Process for manufacturing a shaped article froma conposite materi al
conprising a solid filler and a thernoplastic binder Field of the invention
The presewD 20rviesgsdon rel ates to a process for nmanuf act BCIrMNg.2e108ke0e d
article froma conposite material conprising a solid filler and a

t her nopl astic binder. The shaped article according to the present invention
can conveniently be used as decoration eﬁenents, e.g. plates or slabs,

whi ch can fp ?@es@rm:remy.ﬁwaéfuﬁﬁglﬁsﬁspeﬂeﬂtmeQ?aﬁf AU BBsitt iRl
ceilings, panel's, vanity tops, kitchen work surfaces, kitchen tops,

bat hrooms, ¢gmprivihgansoled fAld12And!2PelfbiriaophistiRt BRiddro- di mensi onal and
t hr eedi nensi onal shapes by extrusion and or injection noul ding techni ques.

Background of the invention Polynmers and bl ends thereof with appropriate
conponent s havqybgen used for many years as a staple material for the
manuf act ur ef'§H UHYE invepfignconsuner goods such as drink bottles and food
contai ngrs. However, due to their |ow biological degradability, such

pol ymers and bl ends thereof are of great concern to the environment.
Recycl i ng of suEle poiephmventamdchitarids prévesseof miantfactnang ashepodrutids érom

roducts is therefore highly desirable. 02/ 090288, i.ncorporated b
P orence et GGt bty R AR = JhaniePlastib R OR8¢ o
conpri si ng atigetddcyrdihg $OthdpRakitiial @sidnehnl conkPidMilyBOhis@ B Adesratiher ei n

t he binder conprises an optionally recycl ed thernnplastiqagolyner, .
pref er abl y demeeisedtsf rmdstes 9e sipbsupviidh st forgxamplsolvpst $iittabhe be used in

pol ypr | e e . ene .t.ere e ol yhut: e re |. and
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pol yet hyl en@ps, eracipbéhal iatcenal phéleicatil yladding dandj Ahcroupdin@ndiofal Qnd tBRewt . %
preferably 80 - 85 w.% ., even nore preferably in conbination with recycled
pol ypropy| effgrcpsional shapeiby extrisier wid43) iicqtipn mowldipe teghnigNgsor di ng to t he
process disclosed in WO 02/090288, the solid particles and the binder are
heat ed i ndependently (the solid particles being heated to a higher
t enper at ur eBadkgnowinkobihedeventiond are subsequently m xed at a tenperature of
230 to]%OOOC. M xi ng of
Polymers and blends thereof with appropriate components have been used for
many years as a staple material for the manufacture of short-life consumer goods such
as drink bottles and food containers. However, due to their low biological
degradability, such polymers and blends thercof are of great concern to the
20  environment. Recycling of such polymers and blends thereof into valuable end-use
products is therefore highly desirable.
WO 02/090288, incorporated by reference herein, discloses a process for the
preparation of a composition comprising a matrix of solid particles and 1 - 50 wt.% of a
binder, wherein the binder comprises an optionally recycled thermoplastic polymer,
25 preferably selected from the group consisting of polyethylene, polypropylene,
polyethylene terephthalate, polybutylene terephthalate and mixtures thercof. It is
preferred that the binder comprises recycled polyethylene terephthalate, preferably as a
major component (70 - 90 wt.%, preferably 80 - 85 wt.%), even more preferably in
combination with recycled polypropylene (10 - 30 wt.%, preferably 15 - 20 wt.%).
30  According to the process disclosed in WO 02/090288, the solid particles and the binder
are heated independently (the solid particles being heated to a higher temperature than
the binder) and are subsequently mixed at a temperature of 230° to 300°C. Mixing of

the filler and the binder is performed in a conventional mixing device comprising a



the filler and the binder is perfornmed in a conventional m xing device
conprising astirrer or in an extruder. Optionally, a flux oil or an organic
sol vent iwOaduedssse reduce the viscosity of the m xturePCThNL20M00EW6E | S
then fornmed or shaped and subsequently cool ed. However, the method
according to WO 02/090288 has several disggvantages | eadi ng to products
having inferior properties. For exanple, anpl e 14 of WO 02/090288

di scl oses tdfigfer WhNard B&rlleX i M@idnal1Pes fi@f GBEr b ofzah ¥ Jd1wht BMJAXd FHe&Lcand
the m xture is shaped into a construction elenment followed by slow cooling

("cool ed i rthe hescopenohihempixturpel homettpigcsitlom wraseat S@P@d@dd§hbﬁeﬁk@l§é’
cracks whi C%oiesd MRS L f%ﬁ?é %e%%h Srdin tto"\kf?i‘8'%96£’8'8 ﬁa@%e%’rgf&s&' Van 28,07
end-use products requirin F 4esUhet ¢ appear ance ﬁ

Ki t chen worlsagingftagesdedts kllabﬁigemfémprowt(b%/ 090288mp L4, Exefnpﬂid: sclocfsws) t hat
cool i ng can conveni ently be conducted rapidly, preferably by quench@gg with

e.g. water, 03RS\l %ISGF rdv@éWefﬂégianxlxmatl@pefé@m%@mtmlt%ﬁprem
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di sadvant age, t hat theﬁgp ve to be o er?teg | ati vel h pressures and
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hi gh machi ne wear. O early, devices enploying high shear forces require
rel atividl y dibdoscantotepsling catnrt@ntzmmt‘bmea@mdoctbd nafedly asretaridy Wy sgendheng
viscosity of.the nleure thqﬁgg ggl?artl and t he %her | ast i c
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havi ng a pI resiliies intathégh akarcwheremixiog ispeviprmed o ¢wices cwnleyisg dighesherio
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provide details about cooling of the final product, GB 2396
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require relatively high amounts of the thermoplastic binder as otherwise the viscosity of

the mixture of the solid particles and the thermoplastic binder becomes too high.

20 WO 96/02373, incorporated by reference, discloses a method of manufacturing a
multi-purpose building material from domestic waste, industrial waste or a combination
thereof, wherein a waste material having a plastics material content of 20 wt.% to 65
wt.% is sheared to particles having a diameter 50 mm or less, subsequently mixed with
a particulate filler at a temperature of 120° to 200°C until a uniform mixture is obtained

25  and finally formed into a final product. WO 96/02373 does not provide details about
cooling of the final product.

GB 2396354, incorporated by reference, discloses a method for manufacturing
bulk products from plastics material comprising mixing plastic particles having a mean
diameter of 10 mm or less in a mixing vessel while simultaneously feeding finely

30  divided filler material. Subsequently, a first portion of the mixture of plastic material
and filler material is separated and cooled, then blended with the further heated mixture

of plastic particles and filler material, and finally the blended material is shaped into a



di ameter of 10 mnmor less in a mxing vessel while sinultaneously feeding
finely divided filler material. Subsequently, a first portion of the

m xture oVopbesRsss3material and filler material is separarad.2emdsesol ed,
then bl ended with the further heated m xture of plastic particles and
filler material, and finally the bl ended terial is shaped into aproduct.
GB 2396354 does not disclose further detaifs of the cooling of the shaped
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di scl oses a process for making a conposite material froma filler and a
t her noplOast shepésl metex constrecteimelementizind deoled SUA 0. B8  dladdrpesss dloningioniange

bi nder havi a ne%ratiop of | s%%ﬁhan %5 gﬁﬁl Tge.nﬁxture ist ntforned
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water (that is, by immersion into a water bath or by drenching in water

sprays). USn® arpulisud dliesdrgpdearaddhip qoel torambient tenpepipses aPrMMBELS or
produci ng am%ﬂ&ﬁ%@ﬂr%p%%c%ﬁé i IRt Bb@luftt%%li’ordl i ng el t-kneading an
ay and a polymner un

organophilic c er-certain process conditions including

(a) pressure andSob)30022d73s heaipsahtcdiby rafedéme, diQtdkesshp@icesfor ginkigra uni t
vol une. Accordin% to the exanples, about 2 w. %of the quanophilic cl ay
Cl2-M or ceegonesite anaggriab fromp ¢ {illgr ﬁ9q1 3rihgragplpstic binder, whereinthe binder 1s an

asphaltenes-containing binder having a penetration of less than 15 dmm. The mixture is

then formed by compaction into the end-product which is subsequently cooled under

either ambient conditions (for hours to days) or by quenching with e.g. water (that is,
20 by immersion into a water bath or by drenching in water sprays).

US 6.472.460, incorporated by reference, discloses a method for producing a
polymeric composite material comprising melt-kneading an organophilic clay and a
polymer under certain process conditions including (a) pressure and (b) total shear
strain and/or total shear energy per unit volume. According to the examples, about 2 wt.

25 % of the organophilic clay C12-Mt or C18-Mt is mixed with a nylon resin.

EP 1.197.523, incorporated by reference, discloses a method for producing an
acrylic bulk moulding compound (BMC) comprising an acrylic monomer, an acrylic
polymer, an inorganic filler and optionally a curing agent. The acrylic bulk moulding
compound can be used to for producing an acrylic artificial marble, wherein the acrylic

30  bulk moulding compound is filled into a mould followed by curing under heat and
pressure. As a consequence, the method according to EP 1.197.523 involves a

polymerization step of the unsaturated acrylic monomer.



EP 1.197.523, incorporated by reference, discloses a nethod for producing
an acrylic bul k nmoul di ng conpound (BMC) conprising an acrylic nononer, an
acrylic pabyosri2ssa i norganic filler and optionally a cRCIMNL. 2609850260 The
acrylic bul k nmoul di ng conpound can be used to for producing an acrylic
artificial marble, wherein the acrylic bulf moul di ng conpound is filled
into a nould foll owed by curing under heat and pressure. As a consequence,

the method accarghisegudlyEhcke 194i1b23cddMath¥ @St t8 pROViMERA icERSiER/Hrot&R fof t he
unsaturated acrylic nnnoner.Cbnsequen;;%kgthere is still a need in the art
g pa

to provi de @ikieg faletivehy hiphoweagmts of sobi giches and| iplativgly lawoumeuntoef sol i d
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bi nder, enafhbinigplgbiobifdcd,nablify GERl proésct pichordidscihddaash dods mavsschigh wear
to the m xing equi pnent used. Sunmary of the invention The present

i nventi on refatehormixagRaygERat psrd. manuf act uri ng a shaped article froma
conposite material conprising a solid filler and a thernopl astic binder,
sai d process conprising the foll ow ng subsequent steps: (a) feeding a solid
filler and Summarpoptlesnventionnder to a kneadi ng device; (b) mxing the
solid filler and the thernoplastic binder in the kneadi ng device, wherein
the pressure exerted on the m xture of the solid filler and the

t her mopl astic by HE%Eseinﬁn@VQIllﬁdﬁerefa?éf@g@afﬁ{roc‘%m} mhA0rkigink @ shfRUtard@0@okPa to

obtain a conposite naterial; (c) formng the conposite material as obtained
in stepl(b)a ¢camposite g camprising:a sehid ity andoathemgoplstichiaged said pradess as

obt ai ned in steg.%ﬁé. H@ i.S ﬁﬁgferre t hat the process according to the
present i nv&MH Hl'_eg) onts v Seepy t¥s. The present invention also

rel ates to @) compag b SolitfiREér aal aGREMRIdpFsHEbAdSIObiatknkhdihgtedtd a

t her nopl asti c binder as can be obtained by steps (a) and (b) of the process

and to a sh&pednaving theselid &blsr bad obe Hioe@pkytis bapker (ayhe kpepdieg denise,
process. The Pr eREMn {lpevgpetslsgpe fegglttggronrﬁlleaﬁﬁ%l}rg &ﬂ%eussoqi(f)ffilfeqeanccpﬂpeosI te

material for the
15 thermoplastic binder is in the range of about 100 kPa to about 1500 kPa to obtain

a composite material;
(c) forming the composite material as obtained in step (b) into a shaped article; and
(d) cooling the shaped article as obtained in step (c).
It is preferred that the process according to the present invention is a continuous
20  process.

The present invention also relates to a composite material comprising a solid
filler and a thermoplastic binder as can be obtained by steps (a) and (b) of the process
and to a shaped article as can be obtained by steps (a) - (d) of the process.

The present invention further relates to the use of the composite material for the

25  manufacture of shaped articles, in particular floors, floor tiles, ceilings and ceiling tiles,
wall panels, vanity tops, kitchen work surfaces, kitchen tops, bathrooms, internal and
external cladding and other two-dimensional and three-dimensional shapes by extrusion
and or injection moulding techniques.

The present invention also relates to the use of the composite material for

30  constructing floors, floor tiles, ceilings and ceiling tiles, wall panels, vanity tops,
kitchen work surfaces, kitchen work tops, bathrooms, internal and external cladding
and other two-dimensional and three-dimensional shapes by extrusion and or injection

moulding techniques.



manuf acture of shaped articles, in particular floors, floor tiles, ceilings
and ceiling tiles, wall panels, vanity tops, kitchen work surfaces, kitchen
t ops, batwioaorme28858t er nal and external cladding and ot heCcTiNIQe WioFea8i ona
and t hree-di nensi onal shapes by extrusion and or injection noul ding
techni ques. The present invention also relates to the use of the conposite
material for constructing floors, floor tites, ceilings and ceiling tiles,
wal | panel speifibd H¥sckipRion dfith€ii®entie K surfaces, kitchen work tops,

bat hroons, internal and external cladding and other two-dinensional and
t hr ee- di nensi onal shapes by extrusion and or injection noulding
techniques.ﬁ@%&ﬂ$é§j description of the invention Definitions The verb "to
conprise" asits used in this description and in the clains and its
conjugations is used in its non-limting sense to nean that itens foll ow ng
the word are included, but itens not specifically nentioned are not .

excl uded. I n adtia YQh, ¢ eprapEs eastis uaef & Bivedascrptiomand HHER] drims adt ity e

a’ or " ancdiRRafRtis 8XE 198 doRRPRRS LA S ek tar HBLE iSO WAralifte

el enment is present, unless the conteXt clearly requires that“there is one
and only oneclofled, fvat ébmpot specifloelly niefiomuidtaze aot éxclheledaln alditican tefelense
usually nmeans "at least one' . It is |l known to the person skilled in the
art that ki Sgne YRS Mdelinis Rl fo i%Kﬁlﬁﬁnqu&ﬁ&?&lﬁl%nt PPB?ﬁiﬁ(lLlfYn Pl
screw or doybleanSEaRF (RXEIHARE 3 pr&Ent, Khicks GRLORExt FEKGLORRIRatQherCheM cal
Technol ogy, 4th Ed., Vol. 16, pages 844 - 887, 1995). I'n an single screw
ext rudel0, tdne qudlopieenacofthediements. ph¢ malefihye anticteed” oy "4rti ehwyouskialén ercgys

provi ded in,%ggtextxuder and hardly by heat transfer through the wall of
t he extruder” 54M'r%8F.- Because the screw of the extruder drags the polyneric
mel t through theiextl kAGKn Bathe§lersoh 8kAlcl i the A @bt Isheadingldetkesart @isdinkt

bet ween screw and barrel. Single screw extruders provide little axial

m xi ng. Sheartheisopesmtipndremdsingld sarew airydonp lshscrev Hexfbiders c¢fevidx O hingsr s
whi ch provi re;. -l m xi t wegn -t h r al ittle
axi al m xi n%fcyﬁféggcgér%g@ﬁg%é%?&nggogyt %elE%i"s]r?? 'grﬁﬁggegggi“gn@;f ?g%o 'nins%:nr ew
f 1 i ght slsandsikgleacdicngeniuisr, tap@ohinteréd bihat@isipsahatilyanelsdielsny tHeor eksenang,
provi de majorly axi

provided in ?ﬂe extruder and hardly by heat transfer through the wall of the extruder
barrel. Because the screw of the extruder drags the polymeric melt through the extruder
barrel, relatively high shear forces result between screw and barrel. Single screw
extruders provide little axial mixing. Shear forces are also relatively high in double
20  screw extruders which provide more radial mixing between the screws and also only
little axial mixing. Kneaders, however, due their internal design of open screw flights
and kneading pins, operate at relatively low shear forces and provide majorly axial
mixing. Kneaders often also enable lower operating temperatures, lower pressures and
a narrow residence time distribution. Reference is made to e.g. US 2009/027994,
25  incorporated by reference.

Although extruders are very commonly used in polymer processing, it was
surprisingly found that kneader devices performed advantageously in the process
according to the present invention.

In this document, the term “recycled polyethylene terephthalate” is used to

30  indicate material originating from packaging applications, ¢.g. beverage bottles and
food containers, comprising polyethylene terephthalate and optionally other polyesters
and non- polyethylene terephthalate components such as remnants of paper labels,

glues, inks and pigments, polypropylene caps and aluminium caps. The packaging



m xi ng. Kneaders often al so enable | ower operating tenperatures, |ower
pressures and a narrow residence tinme distribution. Reference is made to
e.g. US 28020022884, i ncorporated by reference. Al thougkrCeENIRUBOSERAr € very
commonly used in polyner processing, it was surprisingly found that kneader
devi ces perforned advantageously in the process according to the present
invention. In this docunent, the term "rec@cl ed pol yet hyl ene terephthal ate”

is used to d@ﬁbﬁﬁh@ n@teﬁm @dveahil@iayatcd Reubth ) PREKRAG] RERPRhJIGRL dtR18ne €- T
beverage bottles and food containers, conprising polyethylene terephthal ate
and opti onafihyl anckade (B¥AYeshder aaddtherpolynides.hpolzepsbenste phumiiiamdoil,

conponent s such 0 : ﬁ)-?ﬁé l.ues; i ' :
pol ypr opyl er éng%in éoﬁagﬂ giq&f%lyr‘{{ngﬁ]a@g%%é e>S Bg R%é?llneag’pp ]l?%’a |I§iﬁ§’rﬁn§§ﬁal so
have mul ti | gyetpenst thugidseiag pdigyicipyextile, tanér mixtedes digcred HWueh aviagyig
acetate (EVA),. nylon and ot her pol yan des, pol ycarbagonate, alum niumfoil,

|
epoxy r@si IPHARHAManysY FPMPTISCHLHTFHEUPVE)C) BaeyHsopynsaretyDPEIY | DPE,
HDPE, polys S i r i » i of .
Suoh packacl afilGs, hOSHAPD RN PRI HRFIcRe 1 et Ere 30 Db Sl BRE

mat eri al s. domsaeeaboly90 wn% toi abodioldnento, oftpotyctlaane terephthilewd apdlapentty| ene

terephthal ate; is preferably mat eri al. conpri.sj about 90 . % t o about
100 wt . % of Vhoi et téﬁ&%‘%r%amﬂ%%ﬂﬁa?@ylgﬁat Ribalaedemaongnty ¢ 96 G . 96 of
non- pol yet %kﬁ%igﬂ&mﬁ% haltaligl, GaPanent srachgs ed nQH-pBE%tﬁy@érfé: teﬁ@’ﬁh&gfaté)f the

material, whereinthe fraction of non-polyethyl ene terephthal ate conponents
pref er alfl y @onpnicste prefbrbly @ngdbesebds 0 O0ad i td gbont 106vtYormonsmedierahby vy

about 0.001 .wt, % abput <% of, nen-pol yner conponent.s, bas n t he
fotal vei grtoont ShE $ack: Bithe Wot BERo PR YRR SSPEPERRL Huvel BT cBrgObnts.
The term " npgishi @dhPahitRhfinBAPolRIE M hakpitBalateTodlpsRetg! | known in the
art and refers to copolyners of ethylene glycol and terephthalic acid which

further conpri skhatsroneedifiedpelysthyilenspercplthplatcads dso pistltkapiva iadicgart and
per unit voroHer fasy @RI (B Rl B DAL R ERaHe AR O
vol ume 15n ahbnomael sigehday Bophtnsicalcid hhatledciicgtiodkx anddinsethanol and
mixtures thereof.
The term “total shear energy per unit volume” implies the sum of the values of
the shear energy per unit volume in all loading directions of a kneaded material and is

defined below:
20

E=n(y)%t

wherein E (Pa) is total shear energy per unit volume, 1 is the melt viscosity (Pa.s), y” (s
") is the shear rate in all loading regions and 7 (s) is the residence time in all loading
25  regions. The term “loading region” is explained in US 6.472.460, incorporated by
reference herein.
According to US 6.472.460, a total shear energy per unit volume E of less than
10" Pa may result in insufficient mixing.
The term “ambient temperature”, although well known to the person skilled in the

30  art, is herein defined as a temperature of about 15°C to about 40°C.



defined bel ow. wherein E (Pa) is total shear energy per unit volume, his
the nelt viscosity (Pa.s), g' (s |) is the shear rate in all |oading

regi ons awo 2010(123858s the residence tine in all |oadi ng PEEiN6L0/0FB0t er m
"l oading region” is explained in US 6.472.460, incorporated by reference
herein. According to US 6.472.460, a total_,shear energy per unit volune E
of less than 10 10 Pa may result in insuff?ci ent m xing. The term "anbi ent
t enper at ur ef'he @binktkahc BRlder known to the person skilled in the art, is
herein defined as a tenperature of about 150C to about 4Q0C. The

t her nopl astic binder According to the present invention, the thernoplastic

pol yest or . baseac RS tstp-ehbRyRRRs: ireiopf sy ShAIBRLA Wbk oo
t her mopl astwe%dtorathent DO $Sefa hbatidpldsticiol Posted, Bdedibn HOtovd] Wi gt ofl the
t her nopl astic polyester, nore preferably about 75 wt.%to about 90 wt. % and

in parti*cul RirdepBisferablywthapheanapisetic Buidgr comprisestibouhéds mipr ag apeut 100
pol yester. Jhe M‘ﬂﬂs?ﬁhgﬁ%ﬁcc%&g?éd&shﬁi k&f&ﬁﬁﬁb’a‘gﬂ ¥s5 SR8 ¢s Gloder Mt be
y nodi y recycled poly |

group of, optiona I ed, “optiona ol yet hyl ene
t er epht hal aind iandrixolay abbyl hevt.teteeplittuh &b attes ofhike theemompdtesialyespol Viest er

is nost preferably recycl ed. pol yethyl ene repht hal ate,. The ther stic
pol yest er h'%%rnﬂj)rpé)’f/sEFé’B&?s hS WF%%%&?‘F%‘&%@PW‘W %{OE‘IP@ﬁr%WE@BaIBT ma”ﬁ@{??, 0. 50
dl/g to ab ; o]

dl /g, nost Od;#tlg? a(lalr%gtl;?d;}/ C%go%g,%@%ﬁ%ﬁ?lgﬁthgalg%oﬁd g.og%u Iélng,{egbtpﬁg%%&%g%rsdi ng

to ASTMOD 4Bo3nopldsec tivdyastepliaswast po¢facbly sxsyoledipedycthylernvetepepbtiatate.i Alvent i on

conpri ses out .% to apout 40 . % of. a pol yol ef r ef er.apl ut 0
SoBs 1 o an BTt iSRS e Bl o7 tindc TBeditithe BT SR g
in particul@rg @d}@b‘éutlﬁa%\ﬁdl%g tngoraabierabl; Whodh 0.6aSBE PNabdig 6.93 @Ivg,\/\@io@ht of
the thernoplastic binder. The polyolefin is preferably selected from

pol yol ef ms maseably#baut AFArdlgrto pbe ORedILE, at 25°Catcedriding to Sy LA#03. 2 - Ci 2
a-olefns. Suit € L h ol efl i.ncl t.hyl . nr |.ene,
1- but ene, 2- bu?mgneet,h g@%éﬁ%r@fldeiﬁ %Ceonr;a énrget,o ”@9 pﬂeg?(%{ﬂgf]eenf?%lc Ogr? n%r 1%%3885’1%@: ene.
The polsol eft.Hstoapbdutcidal ¥ of apoliosing petifahielfyabogt. Mwt.% to about 25 wt.%, more

preferably about 10 wt.% to about 25 wt.%, and in particular about 15 wt.% to about 20

wt.%, based on the total weight of the thermoplastic binder.
The polyolefin is preferably selected from polyolefins based on linear or
branched C, - Ci, olefins, preferably C, - Ci; a-olefins. Suitable examples of such
20  olefins include ethylene, propylene, 1-butene, 2-butene, isobutene, 1-pentene, 1-
hexene, 1-octene and styrene. The polyolefins optionally comprise a diolefin, e.g.
butadiene, isoprene, norbornadiene or a mixture therecof. The polyolefins may be
homopolymers or copolymers. Preferably, the polyolefins are selected from the group
consisting of polyolefins comprising ethylene, propylene, 1-hexene, 1-octene and
25  mixtures thereof. Additionally, the polyolefins may be essentially linear, but they may
also be branched or star-shaped. The polyolefins are more preferably selected from
polymers comprising ethylene, propylene and mixtures thercof. Even more preferably,
the polyolefin is a propylene polymer, in particular a polypropylene. Preferably the
density of the polyolefin is in the range of about 0.90 kg/dm’ to about 0.95 kg/dm’
30  according to ASTM D 792. Preferably, the melt flow rate of the propylene polymer is
about 0.1 g/10 min (230°C, 2.16 kg) to about 200 g/10 min (230°C, 2.16 kg) according
to ASTM D 1238.



but adi ene, isoprene, norbornadiene or a m xture thereof. The pol yol efns may
be honopol ynmers or copolyners. Preferably, the polyolefns are selected from
t he groupwoansvrsssag of pol yol efi ns conpri sing et hyl ene PCpMNIRY1085€260

1- hexene, 1-octene and m xtures thereof. Additionally, the polyol efins may
be essentially linear, but they may al so bg branched or star-shaped. The
pol yolefins are nore preferably selected ffom polynmers conprising ethyl ene,

propyl ene and m xdoudias té HRIEAntiokY 81} tHBeopldselc il ¥an bBAsRPINVEE &drih bE a
propyl ene polyner, in particular a polypropyl ene. Prefer abli/ the density of
t

t he pol yol egtitdddsos mill¢rbpamivdes kiviapeunaonoon kyighiot b gapult 18, d8WRyErdns

according t ; fer. h | & f e . | ene
ol yner s BEGTEY (57 e RS e MIRoB gy Tordraf s Sughgpiatapy «
(2300C, 2. 1bzdgf)abascdr U fign by athsal W-D0IRBatae 0r5sdhmgo abodtBemmmntiikhésgyn, the
t her nopl astic binder can be used in the formof grinded or mlled particles
havi ng & maxi num wei ght of 1 gram It is, however, preferred that the

t her mopl astg, RiAdef 1S used in the formof flakes having preferably a size
of about 2 = about 2 - 10 mm (about 0.5 mmto about 3 mm

t hi ckness). The solid filler As the solid filler, different materials may

be used. Suitable exanp| i ncl.ude m ner al ticles, .cenment rticles,
concrete parti c'#_%gh,e %Ogﬁdf?ﬁqr_eﬁvjéqr%t ra%tﬁﬂa@tmfﬁ%wde?umﬂﬁﬁxwa Berndlpdiy
tyres, clayypaid 'pﬁ%tﬁ*'fes, Qélrﬁ‘é}it _@rtil%?ersE b Se pgtltﬂéleé,ss}lnd,glle@?cslecpgs_rpthhff,l 1‘3§yc‘?&fi t he

like. Preferably, the solid filler is a calcite based material which nay be
of nat ulfal @nmbynbleefiom Hrésgilay psuickesagamita piredleadly/ash, gasipaitsiesad e

material (such,a rt.z). .Optjonally, .the solid.fill.er may be.constituted
From di 11 orii PRgerEEs ko isr Ay et B b Erd oyt bl FHE! o
However, i tsyntheHE @riid §Suchhad nididik) th@oPaxX kilbantavel ageerRaitichl & quaes)i s 1.2
mm or |ess and that the m ninum average particle size is 3 mmor nore.

M xi ng st epgOrtiorelpl e melid dBlsy enaytieecamistifuirg fiemcbfercacevraisiygving differcpt esent
I nvention 1.3, Rk fs?zrerrgigtﬁfbﬂti@nd&k rifo%%v%% ey feefeé{‘@d @l thdl A" HAGHLA af Qhee
continuous 'processes, have di stinct ’advantages over a m xing process

wher ei nisan wxtigleidiee i§ 112 par ot ke add that thesaingéwum average particle size is 3 um or

more.

Mixing step

20 As explained above, the mixing process according to the present invention is
performed in a kneading device which, in particular for continuous processes, have
distinct advantages over a mixing process wherein an extruder (in particular twin-screw
extruders) is used. Kneading devices are operated at low pressure, low speed and low
L/D ratios so that shear rates are very low compared to the shear rates encountered in

25  extruders. The clearance between the barrel of the kneading device and the screw is
usually greater than in an extruder which also helps in reducing maximum shear forces.
In addition, residence times and residence time distributions are generally lower in
kneading devices than in extruders. In addition, in an extruder, mixing and compaction
occurs in a single step whereas kneading devices enable to perform compaction in a

30  separate step. Furthermore, kneading devices operate with dispersive mixing whereas
extruders operate with shear mixing.

It was surprisingly found that a separate mixing step (by kneading) followed by a

separate compaction step resulted into composite materials and shaped articles having



extruders) is used. Kneading devices are operated at | ow pressure, |ow
speed and low L/D ratios so that shear rates are very | ow conpared to the
shear ratwe 2enciasssBered in extruders. The cl earance bet ReENLIRIW®/0BG60 el oOf
t he kneadi ng device and the screw is usually greater than in an extruder
whi ch al so hel ps in reduci ng maxi num shear_ forces. In addition, residence

tinmes and residence tinme distributions ar e9 generally lower in kneading

devi ces thafahy iﬁiswmempehrbsai@lcuad\}\lzmsdnnwﬁﬁ X tUdeBhscdhrocBSc8NThese
conpaction occurs in a single step ereas kneadi ng devices enable to

per f or m conipaEeywhrpperaics dpdvds @ partpularmeehatripgd rreopiatiegd agglogeatiareand
operate wt I SPersiyve mxi r . r rate wt. e 1 Xi ng.
T “vassur preEiRaREHAERT RhER LR PR T SRR M BN

fol | owed byingrsepamaticani@pacpdroins,Stepddcesolrbon hnd dcss PrPOSitidegraaeibhal s
and shaped articles havingmany i nproved properties in conparison wth

extruder baSBefhpgesaBsasPIHds thaf WG IEwapingslerice dasswrer au@crhnniat prigul ar
mechani cal RIBRGILI i “Qﬁlcé%!t&kig@t WARKAY ﬂnﬁ&?aglv Ghhefl o @%@égs AWoardfi P 9! V-
a kne g devic ted in I nprov antcal

t he application o adi n e resu es mnmec
properti es, preessindeatdnos patforamedand cbeisuops aduotr. degr adat i on.  Anot her

i nportant aspect is that wjth a kneadi ng device | ess_ wear. of. nmechani cal
parts is observ’%&c‘?rﬁéﬂg\}iﬁ)%eﬁﬁﬂﬁé%@n e PECR g%otlhteasrﬂh‘\ﬁﬁﬁ]é[‘rfgtadgpﬁ‘reocess
accordi ng t@c BRI SEMHer LAVRAL AR kiR aBRL KRN laNv@ckARlib RYAHSuTBNNE -
According to the present invention, in step (a) the solid filler and the

t her nopllastdboub2thdéerPrafceabiy dhils ovetighs ridreiadbowf 2del focabounl a: Wehegietprefatably of
about 1 : 1bto Qbﬁgt b20 1. Preferably, this weight ratio is about 2 : 1
to about 1520°UG% NN 9 labiy about 4 : 1to about 10 : 1. According to

the present invegdor@fg td thel Srefdns thvith@belif Bidoh@trarfeanhithehenahe dolhid Filler
and/ or the thernoplastic binder are fed to the kneadi ng device (in step (a)

of the procasdribecbeanendastio binvsr picded i thp peadineodpvicgi(irhen (adabitheipserghs
heating, i.e.. that t olid fi .h L ast i c..hi e
around anbi aecrcl?ll;dt"%“rtpoetlrﬂ gtp 3?58.t lﬁﬁHtLoglp n“ﬁ@gép%&étlgl}%@ gétgl%gclf g‘ot%tl t%\lg S&g‘?gH?#r one
of the Ipr ecediorghelhaimdplastbodiicnagtaegundambisntpanpaitord at a tenperature of

about 2300C to about 3500C, nore preferably at a_tenperature of about 2700C
to about 3200c Furthermore, The process according to any one of the preceding claims, wherein
step (b) is performed at a temperature of about 230°C to about 350°C, more preferably
at a temperature of about 270°C to about 320°C.
It is also preferred that step (b) of the process according to the present invention

20 s performed at a total shear energy per unit volume E of about 10° Pa to about 10° Pa.
In extruders, the total shear energy per unit volume is usually much higher (e.g. at least
10'° Pa; cf. for example US 6.472.460, incorporated by reference).

It is furthermore preferred that step (b) is performed for a time period of about 30
seconds to about 5 minutes.

25 The process according to the present invention is performed with relatively low
residence times, i.c. that step (b) is performed for a time period of about 30 seconds to
about 5 minutes, more preferably about 1 - 4 minutes. The residence time of the
mixture of the solid filler and the thermoplastic binder in the kneading device is
therefore significantly shorter than the residence time in an extruder as is elucidated as

30  follows. The L/D ratio of a twin-screw extruder is around 40 whereas the L/D ratio of a
kneading device is about 11. The residence time is proportional to the L/D ratio, for

example as follows:



It is also preferred that step (b) of the process according to the present
invention is perforned at a total shear energy per unit volunme E of about
108 Pa t ovakowr128539 Pa. In extruders, the total shear emeTONL2p®rO5QRG) t
volume is usually much higher (e.g. at least 10 10 Pa; cf. for exanple US
6.472.460, incorporated by reference). It lios furthernore preferred that
step (b) is perfornmed for a tine period of "about 30 seconds to about 5

m nutes. ThehHERFESSE t@@fe@fd_@ﬁdwirﬁ@(st)a@dﬂﬁsetﬁ@mtaﬁﬂg\é@a_&& enthk Scie®rEmpyred with
relatively |l ow residence tines, i.e. that step (b) is perforned for a tine

peri od of aboutln3dlic pweevidscardinglio the Besrinhinvertiomicecngrafiapetsiuyingtsiontbl - 4
m nutes. Th i C { f, the m e of Lad.fi] e
t her nopl ast 1|§ & { Ee?‘%ltg%rgu?%dq l%fépe%lf ga'g]ixrtl%pe (y?tg\létl{ ecSeO?lidsﬁlﬁ & ?lgft 1tl)er %1 efér?%pﬁ{lsftll%c% glrléeiqy

shorter thaprefdreblyeshddanegy inpie is RomoexXihanddbuas00EkEpeck gatie@drasmbal | ows.
The L/Dratio of a twin-screw extruder is around 40 whereas the L/D ratio
of a kneadiRi§icadly.cle energnimput it 1n theyangeeef; dperct0kImer kg myrEp i abera0% o t he
L/Dratio, %oprerﬁg g.as follows: L RT- pDnwherein RT is the residence
tinme (s) and n isS the rotating speed of the screw (rpn). In the process
accordi ng to théxtprdesent verywamimom detibes fengolyyner ppadesdog apygicatien Pijng s at

| east about 300. kJ per k i xture of the solid filler and t t her | astic
bi nder. Pr Pty POl me Bty Mt g MigEC W&Pézaflﬂ%a@%wh%we@ r kg
mXxture. Nb&ﬁld%;?fh%ﬁ%@i%re ﬁ%s&@?@@ddv&&‘t‘ﬁeahﬁpﬂo@e&ﬁ% 'I@Q@cﬁti@ﬁ, ﬁ{%oéﬁterékpo kJ

per kg mxture to about 800 kJ per kg m xture. Extruders are very cormon
devi ceslOf orsuppligdee the pobssirnyclpphics atrinoatilyDirpimiyy @ xeurgss On viggoluy imeat

pell ets are nol and mxed with various additive Ext ruder.s alsp build
Up the presitiP@ITaResar JoiGr ! Ben bl Meivp Ascus i rierh st Erel
ener gy suppldatdofiductib® fith YR kvalled ft the QiBsde ITRaT fokderf gaqs@ kg s @yl veRsuy 1 )
vi scous heat generated by shear between parts of the flow noving at

di fferent viataapkhessing) iy sutipliedtbyndatmelon dueinohef scaew+ the laken boheating
extruder . T&%{Je&’.“i’@ rﬁl{tﬁérs&’lst‘fx{g%% i %b?eiég’%ﬁ%o'rﬁﬁgrt”%e Neakhi thvehiors #ORI | €d
by the notor turning e screw, the ‘latter by ating
15 known processes involving the application of extruders, step (b) of the process
according to the present invention is performed such that less than 80% of the total
energy input into the product (which is delivered by mechanical and electrical forces)
occurs by mechanical forces. Another parameter for the ratio of viscous internal heating
vs. direct heat conduction is the Brinkman Number (cf. R Byron Bird, “Transport

20  Phenomena”, Wiley & Sons, 1960, p 278). According to the present invention, it is
preferred that the Brinkman number in step (b) is less than 100, preferably less than 50.

Compaction

25 In extruders, mixing and compaction may occur within the same device. On the
other hand, the use of a kneading device enables to perform compaction in a separate,
distinct step. Accordingly, the step (b) of the process of the present invention may
optionally comprise a compaction step which may be conducted simultancously with or
subsequently after the mixing step.

30 Preferably, the compaction step is performed in a conveying extruder which is
operated at a pressure of about 5 x 10° kPa to about 5 x 10" kPa, more preferably of
about 10" kPa to about 3 x 10" kPa.



devices. To further distinguish the process according to the present

i nvention fromknown processes involving the application of extruders, step
(b) of thwoprucesssiaccording to the present invention i ®CpaiRarreseéguch
that | ess than 80% of the total energy input into the product (which is
delivered by nechani cal and el ectri cal forqes) occurs by nechanical forces.
Anot her paraneter for the ratio of viscoué'internal heating vs. direct heat
conducti on Fgndile Bri nkman Number (cf. R Byron Bird, "Transport Phenonena"
Wley & Sons, 1960, p 278). According to the present invention, it is
preferred that the Brinkman nunber in step (b) is less than 100, preferably
| ess than 50. i on xt ers 1.Xhng and. c cti. ocaur
wi thin the sanecﬂ{orﬁg@%%nen.g S&#]{Iﬁg atﬁ)st%heerc gﬁ} ,e&ltwglteh %svécegflrzagwﬁﬁlgghl ng edé‘\(;tl)yce
enabl es t o qeffredsiorcaopldig, OMectcin theS@pRpositEmattrial isneddedtieg.a ogldradd nigd v,
the step (b) of the process of the present invention may optionally

] f ; : :
conpri s€ a WBAhRTIFkHs Sradwrdens lpgg. Beiniention craddiag nen tasdesiony WiFtem or
subsequent | ye gk ihali05raha] BhoBUiPR-¢iCRb HhaRred! HEpCOMALHAR iFLER! |3
performed in a conveying extruder ich is operated at a pressure of about
5 x 103 kPalitrengbwtitc Shaped @dickd s, theodesirgd &methallhy letterabetidd 104 pRactler about
3 x 104 kPa. Form ng The form ng step may al 5o be conducted w th devices
Known in t HSVEREECOgS g}"’.hh%‘yt%’éé et el RgTClacRIN (DPre é&%@sw
material i sgl@adsds k#dendgroul d and the shaped article is formed under a
| oad, by injection noulding, or by extrusion, wherein the material is
pressed® hrough a die into the desired shape, and a knife is used to
di mensi on tgelshaged article to the desired length. The latter nmethod is in
particul ar $Feous when the shaped article is a wall panel, a vanity
top, a kitchen work surface or a kitchen top. Cooling step According to the
present invention, the cooling step may be performed by any conventi onal
means. Hence, thewréingso theyprcsrilt udecntigpi thecgolinggtepanyy, beperhemmadghy oty sl ow
cool i ng or &o%@gﬁt?olnlaFglegﬁ)sqlHe@l%'e, t'ﬂ?smﬁgf ?ﬂay' ihelude 9£p%8%r05ﬁ9g Eg]gtq&egghlﬁgﬂnl ng
st eps

15 slow cooling or controlled cooling. However, it is preferred that the cooling steps

proceeds in a controllable manner, wherein the amount of energy per weight equivalent
withdrawn from the shaped article during step (d) is about 100 kJ/kg to about 250
kJ/kg, more preferably about 150 kl/kg to about 200 kJ/kg. The amount of energy
withdrawn from the shaped article is calculated as the ratio of the cooling power of the
20  cooling device (in kW) and the throughput of the shaped article or shaped articles (in
kg/s; mass flow) and is therefore expressed as kJ/kg. Hence, the amount of energy is
related to the weight (in kg) of the shaped article to be cooled.
It was surprisingly found that cooling conditions had a significant impact on
important properties of the shaped article according to the invention as produced along
25  conventional process conditions. In addition, prior art processes suffered from the
disadvantage that they are not very efficient, in particular because these processes make
use of moulding steps to form the shaped article. Hence, the shaped article could only
be manufactured batch wise, whereas continuous manufacturing would be highly
desirable for efficiency and consistency of product quality.
30 It appeared that, in particular when the shaped article is a slab, mechanical
properties could be greatly improved by applying certain stringent cooling conditions

and/or by using particular cooling devices. In particular, it appeared that cooling the



proceeds in a controllable manner, wherein the anmobunt of energy per weight
equi val ent withdrawn fromthe shaped article during step (d) is about 100
kJ/ kg t o wbaeoto/2833kJ/ kg, nore preferably about 150 kJ/ lpgTiNG 200803026200

kJ/ kg. The anobunt of energy withdrawn fromthe shaped article is cal cul ated
as the ratio of the cooling power of the cc}goling device (in kW and the

t hroughput of the shaped article or shaped”articles (in kg/s; nass flow)

and is thergfRf SurfxpPhes dRboASMISH K oHBPSRD ptd\ed AMBipbvAfpreéneidy ¢ bSlcke! at ed
to the weight (in kg) of the shaped article to be cooled. It was

sur pri si ngl Yamogn bighpraflcxsied sirenptis dvigher comprehgen stranignaridi lessrsurfaegeiagkson
| mportant pr Op%&éo‘o?cﬁngfto &, 30aPEd A gﬁ eco%‘ff%&rr?t'e'lgl iR §th«1%o{1tn§/°%%n|h9&t as
produced al ong ‘conventional® process con it fonse 1 adait on, prior ar

processes sdfouen 2oFd/mon) nbee picsadhignitagst bbait T gmimtcabat 10€7¢/nahf acd ent
in particular because these processes nmake use of noulding steps to form

t he shaped HetiPEsferablyerh deast abgat KiSpal tarbpei89°e€dtind only be nanuf act ur ed

batch Wi se, whek &80 i 4RRGORME 860 HEL RErRHY d BRIt Yodiesls@ble for
ef ficiency and consistency of product quality. It appeared that, in
parti cul ar attoans tche nghapedeably aboat 0.5 can &l alout Acdmannd & pyptiopler abes Ocoul d

be greatly inproved_by applying certain _strjngent | i ng condi ti.ons and/ or
by Using pathreeho 2chen: HgTIEPEed S prrfpard ELingabihas 4f sugien tiplgess

cool i ng t heynPeht BYHREENE56 ffn, 08 YRSUbEAEE nfh td fousb@mnRr Ovi ded
i nproved properties, e.g. less warping, higher flexural strength, higher

conpr esi¥i on st ridesget paopdrtice ss g suarbagestoangthkand the sombiémg stidadehaaghs emait

i nvention, th ooling rate is at |east. ab 5C/ mn to about 120C/ mi n,
nore prefer ebﬁgﬁ%rtm}pgg'sefi%é’&%@rr?@r‘?f% (fiz)g%ﬁ%ltfoogaéﬂ mn, and nost
preferably at IRastocdngutichllHingl bbR aadauibl8 Bk BbelingeLREMkNGwhH & thaeart

i nvention, the slab has preferably a thickness of about 0.3 cmto about 5

cm nore praxdds abey usdddnthstecl drdusty slowevea, dead hpaveryidifferant preperéies atsbut
0.5 cmto t 5 h R fer that..-th | an
aver age. ¢ hi DEHduEpf s RN TN iisslyboBhE KRR kOB B P8P v o
about 3G mminvéx®hred properties, e.g. warping, strength and the nunber of

surface cracks,_could be further |nproved by performng ste@(d) by belt
cooling. Belt cBRfFGNgdepPreayespnipliewsellic diapedritipledo Bereolgdsilpidpd anst wel |

known in t h(?elff‘{lgually made of steel. Since steel has an excellent thermal conductivity, heat can
be dissipated quite rapidly. The rate of heat dissipation can be controlled by e.g. the run
speed of the belt. The belt itself is cooled by external sources, ¢.g. sources spraying

20  water and/or air against the belt. Preferably, when water is used as coolant, there is no
contact between the shaped article and the cooling water. The cooling water can
optionally be collected and, after cooling to the desired temperature, be recycled into
the cooling process. It is therefore preferred that the cooling is achieved by using air,
water or a combination thereof.

25 According to the present invention, the belt cooling can be performed by single
belt cooling or double belt cooling, wherein one or more single belt cooling devices
and/or one or more double belt cooling devices are used, respectively. Optionally, the
cooling system may comprise a combination of one or more single belt cooling devices
and one or more double belt devices. However, according to the present invention, it is

30  preferred that at least a double belt cooling device is used.

Double belt cooling has as one advantage that the shaped articles can be produced
with increased capacity, as the product is in contact with two cooling belts. Another

important advantage is that the whole cooling process can be better controlled.



and is often used in the steel industry. However, steel has very different
properties and nmust fulfil other requirenents than the conposite materi al
accor di ngvoaotoesgssesent i nvention. Belt cooling is operarad.2en/ osash ows.
The shaped article to be cooled is |oaded on a belt, usually made of steel.
Since steel has an excellent thermnal condgﬁtivity, heat can be di ssi pated
quite rapidly. The rate of heat dissipati can be controlled by e.g. the

run speed ofyriRembel aoubT@selb&iompgtpﬁ&hgfiesirﬁox@%&ﬁfﬂht?wvi&ﬁe@ﬁdw{o HOUlifl8Rss €- 9.
sour ces sprgylng wat er and/or air against the belt. Preferably, when water
s}

i s used as @fdbe sped ettisice 1.f ghatchishertandelcheaniserpotadent g dlr wind ffieicand t he
cooling wat %rless;gﬁi%k&og&@u'}% MG Co5RE RBtsﬁnO'l‘eal})éléédeQ? gollected and, after
cooling to Phe desi¥ex enperature, Be “redyered i nto the cool i ng process.

It is thereforenpr&fublatett dobhhg thdcs gl shaged &tialehs xdasht®ihcuppaidsuafate ofvat er
or a conbination thereof. According to the present invention, the belt

cool i ng “carthBdoyer bt HbérhnyrariprEh & 1ethe cosbingrgnsrordeabne zpets Wst thy,
wherein on r@%ufé%fechéh r%eﬂghgursso&'séﬂ%&ugfegh&% caﬂﬁéﬁ%y?ﬂ% QR vdapb! e

belt cooling devices are use respectiv t1onal | the cool1ng system
may conpri sthe dowarizitremtlithaupfer b therctywope viiimghe cfieldnt enbtomoplidd vockesy and

one or nore uhl e belt devices. However, according to the present
( . b
i nvention, 9%thf ghappdpiticlced that at |east a double belt cooling device is

used. Doubl e beltc6RY kR NasHASs, ARE sREVeMkadsutidRl ddpenddareshnant Wadigs can
be produced with increased capacity, as the product 1S in contact wth two

cool i nglObel krmwnABiot henbérnibbe BaotmuadenBigen disnankianlesheunbrsvericlosluisadyin
process can b etter, contr.olled. Furthernore. doubl.e | t olin rovi des
P oeCTT et DR TAO R oF SRhuRT Fi PR P r RS 3 it PEonip 4 hod BB} 5
t h_at t hi ckefesigiahécCligsid€ adthdbat c@el agfat abané dhaped airbelef fihei BGY nambbeSs

t hi cker products can be cooled on a single belt device. In a double belt

cool i ng devideacnsiandesshisgeldncsrasi cle is fed onto the upper surface of the

| ower belt which transports it to the cooling zone or cooling zones, where
the pressure of the upper belt ensures essentially constant contact with
the surfaces of both the Iower belt and tHd upper belt thereby providing an
efficient and controll ed cooling of tﬁé:§q§ped article.

15
wherein H is the heat transfer coefficient at the surface of the shaped article (in
W/m” K), 2d is the thickness of the shaped article (or characteristic length which is the
ratio of the volume of the shaped article and the surface area of the shaped article; in m)
and L is the heat conductivity of the shaped article (in W/m.K). When the Biot number

20  is (substantially) higher than 10, the number of internal stresses increases significantly
which is obviously undesired for shaped articles (in particular slabs) according to this
invention. Consequently, according to the present invention, it is preferred that the Biot
number is less than about 10, more preferably less than about 5. However, if the Biot
number is much less than 0.1, the heat transfer within the shaped article is much greater

25  then the heat transfer from the surface of the shaped article (which implies that there
are hardly any temperature gradients within the shaped article). Hence, according to the
present invention it is preferred that the Biot number is about 0.1 or higher, preferably

about 0.2 or higher.
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In cool ed shaped articles, the stress distribution is dependent fromthe
wel | known Bi ot nunber. The Biot nunber (Bi) is a dinmensionless nunber

whi ch i s weediinsssast eady-state (or transient) heat tramsiravi2emlosedoat i ons
and it relates to the heat transfer resistance inside and at the surface of
the shaped article. The Bi ot nunber (dineqaionless) is defined as: Hd
wherein His the heat transfer coefficient 'at the surface of the shaped
article (i ncMhp&itmatdshli s the thickness of the shaped article (or
characteristic Tength which is the ratio of the volunme of the shaped
article and the surface area of the shaped article; in m and L is the heat
conductivity of ticl in W o .Ot.. N I.
(substantialIyYAﬁgggggqgﬁg%%%ﬁ?ﬁEﬁ%g%%o égéE%nfﬁhé?H%?gggkgég%%g?%%Q5§ses
si gni fi cantprgferdtitg lbdus 16bv3 apeihy, nottestieed]y soushaperls aptdnel es (in
particul ar slabs) according to this invention. Consequently, according to

t he pre§bnt invention, it is preferred that the Biot nunber is |ess than
about 10, Selhglgrably Iess than about 5. However, if the Biot nunber is
much | ess tggg%%;q%—The heat transfer within the shaped article is nmuch
greater then the heat transfer fromthe surface of the shaped article
(which inplies that there.are hardly a tenperature gradients wthin the
shaped articl e)j.thﬁ‘r%’i%%‘ff ALY HiR “P%tq ﬂé %F%HVGPHQE%PY%FFWGF& i'&PSF&Fer r ed

that the BiQhRUTREF cdadnBDAHEy e kh@fachirSBLhy o B & Sk AR RRARYIMAkike Hem
hi gher. Conposite material According to the present invention, the density

of t he ldonposytseitatplicdpi adpnstwicpngffroaklyitchibowork. serfac® &y kinGenntope The
preferably abou .0 -.2.5 kg/dnB. Shaped article The shaped artic]es
Decording tSueHberhF s ahf ik BA0Y Birc0RT Dpeitss Prpare it TrearniEd Fho,
exanpl e, thgy seRdGhaaahes iflsRetabytréghl ghatabistlaboute® Nt ecddbdihd @ tREM
very suitable for constructing floors, kitchen work surfaces and kitchen

tops. The shetbed NN EN 628-41 Boaddiies, dos drefeerhiat Hic qonmpessionessrength is at
particular, |t i p.2) t .th ted ‘has a flexural strength
of at |eastleééttShfut%%{%ﬁrf%%‘}:@%%?ﬁ%t f‘%ﬁﬁgﬁﬁﬁr&ﬁgﬁé tIQIEN EN 198-1. In
additiors, it isThydfaped edidl&adccbiting onhicgasscmn iBteheiogtatsol shoat low thermal

expansion, very little warping and low brittleness. For example, US 6.583.217,

incorporated by reference herein, discloses that shaped articles made from composite
materials consisting of recycled PET and fly ash showed a shrinkage of 2.2% (100
wt.% recycled PET) to 0.7 wt.% (30 wt.% recycled PET, 70 wt.% of fly ash). In
20  contrast, it was found that shrinkage of the shaped articles manufactured according to
the process of the present invention was virtually independent from thermoplastic
binder content.
The shaped articles may further comprise other additives commonly used in
engineering stone products, e¢.g. pigments, colorants, dyes and mixtures thereof. The
25  maximum amount of such additives is preferably less that about 5 wt.%, based on the
total weight of the shaped article.
It is furthermore preferred that the shaped article is a slab, wherein the average
thickness of the slab is about 2.5 mm to about 50 mm, more preferably about 5.0 mm to
about 30 mm.
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| east about 50 NVmmR according to test method NEN EN 196-1. The shaped
articles according to the present invention also show | ow t her mal

expansi orwwoverwi288s8t | e war pi ng and | ow brittl eness. For PEXANTRI®/050160

6. 583. 217, incorporated by reference herein, discloses that shaped articles
made from conposite materials consisting gf recycled PET and fly ash showed
a shrinkage of 2.2% (100 wt. % recycl ed PE f to 0.7 wm.% (30 w.%recycled
PET, 70 wt.pPe#thplety ash). In contrast, it was found that shrinkage of the
shaped artlcles manuf act ur ed accordlng to the process of the present
invention was virtually i ndependent from thernoplastic binder content. The
shaped artiktesspledhy further conprise other additives commonly used in

engi neering stone products, e.g. pignents, colorants, dyes and m xtures

t hereof .5 The mekésyuredarBIUMid sifics Gsbragddidmatesationt PR2&fremaln ¥ weegs ritiwdf about
5 wm.% based on the total weight of the shaped article. It is furthernore

preferred tHavtthe Ehupedwar pracpecd & asglg&bscr%én%ﬁdﬁr (s MRKalf®: AP ckness
of the sl ab %h@i}%te %Xé smeg% gpé)ff&ﬁefagp ﬁ‘lhﬁ‘er ?Bbbf k@Q%%miu& mm to
e eC

about 30 anples |ca average di aneter
about 0.25 pmjsura) a a/\mHgiﬁranuaet 063000(16ThMm%tt1m 6ﬂram§rcl%dvRET pnosdssedad n a

si ngl e-screw knea (Buss 140; L/ D he rate 1

resi dence ﬁ%%ﬁ%ﬁ% Hetarguld qﬁ“?ﬂ?f%““l‘ﬁ%@ﬁi ‘i‘r‘gRT i rpiastg%‘?é550d%ln]a

t enper afour %ﬁﬁs@%@%m&%@ssr@ ﬁhﬂj erHRfprE &C¥ed 86 tiEhoRIdwsd bd®AKN@S he final
transferred to a press nould (t nperature was 8Q0C) and pressed to pl ates

of 150 nm bylatts 8 enaregaléd oktheopeBammyhe flatesphewsd hoadrfafe drheksmndIveramst 2000

kKN. The flqg glates were cooled in the open air. The plates showed no

surface cra EQ ‘and were not brittle. Exanple 2 This exanple was conducted

as Exanple 1, but with marble as filler, wherein the weight ratio of

recycled PET to marble was 16 wt.%to 84 w.% Shear rate was 450 s 1
Example 2

15
This example was conducted as Example 1, but with marble as filler, wherein the
weight ratio of recycled PET to marble was 16 wt.% to 84 wt.%. Shear rate was 450 s,
the residence time was 2 minutes and the maximum pressure was 400 kPa. The plates
showed no surface cracks and were not brittle.
20

Comparative Example 1

Recycled PET and sand (average diameter about 0.25 mm) in a weight ratio of 30

wt.% to 70 wt.% was processed in a single-screw extruder (Coperion Werner Pfleiderer

25 ZSK-25; L/D = 40; shear rate 1300 s™, residence time approximately 1.5 minute; 2500
kPa maximum pressure) at a temperature of 285°C. The mixture of recycled PET and

sand was transferred to a press mould (temperature was 80°C) and pressed to plates of

300 mm by 300 mm (thickness 20 mm). The press load of the mould was 2000 kN. The

final plates were cooled in the open air. The plates were very brittle and showed a high

30  number of surface cracks (cf. Figure 1).



the residence tinme was 2 mnutes and the maxi num pressure was 400 kPa. The
pl at es showed no surface cracks and were not brittle. Conparative Exanple 1
Recycl ed wabtosvidsssand (aver age di anmeter about 0.25 mm) PeTANL2ei0gEe260 at i o of
30 . %to 70 wt.% was processed in a single-screw extruder (Coperion
Werner Pfleiderer ZSK-25; L/D = 40; shear %ate 1300 s 1 , residence tine
approximately 1.5 mnute; 2500 kPa naxinu&1pressure) at a tenperature of
2850C. The mympathEvodxah@pfyzl ed PET and sand was transferred to a press
nmoul d (tenperature was 800C) and pressed to plates of 300 mm by 300 nm
(thickness 20 nm. The press |oad of the nmould was 2000 kN. The fi nal

pl ates were coobed j pen.air. T | Le. v I howed
D B oh mamber _af gl 2 PR Ra T b R GBI EOAS YETE R v b B
Recycl ed PHh aangtisidbt £53shionainWeirgdrativad éxangfle 35Té matarcwoScovhpdetebis a
processed in an extruder as shown in Conparative exanple 1. The m xture was
conpact d i Raegigpiie P e3 erxtigdersai 0P fdend atubseyoetly iroldedh seerrdmel (P it ded
according t 3 - a i 0 . was
13000 e oERErBeARetH CoRhiive b iARAL AhbEr AR s C) AR
Figure 1). rmedunpmesdriRbcandlsbawsEduréacd craekdbic€ Higmerlage coarse particle

di aneter about 0.5 mm) in a weight ratio of 17 w.%to 83 wt. % was
processed in a tw n-screw kneader (CK-100, manufactured by X-Conpound GrbH;
L/'D = 11; sheairkate (nmax) 300 s 1 , shear rate (in all |oading regions) 75
s 1; residence tinme approximately 1 mnute; 400 kPa maxi mum pressure) at a
t enper atlure of 2700C. The viscosity of the mixture was about 7000 Pa.s .

The total ener e it volu was about 2.4 109 Pa. Th 1 xt ure of
feoycled per arbedtlen e pdis Fdfin 200 oficls 0 torGr byt i By a
pl at e havi ngeight faticloTaTSw0%, talE3Ukt. ddw aHrobEsEd WS thinaftsdve kh@dict CIR-190M
cooling table; the tenperature at the start of the coollggotaple was about

270C. Af t ermemidaciuisibygX tGammpouni &bl B4 welle shedrirated magdPOist hshaabiatmt
air. The plafes RAMEIDRRS75368 LREKS MR WSHSxte" 1 thihfre; 400 kPa

15  maximum pressure) at a temperature of 270°C. The viscosity of the mixture was about

7000 Pa.s. The total energy per unit volume E was about 2.4 * 10° Pa. The mixture of
recycled PET and silica was fed through a 15 mm die thereby producing a plate having
a thickness of about 15 mm which was transferred to a 2 m cooling table; the
temperature at the start of the cooling table was about 270C. After the cooling table the
20  plates were left to cool with ambient air. The plates showed no surface cracks and were

not brittle.

Example 4

25 Recycled PET and silica/marble (weight ratio = 0.42; average coarse particle
diameter about 0.5 mm) in a weight ratio of 23 wt.% to 77 wt.% was processed in a
single-screw kneader (Buss MDK 140; L/D = 11; shear rate (max) 450 s”, shear rate
(in all loading regions) 113 s'; residence time approximately 1 minute; 400 kPa
maximum pressure) at a temperature of 300°C. The viscosity of the mixture was about

30 1700 Pa.s. The total energy per unit volume E was about 1.3 * 10° Pa. The mixture of
recycled PET and silica/marble was fed through a 15 mm die thereby producing a plate
having a thickness of about 15 mm which was transferred to a cooling belt (Sandvik

type DBU; temperature at the start of the cooling belt was about 270°C, temperature at



Exanpl e 4 Recycled PET and silica/marble (weight ratio = 0.42; average
coarse particle dianmeter about 0.5 nm in a weight ratio of 23 wt.%to 77
wt . % was wocoBsrRers3i n a singl e-screw kneader (Buss MDK PAO/NIRAD/050264; shear
rate (max) 450 s 1 , shear rate (in all loading regions) 113 s 1 ;

resi dence time approxinmately 1 m nute; 4037kPa maxi mum pressure) at a
tenperature of 3000C. The viscosity of the 'm xture was about 1700 Pa.s .
The total eReray oPic slingRIUNES dbote90ababhoth of tHOS PR bElew sl & ) EhOf
recycled PET and silica/ marble was fed throug?h a 15 nm §| e t hereby

produci ng aplpeashovwrshiorrgriace erpeloriad svase netduiitle. 15 nm whi ch was transferred
to a cooling belt (Sandvik type DBU;, tenperature at the start of the
cooling belt was about 2700C, tenperature atthe end of the cooling belt was
about 9Q0C Etaemgébh of the cooling belt was 8 n) The pl ates showed no
surface cracks and were not brittle. Exanple 5 Recycled PET and marbl e
(averagé coarse particle dianeter about 0.5 mm in a weight ratio of 23

by’ X Compound Colep oL/ B el B SlRP By RE SO RRAGLer AT TR T

| oadi ng r egweigh) rabid of 2B wt.Yoetei/dench wasnroagpedr asingleysciewrknetder (GR 00Kk Pa

maxi mum pressure) at a tepperatyre of 270 0G The viscos off the mxture
was about 2P u@d.bY%ﬁ%%PHéﬁaP%yfé%r BB TR ad S abUgeT 8% 108
Pa. The m xtur@ Rfadm@Cheicd) BETs antbsiRdd %ni%aﬁlf)ﬂrggirﬂal%l UG hniftutkd 400" Kb£
t her eby producing a plate having a thickness of about 15 mm which was

t r ansf ellr edmomanPpresssiod|at agernpdrhtare 0270t €npdbe atsaoatyatf thhmigumrvasofbouhe
cooling tab s gbout 270C. After the cooling taple, tes were.left
Co cool wi CHTOAERe RSt ety Birafi LR oot Pdcel CrERB SRAEFE hot
brittle. O aiedPcldd PATPEREBSSbIE W asTRAUAARRIH D N nin ANARREHS prodlSinkrOpate
conposite material conprising a solid filler and a thernopl astic binder,

sai d procestavagnpthieingss ehaboub|l b awirghislubee digasferred tps 2 mapoliee tibirg the sol i d
filler and h | ast ipnder . n ' i gR; b XI e
LT o BT SR RS RSP R TR e L

15  plates were left to cool with ambient air. The plates showed no surface cracks and were

not brittle.



wherein the pressure exerted on the mxture of the solid filler and the

t hernopl astic binder is in the range of about 100 kPa to about 1500 kPa to
obtai n a worzgpogizess3material ; (c) form ng the conposite maraiL2edo/ase6obt ai ned
in step (b) into a shaped article; and (d) cooling the shaped article as
obtained in step (c); wherein the thernDpHrstic bi nder conpri ses about 60
wt.%to about 100 wt.% of a thernoplastic golyester, based on the total

wei ght of thrikknder, and wherein the thernoplastic polyester conprises
about 90 wt.%to about 100 wt.% of recycl ed pol yethyl ene terephthal ate. 2.
The process according to any one of Clains 1, wherein the thernoplastic

e s oL 528 BEH B Mot RuR RNt A0 LIAAL AoROLYGhEELAC ducllP
process accordlnﬁ) o0 aime er eim the poﬁy&fefln i's a propyl ene

pol ymer. 4. Thecopipeassa esiriofiltérigd taghé&haiptasc bt 8hid groecspcopytising tiol ynmer
i s polypropylene. 5. The process according to any one of the preceding

cl ai ms, Swher ei nfollpwingsybseqyertsersol id filler and the thernopl astic bi nder

are fed to the eadi i i i r.Aati 1 o about 20
S T re pr (SR S RIG ol o L1 bO o By devled 0 BOOUL
step (b) is per(prmecigs tha sbledficaind the dicrabplasti 2Bidd¢ran abokiicadb@Gicvicé, The

process according to, any one of the preceding clains,. wherejn ste b) is
berformed at a tot ArNEAlL eI YY© SEFTiGhPR ROMFATE Pt aftfomhdlﬁﬁeba&é B bout
109 Pa. 8. The proGas$ndEGat Bifdlr iOinanY rBE oPhbdul @ 00kPs 861hblht 4560 RPa to
wherein step (b) is perforned for a tinme period of about 30 seconds to

about 50m nut es. 9. obwen prrowpssteasdonai ng to any one of the preceding

|ai ms, wherein th i nput . during step (b) .| l.east . about 300 kJ
per kg mt ure 6! CRENRBe PR TR ReoTRRRNBbRSE D AR eaRt 2 orne

process accordi ng tgdany one of the preceding clains, wherein step (b)

further conprises a conpaction step. o
(d) cooling the shaped article as obtained in step (c);

wherein the thermoplastic binder comprises about 60 wt.% to about 100 wt.% of
15 a thermoplastic polyester, based on the total weight of the binder, and
wherein the thermoplastic polyester comprises about 90 wt.% to about 100 wt.%
of recycled polyethylene terephthalate.
2. The process according to any one of Claims 1, wherein the thermoplastic binder
comprises about 0 wt.% to about 40 wt.% of a polyolefin.
20 3. The process according to Claim 2, wherein the polyolefin is a propylene polymer.
4.  The process according to Claim 3, wherein the propylene polymer is
polypropylene.
5. The process according to any one of the preceding claims, wherein in step (a) the
solid filler and the thermoplastic binder are fed to the kneading device in a weight
25 ratio of about 1 : 1 to about 20 : 1.
6.  The process according to any one of the preceding claims, wherein step (b) is
performed at a temperature of about 230° to about 350°C.
7. The process according to any one of the preceding claims, wherein step (b) is
performed at a total shear energy per unit volume of about 10° Pa to about 10° Pa.
30 8. The process according to any one of the preceding claims, wherein step (b) is

performed for a time period of about 30 seconds to about 5 minutes.



11. The process according to Caim 10, wherein the conpaction step is
performed at a pressure of about 5 x 103 kPa to about 5 x 104 kPa. 12. The
process awoantingssBo any one of the preceding clains, wreralR0t0sIdensity
of the conposite material is about 1.5 - 3 kg/nB. 13. The process according
to any one of the preceding clains, mherehgﬁthe shaped article has a
flexural strength of at |east about 40 N according to test nethod NEN

EN 198-1. 1¢. The dﬂb@@@%c&@iﬁ@@ﬁ@é& Mite Ef&e@ﬁg@ﬂﬁnﬁ[%@f&@ﬂm@@i s
wherein the shaped article is a slab. 15. The process according to (aim

14, wherei n t henpwteduaige stopi (bkises scast abone3 &) labpdrkganauire of tiepalid dillgbang 50
m the thermoplastic binder.
10. The process according to any one of the preceding claims, wherein step (b)
5 further comprises a compaction step.
11.  The process according to Claim 10, wherein the compaction step is performed at
a pressure of about 5 x 10° kPa to about 5 x 10" kPa.
12.  The process according to any one of the preceding claims, wherein the density of
the composite material is about 1.5 - 3 kg/m’.
10 13. The process according to any one of the preceding claims, wherein the shaped
article has a flexural strength of at least about 40 N/mm® according to test method
NEN EN 198-1.
14.  The process according to any one of the preceding claims, wherein the shaped
article is a slab.

15 15. The process according to Claim 14, wherein the average thickness of the slab is

about 2.5 mm to about 50 mm.



