27 APR 2006 1 METHOD AND DEVICE FOR PRE-EXPANDING
THERMOPLASTIC MICROSPHERES The present invention relates to a
method and an expansion device for preparing 5 expanded thern@plngms
microspheres. Thermally expandable;microspheres are known in the art

and described in detail in, for example, US Patent No. 3615972, EP
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incorpora &d By reference. In"such microspheres, a prope ant’is
encapsulated within a thermoplastic shell. Upon heating, the propellant 10

evamre&eéeﬂnﬁxeaﬁieﬁheiamerﬁaé RiegRIy anatdne gns dimreassher Meflaring
resuftl%%ln sgnlf cant expansion of the microspheres, normally

EXP%P d%%%ﬁ”f'%o% *BhEEheir diameter. Thermoplastic microspheres
can beensedyiexpaiviablapplicasionees aradsearmdisdther gt @k paactizkd in detail

in, fgrxéiiﬁFH R OURPPUESHONG [A6SXBARUER MEUGSR NEFCSEESaTo MG ERSels7 151,

resms like onester for dry spheres, and water based application
Wh'%'y BFHEIFIKS pgﬁFﬁ f/ora'iﬁ/e%ﬁﬁe‘?@e‘?uhyeiﬁ%'éﬂﬁ%f theMRDplaiigspheres, a
propaligrosiphenespmaytthavithiprebttermuoithstigglosietation deeathagihthbighesellant

-evaqﬁ%@r% fchEges eﬂwg’rnf%é' n%’f‘i;?r%ék‘ﬂf??'”a’f‘%ﬂéb' 8%@"&%&“‘%’#@'9}1 softers,

ermoplastic | w |ch results from the expansion. Thereis a heed
resuliing i5VaERRM SFRASAT ant@@(ﬁﬂ'ﬁ@éﬁ"@é@'ﬁcé‘ﬂﬁmih’pfa@mgaéﬁﬁhﬁdédab0Ut 5
ﬁmemgmmigr microspheres where the degree of expansion can be
confrolled in order to hav os ibility to provide diffe ent densities of
S s Rl

o R YA ARl e 2, nexpanded
or Pl@xpmandadjénamNﬂmmmﬁmlmﬁmmeﬂasndedlmmmwm&Wﬂ:hoIlseent based

resiri MR ILERIURES é«eecanwwé‘-téafbseea%aﬁefﬁlxmépeﬂéwﬁe%t for

whlch is 5 easily used by the'end-users, at the place where expanded
wet pRREEheres are to be used, thereby saving transport volumes and
costBulE ReRpansicy MISB@S@J@&T@WCﬁGDWWrm kebexmnﬂ@}:blems with

agglg}ﬁ}epé?ghaaé% tialﬁ‘foﬁp JF %’e\% at ?Iﬁ %?QES IPor %h §§%?o |n combmation

conveyor b he process wo & owe es up considerable spac
with 4hel toiachaimepeelicshstnkiieh 3esuts Framnthe EPaE004 7 beig L}ea need for

prov%ﬂ@né Nﬁet@@&l?aﬁ@gaﬂeé%@%mtagﬁééofoﬁwmg @@W%‘émoplaetlc
re mlcr phe re mixed with a_surface barrier c atin

i TSI N B BAITrg S RIS e THSURE S pRELEciingeve the

possamhtysmctpra\ectaldJﬁsreetWIa@Imamm’reaﬁmurﬂscﬂhe|pmbﬂr¢es'ﬁieﬁ%is also a need

for acﬂ%lfﬂgd hi &?%%Sér@fé‘%‘é‘ﬁéé”fo?% F&”H}!?g”}?eﬂﬁgﬁ?ﬁsf?é ﬁﬁ%@ﬁ'r?é}&f which

the microspheres. 35 It Is an object of the present invention to provide a

s S'H%Blﬁ@d‘%frﬁ?élﬂﬁﬁrr‘d“@kﬁﬁﬁ%d"’t’ﬁ&‘?ﬁépﬁﬁﬁaﬁ%%@pﬁ@?@@r\ﬁ?{%h%vﬂ@m s

easilyasedmpinaleaduipsrenii ibiglcgiverrsisipamial ictepdielemsrsvaitts used,
lves mlnlrpéjnng of a\%lomeratl n v¥here the degree of expansion of the

ther FICTG Sa\” '6S Can be more erésfy eontrolled than before, and

EP 0 348 372 discloses a process for preparation of expanded thermoplastic
microspheres where the expansion takes place on a conveyor belt. The process works
well but takes up considerable space and is comparatively expensive.

US Patent No. 4,722,943 and US Patent No. 5,342,689 describe methods for
expanding microspheres where microspheres are mixed with a surface barrier coating to
prevent agglomeration during a drying step. However, the amount of processing aid, such
as talc, is very high which affects the possibiiities of fast cooling. This causes difficulties in
controlling the degree of expansion of the microspheres. |

it is an object of the present invention to provide a method of preparing
expanded thermoplastic microspheres, which can be made in small equipment, which
gives minimum of dust problems, which gives minimum of agglomeration, where the

degree of expansion of the microspheres can be more easily controlied than before, and
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2 7 APR 2006 2 which also gives a possibility to continuously producing a
product of expanded microspheres having a narrow density distribution. It
is a further object of the present invention to provide an expansion @éviéeRr 2006
for preparing expanded thermoplastic microspheres, suitable for the =
above-mentioned method. 5 Accordi2g to the invention it has surprisingly
whldae@rrstptmgm acrpifeyﬁﬁm@ahpvaammwdpa&ﬁ@@adoyaa metmad andexPanded
ansion device for pre nde stic micros
meﬁ1h 3, ae c%r%l?n \{\P%he%r% e%altgﬁ g%mprlseg c? éﬁglng{) grma F present
mveebkgwanuameomogphmmﬁ@rand@xmﬁ@n @een@ém)nqman@enbtmmgwoplastnc

mlcrﬁ%%qms%%ﬁ@@g%ﬁmsg&)é SnBRlioNL L AsMnBAd One or more scrapers

wherein the scrapers 10 prevent layers of microspheres being built-up
the SESRFESHIE Fcé”YFa%@BdFu%ﬁtﬁ\érpﬁﬁ?(i?aéfplﬁ%?@sf?Hf%&h 3feve "the above
mentispafsiedrevice whﬂ&thorewldgaheemmrmtwemahmmmrth@e@(panded

then%é%%@?'@ hig ?Hgyees e‘r‘ﬁ& rr?lg dag&%(fg @%Q‘W@I& BEPEC%G‘E?I cParglng

Oor more scrapers are suita posmone tween the outer r
ther%'!@@ﬁgdﬁm%wcmfﬁﬁéeﬁwﬁé@ §nm@wmedﬁwm%aysmaéotatmg feeding

meaﬁ%S@HmJ@Qﬂm s hodhe SPaASIAN rhbré drmHis SUKRBMEIN the scrapers
tantlaII er endicular to thebu(?tatlon al movement of he fee

prev ge':Fhe |n\'/Ceﬁt°' Bnefur%h ncepﬁié3 an &aﬁ%%ﬁ qevice e B fraergé) ﬁ%f' g the
mucrexplaer@edtmghomlasempmempﬂwe@ woiepiisirepsitatdhte ferppéngture of the
micrieARR_NYeleRRID A Aliow 1hadYs anth QRE. AL BIALSHICTRARSIR ARLIONBEL one

o NAiS N R~

between the outer radius of the feedln 20 means and the inner surface

or Wﬁﬁcfﬁﬂﬁfﬁ/%&i}“tﬁ%’ rﬂ%?ﬁ@&%ﬁ%%%ﬁﬁﬁﬂﬁﬂ@ﬁw AldiFdzeging means
and mtﬁmwmodmﬁbﬁ MIlewﬂmujredeemmm@mmmgrdspbﬂmsn The epansion

dew% " %Slf%%ﬁ tgrrlt‘?a é% Pr?eﬁcy ul%f S e gfetlrllé feeding

Sitab y mai poly IC'materia pre erably a heat-resistant
meapsglymeric materlal The 25 polymeric material is preferably a fluoroplastic

mhatani@ | iﬁU@Hti@hﬁ Fﬁ]_rFTEar %V%%%Oé%sﬁﬁhémyfﬂ@fifbmﬁéﬁﬂﬁ &sanded
ther astic, t meltin otnI of t eric material is sujtab

ther S A U 200 e A IS0 VAL SN At IRCRR e holow
bodycempemareratiessispeatiyrin pesitasedvitietveanribe sutkrceadiuhehdievieeding
meaﬁg%dﬂhg PREURLE ggﬁé}ﬁgﬁ&p%@{y have certain flexibility so 30 that

the one or more scrapers, when presseéd against the inner surface of the

holloW®da5theAI Brvitie aﬁﬁ@?ﬁ%@htaewrs@nﬁ@% fiee BnECOLIAMGHS RiRghien ©
expanitthpenneplastiaatcobprefsliow body The hollow body is suitably

provided with ope.ar mere eajets, el palersre sullabiiackel soere. arers
heaters. 1 he fee INg means itselt is asos aby provi ded wit

swtaﬁer@ﬁ@mfrg.ppih@lﬁ@rmtyr@kp@rﬁfmtéyrﬁ@ﬁ%ﬁﬁéﬁé@m@o&mamwatenal The
polyHRIREPRIERGAP heiisizely a fluoroplastic material, such as PTFE, PVDF, PFA or

FEP. If the polymeric material is a thermoplastic, the melting point of the polymeric
material is suitably above about 200°C, preferably above 250°C.

Preferably, the one or more scrapers are at least parily in contact with the inner
surface of the holiow bedy. The one or more scrapers suitably have certain fiexibility so
that the one or more scrapers, when pressed against the inner surface of the hollow
body, will provide a tight contact between the one or more scrapers and the inner surface
of the hollow body.

The hollow body is suitably provided with one or more heaters. The heaters are
suitably jacket heaters. The feeding means itself is also suitably provided with one or
more heaters.

The thermally expandable microscheres are suitably transported to the inlet of
the expansion device by using a screw feeder, which can be provided with heaters.
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the expansion device by using a screw feeder, which can be provided with
heaters. 2 7 APR 2D06 3 The thermally expandable microspheres are
. suitably pre-mixed, before entering the expansion device, with a filley APR 2006
preventing agglomeration of the microspheres. The filler is swtably In the
form of fine particles having a particlé diameter range from about 1.108 to
abolhg 168malpefeeabbieomicbspheresiactswiabin Bredvixad, Beforplasering
the SiJUIRRP @é@lé@or\gﬁ\’?'s ?ﬂ@?p&‘éogﬁ’tﬁ% g@ﬁ)rﬁ&l%‘&m%\‘ RAWHGErospheres. The

magnesium car bonate, magnesium F ates magneS|um hydI’OXIde

fi "eré%@fﬂﬁelyda@lﬁnﬁo&@rﬁaﬂa%pea\@ amu&ﬁrm Hicle AlaMmAten [RgR et 2bout

110" ka@hmamoo oridpssfremipxXidesatitaniunddxideboatudnioitim. @ﬂdﬁﬁb%@cbf fillers

are (SFGAIE S B ANAE, LU e T P RS RIS Y Bt
ne minera res an genera reln res W onite,

magnﬁagpar@hq@ménme@aagl@armq@@éﬁﬁegolﬁ@mtﬁemglmmmrzcalcxum

pnos@lﬂd@gradamﬁ aftS@a B IR CRMEH RS BRANBA WSRIbLSRERIBNY oxide,
poI mers W|th icient high softenin em erature, and cellulose,

P APH N B R S RS Bt s rs iR spheres,
ﬂy ashe filkersend, srmmrabf(tniessanh\ gsr@mibfrrejrﬁ&rdmgﬁ’méélewnﬁaytbmt&s&ldsrpars

dlatortﬁa@égﬁsf%réﬂﬁ)rﬂ)teg}ﬂﬂé?ev%%?c‘ﬁm&é@amlémdgu%@taway ?'rrér%ﬁgegptﬁeres Also

increase the 15 agglomérate preventing effect. One way of surface

OrgapigaFRHRA A MY dFnERE N STRERMNOBRY TTRE Wity A %%ﬁe@gméof@”mg
tempﬂ@f@@twr@%eﬁmm@w@g ﬂaumwlrbbuem@cwwbmtﬂ&égl@hjygfmpnute fibres.

Prefera %0 1 ab P&o%jlﬁ@ee%gjg}} g/sfrq ﬁd‘gom most xﬁleror%ta 1b%a lﬂesvec!1 in its

moré{ preefera fiSma preferaoly from
pureatsson a2 maazbbat §u5ape ﬁﬁ@tﬁﬂétlﬁbélﬁﬁr@'tﬁe\'\@;!(paﬁméﬁdéé\/ﬁ@emcrease the

aggl&rﬁ%%fgnlgr%lélﬂﬁdﬁw@ﬁﬁ@n EHe hﬁhalﬁls%ﬁ] @fﬁ@é@kg‘é}[ﬂgﬂgn@f oﬂélﬁe*p%ngd?‘%ke it
rm p astic microspner as those markete under

YRR B NRREITC SORR R 17 BT RS RAch RSB G B afer i
usedsiel isrsadiediofropadiponers: 60D tp alyone 10 bieiesdiity Hyopobboetizibop to about
11, LA ADABOISEIY U BRteT AR AR SHLE Mol from about

containing monomers such as acrylo nitrile, 25 methacrylo nitrile,
1:25 JocsrbdcPylo nitriie, a-ethoxyacrylo nitrile, fumaro nitriie, croto nitriie,

acryhﬁeeﬁf@tmawm Aserarayieic /R Ritvdaa ttatRe nmemﬂmyb@ estersed for
all kESgh A5yl @e‘*éagxé}h%r#ﬁé’bl%rs%% methagrylate or i 0se marketed
\A{Hacry ate vm?laﬂa? €s such as vinyl CRIGF €, V|r1yFHene ﬁa 5§ JURR

undea§hﬁn§vad@m@r6hﬁxﬁaeceﬁ®yﬁpm@iﬁenmmﬁp@§r@ss rsaghhaxevintfieiowelkstic shell
mad§tYF§He§ﬁ%Q@5&tW&B€IM%%ﬁ'@ﬁ%’rﬁiﬂe‘r%%ﬂiﬂg LEhEEO®tRflenically

30 dienes such as butadiene |soPrene and chloroprene. Any mixtures of

USRI, TR AL BrTo B A e SRS B O R By S e Ay Bt

metrmwabiernbahtbmomea@memrier metp@kyawmsheih@smmmﬁﬁme croto nitriie,
crasslinkin multlfu {iw%\? onomer as one or

c
e e A S R R LR - L et

metrmw@m)a@gnateyltmﬁménéa@y@ble&whmﬁmw@ﬁe pﬂopw@ﬁ@@m@m@s vinyl
chIor‘?ﬂ@“@ﬁ%@@éﬁ@?@ah@lé’s%@ﬂﬁg'Qirﬁlmﬁﬁ@mﬁl?éewhﬁ Bexanediahyl esters such

di(meth)acrylate
as vinyl acetate, styrenes such as styrene, halogenated styrenes or a-methy! styrene, or

dienes such as butadiene, isoprene and chloroprene. Any mixtures of the above
mentioned monomers may also be used. It may sometimes be desirable that the
monomers for the polymer shell also comprise crosslinking multifunctional monomers,
such as one or more of divinyl benzene, ethylene glycol di(meth)acrylate, diethylene
glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, propylene glycol
di(meth)acrylate, 1,4-butanediol di(meth)acryiate, 1,8-hexanediol di(meth)acrylate,
glycerol  di(meth)acrylate, 1,3-butanediol  di(meth)acrylate, neopentyl g_choI
di{meth)acrylate, 1,10-decanediol di(meth)acrylate, pentaerythritol tri(meth)acrylate,
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glycerol di(meth)acrylate, 1,3-butanediol di(meth)acrylate, neopenty!

glycol di(meth)acrylate, 1,10-decanediol di(meth)acrylate, pentaerythritol
- tri(lmeth)acrylate, 2 7 APR 2006 4 pentaerythritol tetra(meth)acrylat@,7 APR 2006

pentaerythrltol hexa(met h)acrylate, %methylol trlcyclodecane

pertaE BT lol FOBLRE DRFRA oy R RLIR o AR R e, ety

tncyctubelmnedldl rdﬁém)tahl))aarwatmﬂﬂ@r#@ﬂ)o mll(mmmmyjéme I%H';G #A6thacrylate,

trxmet”%?t% pylate éﬁ%@%ﬁ&lgtg'(ntm ¥latBrak Aty llqril;gﬁgzlt}écmtnbutanedlol

monoacry ate tria or triallyl is r%anate trial anurate

dl(mqm?éﬁéﬁte»sﬁé%mrﬂﬂwmm% Fo g c@ﬁ@ﬂuht)é%ﬁﬁeaﬁéﬁ #600

dt(mthl)é@r@@eutsla\aﬁ%yramlpeeteﬁa&twa‘é%@b%&ﬁ mm%@tﬁaw%s@&yanate
e total amou fmon mers for the polymer shell. Pref rg

G N e S e e S S

aboufror &bebeR51tavtlbomEs wwffembthérmnaabp@trﬁ@mm’m@ O hevt% of the total

amolPRRS ABR IR ReraFRNSIG R PeHRIZ B S diauid tﬂ%VH&%%QPEm constitutes from

temperature not higher than the softening temperature of the
abou} R i SRR IRoNifhe APRIIPTRIRI RO BRI AL UL 4 2 dR P éﬁ;wtr{'g bt total

micra@pf@asing agent, can be hydrocarbons such as n-pentane, isopentane,

ne e, |l
e e B R BRSNS - RO RRE B e mperature
not t@ﬂt@rh%rbéaﬁoéﬁﬁ%ée damegsatie L@’eéh%dbﬁrwalﬁafetﬂﬁ\@ﬂﬁér?ﬁﬁ@ The

prop&fiRfiRAis ¢ AltUBENGRANE ¥gERasPRIAM B A ast e WeChiektsiarbons such as

thylene chloride, dichl hane, d thyl trichl th
A BT eSO A ERE SRR g A ety e

heptanekisshgpteos abtamesats dAbmoatamenerighixia s theramtrémh@tberzﬂy@marbon
typedeEReAldre 8t which iexpansianielihedmicrospheras itk SF"”ﬁ%rma’ted

Tstarts while the temperature at which maximum expansion is reached is

hydrecarearfmaeh&h MERYMAHIE aTEMYIERRUFBI IR aSiChiRER ofthaRep&lichioro
ethylepiguigchlhe Etaemallytiekran @mb}eﬂmmmﬁwnemasmsadtmﬂw geeTeet propellant

n S f Qut
SUItaHP/e?fre%al? r% BIB cf?ﬁmiggut 4§ t!é)% éJl(JPt y %gst@e%er %} %rgn%about 60 to
abouh%emmatwrﬁe mewm@myt@&mﬁeam@wnqtﬁbgpm@sgawm%éts is called
Totarts Mﬁenﬁéﬂwﬁm@h@@wmvm@(Fma%@tﬂéﬁgﬁbab@uéét@n@aab@uné@&% both

cte BERGR S05EPARILBIGERSE (Tt AUaE Bt L% GPATY Sxpandasie
micrabeinetalyuese anthebbee seitr tsehé cass wiatdyr diengete Theintéativabest 20 to about
200° é“'ﬁ?@ﬂé&é@%%ﬂ?%%d?&%%é&ﬁ PEBe QI TBr AR grt‘rcﬁﬁ%‘t%ﬁttgo to about

about most preferably from about 5 to about 50 pm. By heating

150°G. te’ﬁ%é?&ﬂ]?@' '&WW?F iTHCIRSRABIRR pissible tBeeRb%??dttH%\'entlon Suﬂably
haveraifisphews Hosotabmis abt@tmkzoutd ibrefsraplefesabbbsom abesibdda 250°C,

mostdptgg etrgb rgr%sr‘-h ggelr df%‘nt%tg Edii)eesny of the microspheres
IS contro Ied by C oosmg a Suitable

The volume weighted average particle size of the thermally expandable
microspheres, according to the invention, is suitably from about 1 to about 500 um,
preferably from about 3 to about 100 um, most preferably from about 5 to about 50 pm.
By heating to a temperature above Ty, it is normally possible to expand the
microspheres from about 2 to about 7 times, preferably from about 4 to about 7 times,
their diameter.

The density of the microspheres discharged is controlled by choosing a suitable
heating temperature and/or length of time during which the microspheres are present in
the expansion device. The temperature in the expansion device is suitably above Tsin,
preferably 5 to 150°C above Tqan, most preferably 20 to 50°C above Tg.r. The average
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35 heating temperature and/or length of time during which the

microspheres are present in the expansion device. The temperature in

the expansion device is suitably above TsWrt, preferably 5to 15027 APR 2006
above TSth , most preferably 20 to 50C above Tstan. The average 2 7

APR 20D6 5 residence time of the microspheres in the expansion device

resigdaRGRE A ¥ S HBRSP PBIS S SRETERRBR SIS ek iSL B 2B8Ht 2 about 200
s, pretiapy feshiy fimCalosicd 100eh oo &bee Braiblyvesrantb sy 3hesrativt 90 s.

exPaadiPIE OUROSHIISR S he i e Meliad. SERUCIIO R metnoc

Invention. However, the met according to |.nvent|on I_S especia
acowwalléofmetwéfﬁmW eipwavebibermetshacesraingrig thioinvsat@viraspecially

su|§HF@*?JVHBFh‘I£‘W@§;U¥n@éB@%&ﬁﬂ@rﬂ%lﬁﬁ@fﬁ‘@ Baym HENESRIGR. Suitably, the
content of m(g%g than about 50 We [ggl)era%éﬂmore han about 80

thefaghR N Eré?&(&ﬁﬂ?ﬁﬁ%?é“ﬁ\’ £9b.or B about 50
weigitatorpafiehable edong theranbdst ﬁﬁim{blgﬁtc%n afustitpteferabiyun2BOtHED about 97
welgRt A preferably from about 5 to about 90 r.p.m., most preferably from

about 40 to about 80 r.p.m. The one or more scrapers are suitably

mountfd Gened Fetatipny %%@%Bg J0RERY 'S RdtRPRa dRIN AR dtenabout 100
r.p.eulerefedilsydfdhedeadisgoneansdowarnes, thednpesfesaiadeef dbehelow about
8 I%B . Furthermore, the one or more scrapers suitably extend 15

ongitudinally in the feeding direction. The one or more scrapers are
suitaBlyeneneid serehearane scrap crditahbh e @inteeophbihaties dsteestgans and

suiféHI@@%:fB‘ F&B’?lﬂ,bﬁégﬁh&bﬁ@d@uielqu%ﬁlfﬁﬂh%|%§ﬂhl§“1ﬂ§|a|@§g$h@2d@&\e inner
ner surrac 1 0 erera from about to about

S S The ool aohs RS ahen s o T ST S SY gy extenc
londitffidiearityi itdihiel fiee dergydireFtiore Xamples thrererasctaperceralsniaiop wounted so
thaPffR QEEINR |QMShe Ocs GHaRsRRBi AREH ANEHRLIMALErSBRI SEFRRR ShdLRef %aQBbut 100

,, One or two scrapers effecting a scraping of from about 70 to about 100
% ittt tpRGHLInMAPIGHY A BieiRd iRy B AEGI IR t?é%&?ré%éra’m about
10 tog@der\oiive] teost pf@@aﬂwrartoabowap&f%BH@wﬂg/oaTﬁ@rwageaé can be of

0 % of th on |tud|nal Ien e inper surface
diff re%m%%"ﬁow boo%gj Lf-loégt exam hereg gm dn#] h'of gne F%}ore long

)
If'too man{} ?C)n Sscrap érs are use ereisaris

SCrERfgiIARLPDS ATICNOEPIFHRIS Wﬂ@ﬁﬁfﬂwepﬁf@wb'éfspmﬁawwmé%éw gitaeting a
scr%iﬁ&oﬁéﬂﬁ@ygmeéqeﬁboﬁ He %@Rﬁé’slé‘i@\ﬁ@#ﬂqgﬁﬁb@fﬁm tAASt surface of
e aependi no ess ameters su a imension of
o e R M L A o el
scrapisgrmtficaseddor B angileuh @bt tradi s git adidediditigthtof the inner surface of
the THGH BWBGEQS ff 39 Fﬁ%ggjgﬂa&béc%%gr? BROYELAOnihe SCTanRLR %fffe&BSgng of

scraping of from about out 60 % of the Iongltudlnal length of th
m'qm%@f“%rﬁawm the FORVWASBEG Y dtkur seisus PHsn &wp@ia?%gpﬁ iength of

therstrapent agsladjlitridte bictios pligtesicibio aepoadint: 80 tthabprickss ph@ameters
0
such S %g%eﬁ%ect g&agom)gpgltlggrrln t\)/?clg 5rce)1tteoo (?clajtta 89 /r?mc];ors]phere type, filler
ongltu ina
content etc. _
In some cases, for example at weight ratios of added filler to microspheres of

from about 1:100 to about 1:10, the scrapers effect a scraping of from about 20 to about

B0 % of the longitudinal length of the inner surface of the hollow body. In other cases, for

example at weight ratios of added filler to microspheres of from about 1:10 to about 1:3,
the scrapers effect a scraping of from about 50 to about 100 % of the longitudinal length
of the inner surface of the hollow body.

The number of scrapers mounted on the feeding means .is suitably from 1 to &,
preferably from 2 to 4.
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of the inner surface of the hollow body. 35 The number of scrapers

mounted on the feeding means is suitably from 1 to 6, preferably from 2

to 4.2 7 APR 2005 6 The scraping movement can be made at a@’f%ﬁfmnﬁ
the inner surface of the hollow body. Suitably, the one or more scrape

are mounted on the feeding means Starting at the inlet side of the
expahsisardevigenouenentrcahebenegsengednynicro sphtive draer sddiede of the

hollo@NBcRXteBH Neisdr ok AR eé@r%?@r@@@%’&ﬂ%@%hetﬁée%ng means

invention, the féeding means is in the _form of a screw. The screw has

startiggitblyepiteitto kemetethatieRaNSIra i 05 fo 406 1158 unexpanded
micrddistierablyré attabostideldetnimaate®orhhe pitch of the screw is suitably

lower at the begjnni f the screw, |. he.inlet,.t the end of .
e Ce o S R A B e o Bty S QL Eane s i he
form Aft@rsateelyThikespim ban - patabyreieitding fiamsirsteaticepb fomtiehiooh@.05 to

abouPArBOR R theRerevhascdifesery piehitioan AnoRRPertiAR QEIBR is suitably
screw. In another preferred embodiment of }hte venttlon,the f_eedlng Th
owet AHE FERTBSHT DO oF oo Bt SR W RUEIG HospEw The

pitohceamralbeogmqruwlspamm@ gungbtyfarwr&yedkhemativbmr pnejegited can be
increB0al5 ﬁh%@?éf@%ﬁ‘é%sﬁe&&' 'ﬂ%tdgﬁﬁtMIérPcﬁ the ShrePhRECLLERRYEOBlch than

about 10 to about 60. By the method and an expansion device according
anothgReHAERHR, SHedasier way of expanding thermally expandable

micipspittres isrefavideshibogimagt sonate equiptiventiandetiigifgeans is in the
transport costs of expand ICros es. The degree of expansion of
form A RIS R AR RIS AF S T T hes are
suitablysetiphigedctatibad thainsiFrierancts éw Laaethihsdiesemcotinestipredeht< o <
00°, FERNEBN NbRrebbiie deesikburgsns is a screw. Figure 2 shows feeding
meﬁnys Eein %scr&w-tyge, and figure, 3 shows feeding means being of .
a paidiB&yPets BBt REHEERRBo e&ﬁ%é’%ﬁ%ﬂﬂiﬂ%éﬁgﬁr@‘i‘?&HSWS hSasier
way ewﬁ@cﬁan@MmfﬁmmmmkmtéemW immﬁptmstiuaguiring small
equifRIERSERE SRRV PRRS P BRI YR daich IR A RPNl ree of

rough a filter 3. Thereafter, the microspheres are being fed into a first

expageiRMOfBB 4P 4T SBPAREPE SAS R B AFFIRRSE TP USHHIRI P BESice 6

comprising heating means 7, and a screw 8 with mounted scrapers 9.
The inlet 5 is provided with a vibrator 19 'a_lmd the. screw is suitably
ief description of the drawings ! .
connected to a motor IT. re suitably discharged
throbigivren loahlews2aprevickdingti afvibeatiesstandestirabiheiritpéae feeding
meaf¥V@Ya screw. Figure 2 shows feeding means being of a screw-type, and figure 3

shows feeding means being of a paddie-type.

Detailed description of the drawings
Figure 1 shows an embodiment of the method where the unexpanded

thermoplastic microspheres are pumped from a storage tank 1 into a silo 2 and filtered
through a filter 3. Thereafter, the microspheres are being fed into a ﬁrét screw feeder 4
and transported to an iniet 5 of an expansion device 6 comprising heating means 7, and a
screw 8 with mounted scrapers 9. The inlet 5 is provided with a vibrator 10 and the screw
is suitably connected to a motor 11. Expanded microspheres are suitably discharged
through an outlet 12, provided with a vibrator 13, and suitably pumped away.

Figure 2 shows the screw 8 with a mounted scraper 9, and having the diameter
d. One portion A of the screw has a pitch p4 and another portion B of the screw has a
different pitch p,.



10

15

20

25

Figure 2 shows the screw 8 with a mounted scraper 9, and having the
diameter 35 d. One portion A of the screw has a pitch p, and another
portion B of the screw has a different pitch P2. 2 7 APR 2006 Figur28 APR 2006
shows an embodiment of the feeding means in the form of paddles 14

protruding from.a central core 15. Th paddles are rovided with scraper

16. E é%grﬁadéféowgsagneﬁ‘??gqg"Bea{gé)?n@etﬁ%eég i ﬁﬂ%&%?ﬁ Wér%o addles 14
Prgadﬂlr@flmy haﬁ@tﬁsffetrem ‘lﬁf}gT@@ﬁld@SeecﬁnrmwéwaJeddw 18. Each
pa%g%r%.gé GRS HIUEING B %\émnfégaifgcjdoﬁ. B‘rﬁepgﬂeégﬁd?émﬁ R ¢2GBifferent

invention will now further be described in connection with the followin
A Ap e FREHC BRRUE ASSTERRP ol 54 T TRer i ImitBoIR Icipse 7

of the invention. 10 Examples Example 1: An expansion device

comprising a hollow body according to the present invention having a

screw el rabiiesneesreidmeerdigpantiingwHethep kesdesesbeshimbtanection
wimsim@smh@mﬁg Té&aﬁg@y\;‘m&%m@@mﬁtwﬁj@aﬁ@ﬁrﬁﬁééﬂnésTlh*ﬁming the

S into three sections of equal length each having a

Scéﬁ“?e%ﬁ}\/&s@r\gvpé{%ﬁéh which is 40, 50 and 60 mm, starting at the inlet. The

screw-has 4 scrapers mounted of which one has a length corresponding

to 90% of the length of the inner sUEi&5PKShe hollow body, and the three
Ex@liaplestrapers each have a length corresponding to 25% of the same.

The rojgtional spesd ofe serewis &t Py Miciospheres ot e PG 20; ecen

Expancel(?)xﬂ%q BU having a voﬁjme%velgﬁfeg average partic e<ize of 12P
inyaniomiayinGtan serggCasndetaing M830€, Ik predniiasdexnanding thermoplastic
exB!Hé%B@H?cﬁ!%ﬂ@_r@é‘?%% 'E‘c?e_!?@"_@“.@ib@%Hﬁf&'ﬁ@)éﬁ‘éﬂ&hﬁmr‘ﬁé@épb%eﬁm. The

and 15 parts by weight silicon dioxide. Then the microsphere-mixture is ]
SCERY g MRF UL KB ARST5AIQ8%i 05 SPHE' rESRIBrRRCInha digHR difterent screw pitch
whiticliesfhe38amitB8 expansidingevitheis@d. Slizbsbiekg frroexpapded mounted of

. : e | O
Wi ORGSR i LR e £ 08 0% DR M ST Y e of he
holowidxpd SnprisatineceRingr GetrRess rRapmBarAdRRSIh s TRAnpinging 25% of
th@hﬁer@aia.gTh@rwwﬁfp%@abl%moga@?ag ierlp @@.mxmmﬁ@m:%%{&he type
comprisi f Ing.reeding means , envelope a NOIo 0] .
AR A N B & LTE A a0 SRR D BT RAE B Bl Eehaving Taun
= BelgandilTun i tHE Expansibmiedivéthshjdsmasessiicaslivuidg in a relation 85
pdRouned onihe feedingdneans,(8,k4).and pasitonge: b@iﬂ’z‘!@ﬁ”&i&%ilo%tqfhen the

radius of the feeding means (8, 14) and the inner surface of the hollow
m‘%qﬂphere—mlx‘ture is charged into the expansion device. The residence time of the
microspheres in the expansion device is 60 s,
14 ka/h of expanded microspheres of even density can be discharged. There is

no significant agglomeration of microspheres in the screw.



transporting the microspheres through the expansion device while

increasing the temperature of the microspheres to achieve expansion

thereof, and discharging the 10 microspheres. 2. A method accordingtoypp 2006
claim 1, wherein said one or more scrapers extend radially beyond the

outer radius of the feeding means towards the inner surface of the hollow

body. 3. A method according to any one &f the claims 1-2, wherein said

one or more 15 scrapers, alone, or in &@#nation, effect a scraping of

from about 20Aonaiest 96 PrepiriHaedangitedittdiapgtatef thierospesres, comprising

surgﬂgf‘glgé t{?’%ereln O%%%éﬁﬂ?&?&%%%gcﬂ{g'gﬂ Q%;Qﬁ?&flége(s) compnsmg

claims e or two scrapers effects a scrapin from ab

70 T2B8 (RoEHS TSI Ry ROUFIRREFo Ry A N AFN P L B G Bpthecrapers
Holley pedsntmyl Ryersl strajeespbifeast bejogapiiljupfl fnotheabzrpanglonl Oevce, said

2%%%9%{93187%%6(?#&@{ Isngraldi méﬁ{siérfﬁﬁezﬁ’é %&lMMeMeen the
0] me accordi 0 an eo e clajms W

I < i R TBEATE o Wl 908 4R AR AL R (I Hlow bocy
inlétam@@ﬂmhé’vexp'awgmedw&éoaaa dhecrrinegsioaraiesiee avhilemingieesing the

aceeriergtireant naenqitididisdadd sol zhie gipasrishommeresinand @bcharging the
165 {%Q%g ol d:§ surface layer of said one or more scrapers, are/is made of
uorop astlc material. 7. A method according to any one of the claims

1 6, wherkin tAdTHIRFASERITTY 1SRl & WS BRSBIE ABFePh EE S(RRSES extend
A megiibiydbagond dhegdatermpdioe afttecfetdingsriednsvioaeeis tthe ferstisgrfafe of the
mMeNedHBEPVided with one or more heaters (7). 9. A method according to

any one ft %cla S, 1 8 w n the thewﬁllyI

mlcrospheres are gle AR lae ERtE Mg the exgansiéN HenSEmgne o more
1MlﬁF@Pﬁrl%rB{ﬂ@eﬁtllﬁg?@@elmaﬁMﬁtﬁ@%ﬂf&@éﬂ?@?@é@b%ﬁﬁ]éﬁ%ﬁ 95 % of

aceey dRgtiietnienGhwheeimtie diteseisaicaaiewssde. 35 11. A method

scoring 0 AU BTSSP SR o o

filler to microspheres is from a

125KRREIE AR ot irRIND A fPBTRPBIHIAR 1aaRREt 1A% Kt dheiloRgiudinal length of
thehen e resyiaael af b erhiotospibrete s rivaR doad dryragmslid e ffentte st cipmg e from about
20thad aPEP40ve Mk terdghuinBrthgh %ﬁw%‘& Qe %ﬂﬁ&wns\mms
1-12, Whgreln the {eeéjl eans Is In the F‘f asg:_g adAoneo or
method accordlng 0 any r one 9f the tIdims'L fv{/rﬂserem cedi 'g rmore

mé&f@%swm@mn%ﬁ@rﬂaedeﬁm GEC IS Ryl ptdtmm@ ﬁ'é?noé engrpansion
cqﬂg\;(izbé)anaﬁaxfbmcﬁ»@mmrdevice for preparing expanded thermoplastic

mlcrospl'g—;-resA method according to any one of the claims 1-5, wherein said one or more
25 scrapers, or a surface layer of said one or more scrapers, arefis made of a fluoroplastic
material.
7. A method according to any one of the claims 1-6, wherein the hollow body is
provided with one or more heaters (7).
8. A method according to any one of the claims 1-7, wherein the feeding
30 means is provided with one or more heaters (7).
8. A method according to any one of the claims 1-8, wherein the thermally
expandable microspheres are pre-mixed, before entering the expansion device (6), with a
filler preventing agglomeration of the microspheres.
10. A method according to claim 8, wherein the filler is silicon dioxide.
35 11. A method according to any one of the claims 9-10, wherein the weight ratio
added filler to microspheres is from about 1:100 to about 1:3.



comprising rotatable feeding means (8) enveloped by a hollow body and
one or more scrapers (9, 16), said scrapers (9, 16) being mounted on the
feeding means (8, 14) and 10 positioned between the outer radius 05 eAPR 2006
feeding means (8, 14) and the inner surface of the hollow body. 16.An
expansion device according to claim 15, wherein said one or more

scrapers are mounted on the feeding mesans and extend radially beyond

the outenzadius niaftiibe ieesttiggnieang tpeafdrd e el-syrideeedf the thermaily

hollgw:hedye TrcbEphtlee HRIE SIQR, IEME R ASAUSHRR AL RV -BB& §F Wight %.

claims 15-16, wherein said gne Or more scrapers, alone, o

) n . .
combination, SHEEPL ALY BERGH a%'t‘?u?fzﬁ‘?od%{%u}'éé ISt feeding
longjeatsriaindhg)ferofofiresmeri(®urface of the hollow body. 18. An
g£xpansian. deviceased siogdinpry sHjedvitioe BRitrinkb 1173, Witerein feefeeding

Or I, SCIAREES FRAIPASE %F&gp%é][gﬂﬂgﬁ’#ﬁrzh&fgr?J?E)QHdtc%W%?/Bo‘?E?38).

longitudinal 20 length of the inner surface of the hollow body and 2 to 4

scrapers ffect™s SHAAG SIS {GISEPABICABHTE GhpBeRiRstic microspheres
lonefitartiniableetgtblef erdingmesus fiiecobelopdtotinwe Hotioy. bbdy &nd one or more

eXRanRpEts (teVier ARLoEiperdQenE) B¥hgnbentdaiBhstdrddlingrears $8id4) and
t%%gﬁ Eﬁeacg&gp %Lélmsegfttﬂeﬂ?%g?r%dﬁ%ﬁg ?%nl%f ﬂHk‘HQ ﬂkgﬂgurface of
t extending thereir

on mar
100" B iBHY
inl tOS{I(lile o?e e 25 expansion device an om. 20. An

exERlaRRAke according to any, one of the claims 15-19, wherein said
one or Mére sérapransiga deviecadagringt kaitaimel br wisreiscyaigepse or more

ar@é&wgr@f@”ﬂweﬁlﬂgt@é@a@ﬂaﬁgkn&@miﬁﬂy BEYH#3A the outer radius
aceping, ,Hg%gnst%;*poeﬁak@méeﬁiaaggevvg\#‘%rghno.ﬁgs_ w38 ollow bocy I

provided withone or more heaters (7). n expansion device according
15t0 any ohe of MECKRENASM GeYse RAeraRHTERRRR) MRS S rdRiadgrein said

witbneree oroneover dpesiea(E).d23n Aoneindiosiozffeaacecapig dinfjcro abgut 20 to

on%ﬁ({b@ gdgﬁfe i&f@@dW&]%ﬁ@ig@_ﬁh@iﬁﬁ@g&,ﬁmrﬁ ﬁin&mfmy.or a

screw . An expansion device according to ne o claims
1522, whoro Yo A SR S RO G147 (1 one

(14 ﬁ‘VStﬁ?&?ﬁ@r?rSﬁ?Cés(%ﬁﬁaPieér%f f(fg).about 70 to about 100 % of the longitudinal

20 length of the inner surface of the hoilow body and 2 to 4 scrapers effect a scraping of
from about 10 to about 40 % of the longitudinal length of the inner surface of the holiow
body.

18.  An expansion device according to any one of the claims 15-18, wherein said
one or more scrapers are mounted to the feeding means starting at the inlet side of the

25 expansion device and extending therefrom.

20.  An expansion device according to amy-one of the claims 15-18, wherein said
one or more scrapers, or a surface layer of said one or more scrapers, arefis made of a
fluoroplastic material. |

21.  An expansion device according to any one of the claims 15-20, wherein the

30 hollow body is provided with one or more heaters (7).

22.  An expansion device according to ény one of the claims 15-21, wherein the
feeding means is provided with one or more heaters (7).

23.  An expansion device according to any one of the claims 15-22, wherein the
feeding means is in the form of a screw (8).

35 24.  An expansion device according to any one of the claims 15-22, wherein the
feeding means is in the form of one or more paddles (14)-protruding from a central core
(15).



