCT382008/003691 10 such as iron oxide,
C

LR, RaaRRY a A E&HEY dBiReS O CBRINM PIBERAAE G phite,

alumina, tit'gnla, S|I|ca,' Silica-alum na,'_zi ! _
glasses, arfffenidreBiginresrhteriarsiBiodarabiiritie M TesreBEPYcteraiarcpatply aiutsakRinclude
mineral conmessune & sudthupsclay srandt Micaaeots asom rexidienf refekaby/ mdiercobtisgaamgabund

contains befyuees), AU aﬁq@%mp%ﬁx%.bvh\équap&@tiea.%s%w@%ml{e%raé%sga@mpﬁ?;ffab'y

between a %u;;[q %8"{/3%219 i%b%%te Zr%%b v;%[éjsryrg.Slgr%g?rabla;;%ﬁhelgarticle size of Lhe minteréals in the
coating compound is betweéen about AR and 5Bt 20 |cer6 usted n

response {o the pressure measurements to ensure that the pressure remains at the desired

\g_pressure may be adj
leval.

in alternative embodiments, the flow of the coating compound through the feed
passageway in the mandrel is controlled such that a reservoir of the coating compound is
formed in the porlion of the air flow channe! immediately adjacent to the end of the mandrel.
The coating layer is formed immediately downstream of the reservoir. The flow of the coating
compound may be controlled by a pump, which operates independently from the flow system for
the carbonaceous material. A reservoir of the coating compound, completely filling the portion
of the air flow channe! immediately adjacent the end of the mandrel, may be produced by



In a particularly preferred embodiment, the coating compound is a suspension of ceramic particles.

If desired, cataly)tlc m/gredlents such as ingredients that promote the oxidation of carbon monoxide to
carbon dioxide maygbe mcorporated in the coating compound. Suitable cgta{thz aterlals include, for
example, platinum, palladium, transition metals angl their oxides. The coating compound may
comprise one or more binders. Preferably, the coating compound comprises between about 0.5% and
about 3% hymighérnirreide vdlineCemidinakigid Gidoindeltse Aaarwammﬁsgair@ smitabéfa@aﬁ@ter is

Methocel(r) imetly! SaRUIaREWRY @é%@%%@r% CLsaSRY QQ'EﬂBﬂRcX)coatm {%ﬁ% arucfgmpound

may also comprise one or more dispersing agents, to prevent agglomeratio esin
suspenS|or'ie‘°1§F‘é‘ﬂ§r'3tfﬁf"?ﬁ%d(ﬁféﬂ?1§ %lﬁ?dtdﬁﬁ?gfﬂ%eﬂéﬂﬁg Sy f‘%“m‘?ﬂ%ﬁkﬂ%f‘iﬁ% by
weight of ssdisgrersifiisanents dhat domvigirmatidheotxinesion rmeedisersiagjssye mfstheaaesgoreferably
between abguintaddoRNtaRANE FeurbtaRishipe Rhit Paiakle disherdngeagrnbisBeniaae(r) LT

(Orga”'Ca"M&Qﬂglﬁ%ﬁﬂg%ké'@u@%é%ws%@lﬁ?'ﬂt&ﬁ?&?‘o‘? ﬁé‘]a%’ih?e%%é} S;al%crc) tiorf "

antifoaming agent may also be ad he coating compound, An exam 2 Suital e ‘antifoaming
agent is AGt&R5°AY t?H’deM@WB@’AH&‘%W&H@Q&%E&%MW@%fiBﬁ&“ﬁlEﬁWfS P Ed YRS,
available florgevisastitng Chiemaiejlow chapnbidreing sk thindeassedspersing agents and antifoaming

agents, and theirigliasistemibmdinenlegrof thepsusprBsian feswihdihitaaoatierosidednaiiecne!l known by
those Sk"'%a%@ﬁléﬁured ub ﬁg@gﬂﬁ’é&e‘%’n‘ﬂég% E%é’%@ﬁo%%ﬂ%ﬁ% %Q FREvEeR A mPa.s and

1700 mPa. s at 100s-1 more preferab etween 100 mPa.s an mPa.s at 100s-1 and

25C. (1 Pab@ Sfﬂlﬁfﬁ‘fs ﬂe"“"mﬁﬁﬁ‘%?ﬁ/@ﬁ?‘(?%vﬁﬁ‘ﬂbw 6@%&3&8@%5@@ ?JW&;}EBP%%? ple only,
with refereficsadaineertivo rrpernirds dribwngsensadiiehsence Fidur cedentatissdatisiagiaidiviedcross
section thr&m@;&mﬁbaa@a@e&wﬂa@ms@f tReSCPEOGE SonaRLmkli MBd e fissd exasiesiie present

invention f % %@féﬂé%mﬁét%de?{m@%é‘%'%e%@uw Qnams in the desired
2009/0748;95’%;”82008 00 91°11

At the outlet of the feed passageway in the end of the mandrel, the edge of the mandrel
wall may advantageously be bevelled in order to avoid large tensile stresses and breakaway of
the coating as it is pulied over the edge of the mandrel.

The process of the present invention may also be used to produce a cylindrical heat
source having a plurality of longitudinat air flow channels, by using a die in the exirusion step
that has a plurality of mandrels mounted in the die orifice, each mandrel forming one of the air
flow channels. Preferably, between one and three air flow channels are formed in the heat
source. The air flow channels may have the same or different diameters to each other.

Where a heat source having a plurality of longitudinal air flow channels is produced, the
inner surface of one or more of the air flow channels may be coated. Each channel may be
coated in the manner described above, by feeding a coating compound through a fiow
passageway in the mandre! that is creating that channel. Preferably, the inner surface of all of
the air flow channels is coated. The coating compound used to coat each air flow channel may
be the same as, or different to, the coating compound used to coat the other air flow channels.

The process of the present invention may be carried out with extrusion occurring in the
harizontal or verfical direction. With horizontal extrusion, gravity may cause a downward
draining of the coating compound after it has been formed on the inner surfaces of the air flow
channel. A coating compound having a high viscosity and large yield strength is therefore
preferred, in order to prevent this effect. However, during supply of the coating compound
through the feed channel in the mandrel, it is preferred that the viscosity of the coating

compound be as fow as possible in order to avoid large stresses and abrasion in the flow



Figure 2 shows a longitudinal cross section through a portion of a die during use in a process

according to a S8
article. Examp%

con

99, (}K 70

example of the present invention for making a heat source for a heated smoking
eedstock is first produced in the conventional r‘ﬁ%’ﬁ%@%’?ﬁ%f%ﬁg powdered

carbon with a potassium-containing bum additive and an organic binder system in water to form a
carbonaceous dough. A coating compound is also prepared from the materials shown below in Table

1. COMPQibhR: s UN 6obtagNshevang WMiRdETE AN dinicarsadreipriiemdge) Gaakiagicmtarial 33.00
Demmeralg%q_é/!\é%%[y%%x %%osity material that undergoes a reduction in viscosity when shear force is

applied and reverts to the original, higher viscosity when the shear force is removed again.
Thixotropic properties may be obtained by the addition of a suitable additive to the coating
compound, Suitable additives for this purpose are well known in the art. For example,
anisotropic constituents such as elongated polymers, or platelet shaped particles, can be used.

The carbonaceous heat source is preferably combustible and in addition to carbon may
comprise one or more additional combustible fuels including, but not limited to, aluminium,
magnesium, carbides, nifrides and midures thereof. Preferred are combustible fuels with a high
heat generating capacity, which provide very low amounts of incomplete combustion by-
products and which provide for sufficient mechanical strength of the combustible heat source,
The carbonaceous heat sources formed by the process of the present invention are typically
porous and their porosity has a substantial impact on their combustion rate. As the combustion
proceeds, oxygen may diffuse info the mass of the heat source at a rate sufficient to sustain
combustion.

The heat sources produced by the process of the present invention are cylindrical and
preferably of substantially uniform diameter. The heat sources may, for example, be a cylinder
of substantially circular cross section, or a cylinder of substantially elliptical cross section. The
cross section of the heat source may be altered by altering the cross section of the orifice in the
die, through which the heat source material is extruded.

If desired, organic binders may be incorporated in the heat source. Additives may also
be included, for exampile, additives to promote consolidation of the combustible heat source (for
example sintering aids), additives to promote combustion of the heat source (for exampie
potassium} and additives to promote decomposition of one or more gases produced by
combustion of the heat source (for example catalysts). Typically, the additives will be added to
the carbonaceous material prior to extrusion. However, oxidants may be added after any
thermal treatments, to improve combustion and lighting properties of the heat source.

The composition and properties of the coating compound must be adapted depending
on the carbonaceous material being used to form the heat source, in order to optimise the
wetling of the inner surface of the air flow channel by the coating compound.

Advantageously, the coating Iayer of the heat source comprises a layer of solid
particulate matter and is substantially air impermeable. This type of particulate coating will
typically be applied in the form of a suspension, as described above. The coating may be
formed from cne or more suitable materials that are substantiaily thermally stable and non-
combustible at the combustion temperature of the heat source. Suitable maierials are known in

the art and include, for example, clays, such as kaolin, bentonite, muscovite mica, metal oxides,
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such as iron oxide, alumina, titania, silica, silica-alumina, zirconia and ceria, zeolites, zirconium
phosphate, graphite, glasses, and other ceramic materials or combinations thereof. Preferred
coating materials include mineral compounds such as clays and micaceous iron oxide.
Preferably, the coating compound contains between about 5% and about 35% by volume of one
or more minerals, more preferably between about 10% and about 25% by volume. Preferably,
the particle size of the minerais in the coating compound is between about 50 nm and about 20
microns,

in a particularly preferred embodiment, the coating compound is a suspension of
ceramic particles.

i desired, catalytic ingredients such as ingredients that promote the oxidation of carbon
monoxide to carbon dioxide may be incorporated in the coating compound. Suitable catalytic
materials inciude, for example, platinum, pailadium, transition metals and their oxides.

The coating compound may comprise one or more binders. Preferably, the coating
compound comprises between about 0.5% and about 3% by weight of a binder, or a
combination of binders. An example of a suitable binder is Methoce® (methy! cellulose,
available from Dow Chemical Company).

The coating compound may also comprise one or more dispersing agents, to prevent
agglomeration of the particles in suspension. Preferably, the coating compeound contains
between about 0.1% and about 10% by weight of a dispersing agent, or a combination of two or
more dispersing agents, more preferably between about (.1% and about 3%. An example of a
suitable dispersing agent is Bentone® LT (organically modified special smectic clay, available
from Elementis Specialties, Inc.).

An antifoaming agent may also be added to the coating éompound. An example of a
suitable antifoaming agent is Agitan® 731, (modified organo polysiloxanes with non-ionic
alkoxylated compounds, available from Minzing Chemie).

Other suitable binders, dispersing agents and antifoaming agents, and their effects on
the rheology of the suspension to which they are added, are well known by those skilled in the
arl.

Preferably, the viscosity of the coating compound is between 8 mPa.s and 1700 mPa.s
at 100s" and 25°C, more preferably between 100 mPa.s and 800 mPa.s at 100s” and 25°C.
(1 Pa.s=1kgm's™

The invention will now be further described, by way of example only, with reference to
the accompanying drawings, in which:

Figure 1 shows a longitudinal cross section through a portion of a die during use in a
process according to a first example of the present invention for making a heat source for a

heated smoking article; and



0.95 Table 1 To form the coating compound, an emulsion is first prepared from a mixture of
demineralised water and Agitan(r) 731 and then small portions of the Benton? LT are progressively
dispersed in tNECATAETEH° Ethylene glycol, then the micaceous iron oxiopecyﬁ%z?ﬂ%’gﬂff?ﬁe Methocele
are added to the dispersion in small portions. The golid fraction in the final coating compound is
approximately 10% by volume and the coating compound has a viscosity of approximately 0.65 Pa.s

(at 100 s-1 and 286uke 2 sidwSOMAYIHEUER S $BRIGRINVNGRWPPSHIRLS L2 iy ded kpugh a die 6
in the direction of the a.rO\(/! to f%r %r%d 4. ;rheﬁ‘%ee pfvgxttru ion iskﬁlgpggximatel 2 rmnms-1. The
[

die 6 com[ﬁfg%ess%aggﬂrtrglg | e’aoshelce 0 ci)rlc(?uﬂatrh ?: osgegic |oﬂ,i?rq Which there ?satrﬁ%udn ed a mandrel
10. The mafaied FooldgatiRkd centrally in the die orifice 8 and also has a circular cross section, with
an outer diameter of approximately 3 mm. The resultant extruded rod 4 is therefore cylindrical, with a
circular crosgaf#éien and a central longitudinal air flow channel. The longitudinal air flow channel has
a circular cross sgction and.a digmeter of approximately 3 mm. corresponding tq the crgss section and
Ciamoter of e reo R Bl D R e R e ol 10,
to an outletVi foPIRHN ARG Y THRIERP rane Bt MEaRaindsr oysismyR wagetotfRMnandrel walls
are bevellesrbosactoat dyeghameter of the feed passageway at the outlet slightly increases. The WO
2009/074870PC H/{B2ARBIINBEMY haBadimeanaauRchifdiiounsiuessdnta fagidaed passageway 12

by means of a pumping system (not shown) and is fed through the passageway 12, then out of the
outlet 14 into tEepgBgitRgTalar flow ChanpghafmExtruded rod-4-tmtheaRitgiegge af the extrusion

process, the cganng-t;@mp@un,d—]r&,s?wped through-the-mandrel-10-and.into the feed passageway
12 such that o PSR BRATRPHR 198 R¥Bh g ISR IMASTE forms inside tHe' taifitudinal aif flow channel
of the rod 4 imiediegtaisadjsrient to the engplypthe mandrel 10. Once th&2@&ervoir 18 has formed and
the meniscus Zi<pidbgPreservoir is'in the depidied position relafive to th¢ z4gl of the mangdrel 10, the

flow rate of themm E,Pmpound ts-cont Lﬂiggg@ b;'"g?ggmmp.ng systen ﬁ%ihat the-eoating compound
16 is fed to the reservoir 18 at the same rate as it [éaves. The meniscus 20 of the reservoir is thereby
retained in sub88iAflaffy the same position MHRAFHIEIRR extrusion pra&®.  As thelcarbonaceous
dough is extrydgbyttmeglybothe die 6, the qddsstigiswndspersihd 6denthe red3¥oir 18 forms a coating layer
22 on the inner-surface of the fongitudinat air flow channet, having a thickness of approximately 250
microns. The rod 4 is then dried at ambient temjastature and pyrolised at approximately 750C
under an inert atmosphere. The dried coating has a thickness of approximately 50 microns and a
porosity of approXfin&f&ly BeoroF IR MR- AGd 2Ni<LrRutsIB is 'St RERAES it A RS Hces for
incorporatigeninedieededaiyarottesgitan® 731 and then small portions of the Bentone® LT are

progressively dispersed in the emulsion. Ethylene glycol, then the micaceous iron oxide and

finally the Methoce!® are added to the dispersion in smalt portions. The solid fraction in the final
coating compound is approximately 10% by volume and the coating compound has a viscosity
of approximately 0.65 Pa.s (at 100 s and 25°C).

As shown in Figure 1, the carbonaceous dough 2 is exiruded through a die 86 in the
direction of the arrows, fo form a rod 4. The speed of extrusion is approximately 12 mms™. The
die 6 comprises a central die orifice 8 of circular cross seciion, in which there is mounted a
mandrel 10. The mandrel 10 is mounted centrally in the die orifice 8 and also has a circular
cross section, with an outer diameter of approximately 3 mm. The resultant extruded rod 4 is
therefore cylindrical, with a circular cross section and a central longitudinal air flow channel.
The longitudinal air fiow channel has a circular cross section and a diameter of approximately 3
mm, corresponding to the cross section and diameter of the mandret 10.

A feed passageway 12 extends through the centre of the mandrel 10, {o an outlet 14
located in the centre of the end face of the mandrel 10. At the outlet, the mandrel walls are
bevelled such that the diameter of the feed passageway at the outlet slightly increases. The



Example 2 A feedstock and coating compound are prepared as described above. As shown in

Figure 2, the carbonaceous dough 2 is extruded in the direction of the arrows through a die 6 having
an identical coRQAIEHEA%S that shown in Figure 1 and described above FGERBE Gitike in Example
1, there is no reservoir of the coating compound and instead, the flow of the coating compound 16 is
controlled so that a coating layer 22 is formed on {fe inner surface of the longitudinal air flow channel

as S00n ey e aAIIRS ISMUBSIIP RO WEDIBKIEHA: VIR K RIS ngiich the

volume of the coating compound supplied to the reservoir is co , In the process of Example 2,
the pressuFé’sg)?%é'c’c%‘o’g\?r‘ﬂvdgc%q%b%@rgxoillgog%w SIBIFTRISHRY, 1 R & HEHNEL &L Hhe pressure
should be leitstiisieaiconaierast ipdhecpdruded verdtdiky Hisibiva Btaee b dm g fayrian Presagfickness of
the coatinghayeeai kuypbmalterspbikipadinrsagintienahtihe presslirtothehanpmtsegbeay rege of the

coating CORAUAG L redehGi-ABMEP the BERRE SARSIAG n_ao%mqns_%featﬁy'i@ﬁailfaalnaam%@ceous heat

source for g heat mokjng article, the heat source having a longitudinal air flow channel extending
thorethrougToTiE TR B0 SF IR A0 dar AT B LR B QeI (R i
comprises tRé efajsd and the mensamAfglte esammdicalmihatdesiipderjtiortrelstiva ofthecendehaceous
material thtoelgtasdckier oommhgta@uﬁﬁ@aui@ @mpanced mqateai ﬁhm@imtﬁpfﬂgmyﬂ_ﬂaraébﬂow
channel; afgly e diAPRUINBHAYE £98HNY SRRANRA 1 WeanarauHaceof thg,al flow channel
downstream of the anfd&el rtég feeding.the coaynrg gom;ﬂgundt(twfg)t ha fe%\(;j#)ass%&ew%extendmg
Iongitudinanrf sr%’tsjg e manarel ah r}?ée\a/?ﬁd’aaaﬁ et FHeTRL eTeof, it AfRuaR tting
compound {reestiHEcmBeEesfface of the air flow channel as a result of forces of adhesion between the
coating compounkkanel dinedraen s dags |Hmln§thmm ﬂje mezﬂ;im!mmg&éh@mﬂw@kiml heat_
source is eyftudechdr™ PrRRRSSASEANGR 9Rim IWhGigindheccoating %%HM’ & dciispension

CONtaNing Sty RIS PIPSES S 4551 IR 2 wherein the processfurfer comprises

The rod 4 is then dried at ambient temperature and pyrolised at approximately 750°C
under an inert atmosphere. The dried coating has a thickness of approximately 50 microns and
a porosity of approximately 50%. Finally, the rod 4 is cut fo yield several cylindrical heat
sources for incorporation into heated cigareties.

Example 2

A feedstock and coating compound are prepared as described above. As shown in
Figure 2, the carbonaceous dough 2 is extruded in the direction of the arrows through a die 6
having an identical construction to that shown in Figure 1 and described above. However,
unlike in Example 1, there is no reservoir of the coating compound and instead, the fiow of the
coating compound 16 is controlled so that a coating layer 22 is formed on the inner surface of
the longitudinal air flow channel as soon the extruded cylinder 4 leaves the end of the mandrel
10. Unlike in Example 1, in which the volume of the coating compound supplied to the reservoir
is controlled, in the process of Example 2, the pressure of the coating compound is controlied in
order to achieve a stable process. The pressure should be kept stable to within few percent, to
avoid disruption of the coating layer. The thickness of the coating layer 22 may be aitered
through variation of the pressure o change the flow rate of the coating compound 16.



airing the suspension prior to step (b). 4.A process according to any preceding claim wherein the
thickness of the coating layer is controlled through the control of the flow rate of the coating compound
through the feed passageway in step (b). 5.A process according to any preceding claim wherein the
flow rate of the coating compound through the feeid passageway is controlled such that the coating
layer is formed immediately adjacent the end of the mandrel. 6.A process according to any of claims 1
to4 whereirbtlbglﬂlgw of the coating compound through the feed passageway in the mandrel is
controlled so as to form a reservoir of the coating compound in the portion of the air flow channel
immediately adjacent the end of the mandrel and wherein the coating layer forms downstream of the
reservoir. 14 7. ARspseesioatiopmayciveielim @infdiraneoperaten e wsevoireadasured and
the flow ratespbitheyceatiig compernddseontolieg ia asagiiusinnamtamiherasrsyakigngmpstantially

the same papligelafiveLofhereliialdhe MABHTR! 5. LB1RARS2 BSERISIRGdP aRLareaRging claim

for producing a heat Source having a plurality of longitudinal air flow channels, wherein the die used in
step (a) comPPRESS SHiREs BRAEPRRTrality of mandrels mounted therein, each mandrel forming one
of the longitudinal @) fldwwroharime syliiritap frect ssw@ace drdrdrteictadhzBoartbereirethe materisurfaces of

two or moredprgiiidingl adnilPeihaniepiarRisoy Srardrdiha FREIINGlaeaBrvherginsiep (b)

comprises feﬁding a f|(L1]id coating compound into the two or more longitudinal air flow channels through
cnannet; an . . .
feed passageways’ extending through the mandrels forming the two or more channels, wherein the

coating compoundivet§RRkise Fdeikcorting aprfranneHanfrIsereyelRcophilfgeinBosoeiitmgahyer on the
inner surfacecaieachnaistioxnehansielyasdbiagciinosnmoartiolsois extradgtla feed passageway

extending longitudinally through the mandrel and having an outlet in the end thereof,
wherein the coating compound wets the inner surface of the air flow channel as a result of
forces of adhesion between the coating compound and the inner surface, thereby forming
the coating layer as the cylindrical heat source is exiruded.

2. A process according to claim 1 wherein the coating compound is a suspension

confaining ceramic particles.

3. A process according to claim 2 wherein the process further comprises the step of de-
airing the suspension prior {o step (b).

4. A process according to any preceding claim wherein the thickness of the coating
layer is controlled through the control of the flow rate of the coating compound through the
feed passageway in step (b).

5 A proceés according to any preceding claim wherein the flow rate of the coating
compound through the feed passageway is controlled such that the coating layer is formed

immediately adjacent the end of the mandrel.

6. A process according fo any of claims 1 to 4 wherein the flow of the coating
compound through the feed passageway in the mandrel is controlled so as to form a
reservoir of the coating compound in the portion of the air flow channe! immediately
adjacent the end of the mandrel and wherein the coating layer forms downstream of the

reservoir.



10. A process according to any preceding claim wherein a coating layer having a thickness of between
10 microns and 100 microns is formed in step (b). 11. A process according to any preceding claim
further comprising the step of drying the heat source formed in step (b). 12. A process according to
any preceding claim further comprising the step of heating the heat source formed in step (b) to a
temperature_of at least 750C. 13. A process according to any preceding claim wherein the feed

passag ewa37 extéﬂhafgfﬁfﬁ@ﬁﬁofﬂlé‘%%?@%ﬁwé'%%HWEPos’t’on of the reservoir is measured and

the fiow rate of the coating compound is controlled in order to maintain the reservgir in

substantially the same position relative to the end of the mandral.

8. A process according to any preceding claim for producing a heat source having a
plurality of longitudinal air flow channels, wherein the die used in step (a) comprises an
orifice with a plurality of mandrels mounted therein, each mandrel forming one of the

longitudinal air flow channels.

9. A process according to claim 8 wherein the inner surfaces of two or more longitudinal
air flow channels are covered with a coating layer and wherein step (b) comprises feeding
a fluid coating compound into the two or more longitudinal air flow channels through feed
passageways extending through the mandrels forming the two or more channels, wherein
the coating compound wets the surfaces of the air flow channels thereby forming the
coating layer on the inner surface of each air fiow channel as the cylindrical article is

exiruded.

10. A process according to any preceding claim wherein a coating layer having a

thickness of between 10 microns and 100 microns is formed in step (b).

11.. A process according {o any preceding claim further comprising the step of drying the

heat source formed in step (b).

12. A process according to any preceding claim further comprising the step of heating

the heat source formed in step (b) to a temperature of at least 750°C.

13. A process according to any preceding claim wherein the feed passageway extends

through the centre of the mandrel.



