PROCESS FOR MANUFACTURI NG A COVPOSI TI ON COMPRI SI NG RECYCLED PET BY

CONTROLLED COOLI NG Field of the invention 5 The present invention rel ates
to a prooweofoorssmanuf acturi ng a shaped article froma ecrpalito@sesteri al
conprising a solid filler and a thernoplastic binder. The shaped article
according to the present invention can conveniently be used as decoration
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wor k surfaces or kitchen tops, bat hrooms, internal and external cladding
and ot her two-di nensional shapes by extrusion and or injection noulding
techni ques. Background of the invention 15 Polyners and bl ends thereof with
appropri ate conponents have been used for many years as a staple nmateri al
for the manufacture_ of short-life consuner goods such as drink bottles and
f ood cont ai higlksof thg jgxestionque to their |ow biol ogical degradability, such
pol ymers; and bl ends thereof are of great concern to the 20 environnment.
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shapes by extrusion and or mjection moulding techniques.

Background of the invention
15

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



30 According to the process disclosed in W 02/090288, the solid particles
and the binder are heated independently (the solid particles being heated
to a hi ghwo 20ewvsssat ure than the binder) and are subseqiemiNIZowioged1at a
tenperature of 230 to 3000C. Mxing of the filler and the binder is
performed in a conventional m xing device gonprising astirrer or in an
extruder. Optionally, a flux oil or an org‘gni c solvent is added to reduce

the vi scosidtitre@br i SAIder. Optiohalli Xt 8il s ah BRAnfcYoIRAt Qradabaredand
subsequent |y cool ed. However, the nethod accordi ng to WO 02/ 090288 has
A

several di stadvaspsigesf theauixfiget bhombdustis then/fonged af skansd apd spleserhenly For
examl e, Exanplie kb YR QRIN0288 126! Re967 hOFIs R A%) MkielSs
performed inh a twn-screw extruder ant® the mxture s sﬁaped rnto a
construct i draéingreiirofiedtk dweih gy feti ovpropettidsg For eoahplt, iPxahipde opeyt WOr ") ,
the construction el enment showed shrinkage cracks which is undesirable when

it is intenPUES disrdoses Haat whepithpmaxing Ay perdemdodicind nseighi ¢xtigeaam ghl y
aest hetic , 5 A o) i r K ps.
0 027 0902600 T Ehor S R o e B B BB b e
rapi dly, prtatepabhiy’)btheqoestalvting clanidnt ehagvedwhtiekagodracks winchh & Undketapla esul t
into poor nmechanical properties. WO 96/.02373, incorporated hy, reference,

di scl oses a" %&dﬂt&ﬂpﬁ?éﬁaf%wﬁmwa OﬁﬁP$‘!u§$l2fPBB%t%P%B}r}I’c$i TSRS PEIC £ r om
domesti c WagfRarahQld¥st Fodls, WASR Work3ufRERI A&l REh TSI R 02/0D6IR Rir@cMast e
material having a plastics material content of 20 .%to 65 Wwt.%is

shear ed® o @sdlosdesitled chaliigngenaodivemettbrbs@ndnrtod ripedly, prefdredy bg queychmiged
with a particulate fill.er. at enperature of 120 t.0.200 QC until a uniform
T xture s B¢ sengachyh farfyREEPRRE e e harCHPRRSEEs Wo o6/ 02373
does not provi de(igs/e1l7s, alketoraePb Rgcehicd, RRcldsaak metRduimanoh AR26354,

i ncorporated by reference, discloses a nethod for manufacturing bul k

product s f ronitippuBescdsildmeeniteatial diomponpsig wasia mglupriabviegc pi eeabiastiotavi ng

a nmean dia I ~Qf . m : | ;] AR ously
Feedi ng {1 nryh i Ty Re PERgL fe Gl g st BRy Bl LAV AR o}
the m xttsur ewn¥s ipklsikdCtompatttrlésslavaipth dibnkerf S0mireor 8ss,i sabsgpadtt @ikeddth
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obtained 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

20 bulk products from plastics material comprising mixing plastic particles having a mean

diameter of 10 mm or less in a mixing vessel while simultancously feeding finely

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

25  product. GB 2396354 does not disclose further details of the cooling of the shaped
product.

US 6.583.217, incorporated by reference, discloses a process for making a

composite material from waste, chemically unmodified polyethylene terephthalate and

50 - 70 wt.% of fly ash particles, wherein the waste, chemically unmodified

30  polyethylene terephthalate and fly ash particles are first mixed (i.e. unheated) and then

heated to about 255° to about 265°C (but not higher than about 270°C to prevent

decomposition of the waste, chemically unmodified polyethylene terephthalate) to melt

the waste, chemically unmodified polyethylene terephthalate. The mixture is then



product. GB 2396354 does not disclose further details of the cooling of the
shaped product. US 6.583.217, incorporated by reference, discloses a
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% of the organophilic clay C12-Mt or C18-Mt is mixed with a nylon resin. US
6.472.460 discloses that the polymer composite material may be subjected to a
moulding process without specifying any further details wit respect to cooling.

US 6.521.155, incorporated by reference, discloses a process for manufacturing a

20  plastic pipe from recycled polyethylene terephthalate and a filler, wherein a mixture of
the recycled polyethylene terephthalate and the filler, the filler being added in an
amount of 2 — 60% by weight, are kneaded to form a homogeneous, substantially
moisture free process viscous mixture. The mixture is fed to an extruder, where after
the extruded mixture is fed to a corrugators while cooling at a temperature gradient of -

25  10°C/min to -50°C/min.

Consequently, there is still a need in the art to provide an efficient process for
mixing relatively high amounts of solid filler particles and relatively low amounts of
thermoplastic binders into a composite material and to convert this composite material
into a shaped article having a highly aesthetic appearance, in particular a reduced

30  number of cracks.



pl astic pipe fromrecycl ed pol yethyl ene terephthalate and a filler, wherein
a mxture of the recycl ed polyethylene terephthalate and the filler, the
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The present invention also relates to a shaped article as can be obtained by steps
15  (a) —(d) of the process.

The present invention further relates to the use of the composite material for the
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 shapes by extrusion and or injection

20  moulding techniques.

The present invention also relates to the use of the composition material for
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 shapes by extrusion and or injection moulding techniques.

25
Detailed description of the invention
Definitions
30 The verb “to comprise” as is used in this description and in the claims and its

conjugations is used in its non-limiting sense to mean that items following the word are
included, but items not specifically mentioned are not excluded. In addition, reference

to an element by the indefinite article "a" or "an" does not exclude the possibility that



external cl adding and ot her two-di nensional shapes by extrusion and or

i njection noul ding techniques. The present invention also relates to the
use of thwocompasssti on material for constructing fl oorspPCTINIQ10105026S,
ceilings and ceiling tiles, wall panels, vanity tops, kitchen work
surfaces, kitchen work tops, bathroons, internal and external cladding and
ot her two-di nensi onal shapes by extrusion and or injection noul ding

t echni ques. méRttRid &k SREE EleRichOR pascht) BnlcsVBB tbRBx tReEd R b @RS tHAehMERP "t O
conprise” as is used in this description and in the clains and its

conj ugat i on@nejandwaddonaof the clesrentsi e indgfisiseawicles areanan’ s ysuakg mcany owi ng
the word an%tkggh%ged, but itens not specifically nentioned are not
excluded. In additron, reference to an elenment by the indefinite article
"a" or "an" dods thtd deot@hétdetHcherpos&ichilbd bylytthaldmertercphthalagsre isofisdde

el ement is present, unless the context clearly requires that there is one
and onl y on@disptergicpledriginatingrifam pirdereimgteephsaticdsec. g abevsragehpttighnd
usual ly ne " S v i t or

pol yet hyl ooy sPharERS orising bOIYE EnCRaUTRRle oBF bREMy ARk Tcftsery o
packagi ng apyl namatpadnghyleng terbgvier@gecogonées sactd af cetinaan todi rapers Jabels,
conpri si ng @pl ethylepe.tere hthalatg and optioqalh¥ ot her qﬁlyestets and
non- pol yet#y%e < &% BTt AR OTen s stidha 4B Rn s s 18¢ R3gHeing

| abel s, gl ugslicthg nBRhIR) BRSOt REABNE&MBh&AREy RittheR idThdY HRYIERPS -
The packag%ﬁ%lgpplications may aPsgaLave nultilé?gre% struétures. hey may

f urt herlO ncvingdeaetdiy | (Evedvinyldn aedtoghe dEkamidenypadycasbrhatet dummaolny afildes,

| bonat | umi ni.um f oj | . ' ti i | qri.d
PG ™ pol Pkttt S I RNV ), YRR Sfrae Aeo ifdop T PE
pol ymers, t@ifdtyrenc, ekt s¥itinf G0 [yek e edxtileSuml PagkayitRgedd Buck Hatlfisndray

al so conprise recycled (polyneric) materials. Consequently, in this
docunent, tdmlicaions mascyled eemposeyeckslbd rolymewphmitarials eConssqpindlyemathlisy a

mat eri al coppri si ‘ 4% L o Y05 hyl -

terephthaldggug%ﬁﬂgggag%% 3%?’5?5&% %ﬁ?gﬁ%t%?@&?%?wng%}g%%§§bhéf§%§nal

t er ephtital ageenipoabent $0 whasedbott 1ddewt.% of polyethylene terephthalate and about 0
wt.% to about 10 wt.% of non-polyethylene terephthalate components, based on the

total weight of the material, wherein the fraction of non-polyethylene terephthalate

components preferably comprises about 0.001 wt.% to about 10 wt.%, more preferably

about 0.001 wt.% to about 5 wt.% of non-polymer components, based on the total
20  weight of the fraction of non-polyethylene terephthalate components.

The term “modified polyethylene terephthalate” is also well known in the art and
refers to copolymers of ethylene glycol and terephthalic acid which further comprise
monomers such as isophthalic acid, phthalic acid, cyclohexane dimethanol and
mixtures thereof.

25 The term “ambient temperature”, although well known to the person skilled in the

art, 18 herein defined as a temperature of about 15°C to about 40°C.

The thermoplastic binder

30 According to the present invention, the thermoplastic binder comprises about 60
wt.% to about 100 wt.% of a thermoplastic polyester, based on the total weight of the
binder. Preferably, the thermoplastic binder comprises about 75 wt.% to about 100
wt.% of a thermoplastic polyester, more preferably about 75 wt.% to about 90 wt.%



total weight of the material, wherein the fraction of non-polyethyl ene
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butadiene, isoprene, norbornadiene or a mixture thereof. 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

mixtures thereof. Additionally, the polyolefins may be essentially linear, but they may

20  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’

according to ASTM D 792. Preferably, the melt flow rate of the propylene polymer is

25  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.

According to the invention, the thermoplastic binder can be used in the form of

grinded or milled particles having a maximum weight of 1 gram. It is, however,

preferred that the thermoplastic binder is used in the form of flakes having preferably a

30  size of about 2 - 10 mm by about 2 - 10 mm (about 0.5 mm to about 3 mm thickness).



ol efins include ethyl ene, propylene, 1-butene, 2-butene, isobutene,
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conpri se wodnw/iesssn, e.g. butadi ene, isoprene, norborna@®iCEML2010/080261 Xt ur e
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ash, glass particles and the like. Preferably, the solid filler is a
calcite bas8dmaterial which may be of natural or synthetic origin (such as
mar bl e) and/or a silica based material (such as quartz). Optionally, the
solid filler may be constituted fromdifferent sources having different
particle siMeiggstepi buti ons. However, it is preferred that that the maxi mum
average particle size is 1.2 nmor less and that the mini mum aver age
particle size is 3 mMmor nore. MXxing step

15 The mixing process according to step (b) of the process according to the present

invention may be performed in any suitable mixing device or in a plurality of mixing
devices. If several mixing devices are used, they may differ from each other and they
do not need to be identical. Suitable mixing devices include batch mixing devices,
extruders (e.g. single-screw, double screw) and kneading devices which are all known
20  in the art. It is, however, preferred to employ a mixing device that enables continuous
operation of the process according to the present invention. Consequently, extruders
and kneading devices are preferred mixing devices for the process according to the
present invention.
According to the present invention, in step (a) the solid filler and the
25  thermoplastic binder are fed to the kneading device in a weight ratio of about 1 : 1 to
about 20 : 1. Preferably, this weight ratio is about 2 : 1 to about 15 : 1, more preferably
about 4 : 1 to about 10 : 1. Since the thermal conductivity of the thermoplastic binder is
far less that that of the solid filler, low binder level increases the thermal conductivity
of the composite material and of the shaped article thereby reducing internal stresses in
30  the latter. In addition, the cooling process can be better controlled at higher thermal
conductivity of the composite material and of the shaped article manufactured thereof.
When the solid filler and/or the thermoplastic binder are fed to the mixing device

(in step (a) of the process according to the present invention), the solid filler, the



The m xi ng process according to step (b) of the process according to the

present invention may be perforned in any suitable m xing device or in a

pl uralitywof2orvresssg devi ces. |f several m xing devi ces aca/Ngew/050dey nay
differ fromeach other and they do not need to be identical. Suitable

m xi ng devi ces include batch m xi ng devi ces, extruders (e.g. single-screw,
doubl e screw) and kneadi ng devices which are all known in the art. It is,

however, pr@tanémesticohigd®! @Yboth HaXidpdiodeNy 6€ stit]adtc@ fAR RS heRREdpUsaY For
operation of the process according to the present invention. Consequently,

extruders a@i@mprh@éiﬂplﬁgedj@_vw&gz/a?&%ﬁ fcerpasatedibyirafrensei dewerar thebienyr ocess
accordi ng tﬁy§Q?ﬁ%f5?@?%%égﬁﬁﬂ%ﬁgﬂ?hﬁgﬂ%ﬁfﬂﬁ%oh8fﬁﬂ%aﬁﬁﬁé%ﬂ%%@ﬂf@&%ﬁ%ﬁ’ In

step (a) the"so ernmopl ast’i’c binder “are

kneadi ng debthde ardardunirgbient @inperatire abonlfedlio thelmixan@botide. 20 © 1.
Preferably, this weight ratig is about 2 : 1 to about 15 : 1, nore .
preferally abodfurthermare; gtepydUt ofi the prpcesy #rc@Tdimg torBe PaFscabHaNRELion iy of

t he therno j i nd ' r o i ' | .ow

bi mder | cval T nsed Ak g€ Rty ilof BRBL BR0: K0 Aol 5P B e el s
and of the tshapetirapf amue270fapabyutr3@UCi ng i nternal stresses in the latter.
In addition, the cooling process can be better controlled at higher thermal
conductivity of the conposite material and of the shaped article

manuf act ur ey hpetigRf - Wen the solid filler and/or the thernopl astic binder
are fed to € mxing device (in step (a) of the process according to the
presentlli nvention), the solid filler, thethernoplastic binder or both may

optionally be bjected to.a pre-heat .step as is for exanple disclosed in
WD 02/ 090335, 1 HeoH e A oy hErlpiaisuan Tt i 5 Sy el st e

wi thout a pétBediRal, keRe of a @ncddiat ddvie: &Rbicd td bbiferm andptiohhe a separate,

t hernopl asti c binder are around anbient tenperature when fed to the m xing

devi ce. Furdiptaratsice; Aseasgingh), the stape(bproddbe raassd pétlisgpicsctievqntios amy
invention i . at e [e. of u : re
preferably ‘iﬁd%ﬁg‘@)g%ﬁ atd r%ngjg Crrtg I{oﬁ%ﬁj‘fgﬁﬂt%%gtgeo‘%otn a@%ﬁ%@@% g£r1:1)0:}1lc ngl?lh ?1{1“)
ext ruderss, dibxdqugntingfte Gpatdih®stepray occur within the sane device. On the
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.

20  Forming

The forming step may also be conducted with devices known in the art, ¢.g. by
compression moulding, wherein the composite material is loaded into a mould and the
shaped article is formed under a load, by injection moulding, or by extrusion, wherein

25  the material is pressed through a die into the desired shape, and a knife is used to
dimension the shaped article to the desired length. The latter method is in particular
advantageous when the shaped article is a wall panel, a vanity top, a kitchen work

surface or a kitchen top.

30  Cooling step

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



ot her hand, the use of a kneading device enables to performconpaction in a
separate, distinct step. Accordingly, the step (b) of the process of the
present iwoentoiasssaay optionally conprise a conpacti on CeNL2miodko2eay be
conducted sinultaneously with or subsequently after the m xing step.
Preferably, the conpaction step is perfor n&d in a conveying extruder which
is operated at a pressure of about 5 x 103" kPa to about 5 x 104 kPa, nore

preferably @fnvah@tal pREcRAINGitRRQUIN 3d&itibhd pkiB@-artF]?‘bﬂééﬁgs Jireert@nrinenst ep
may al so be conducted with devices known in the art, e.% by conpression
moul di ng, whesdeprfagh@acibaypaxsinos veratedi¢ient, inparteeadis depanse thesempigeessanaakhe
shaped article. s for der , . Dject Lo | di
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shape, and & kahfiRcidcdbedht wisdi MbBsagRohtitusBanesh Astukidlgend@ dtiehidabi r ed
| ength. The latter method is in particul ar advant ageous when the shaped
articledis desiieble forphlagioncy apdgppyistengy of produckdeahityvor k sur face or a kit chen

top. Cooling Stﬁapb&ar@@%hauﬁrphaﬁiaa%wal&ynﬁe %ﬂaﬁs%d%&)ﬁéﬂeng acs@minlnéc%ﬁicgﬁd. a
significant inpact on Inpoftanht properties o he shaped article according
to the i nvembpanicasoyld ddygeedyahnpneyedrbyeappl yongtenrinsemgentorodiih g oosditibms
addition, prior art processes syffered fromthe disadvant that. they are
not very et Usin D LYIRE 6 }ngaiﬁagaﬁ?é-elnt%g@lm a@&%@ﬁﬁ%%_@eg o
moul di ng stgpgr L0 aRl IRGoBARRHABE bf thE Stab PRAGEed ihf}foRAGRE AL L 6! l%sslcom d

only be manufactured batch w se, whereas continuous manufacturing would be
hi ghl y Idesi waiping, higherefl xiueil strengtiadgheo neinpteenery stofngfr anduess sgtfadd ¢rgeks| t

ot oper 1 es. cou 4Bt SSiPENE dusated o vy syt fe PubtiPudy Allseleo880 g
condi tions UMM tOYabést NROPSMIihCWoRE HeRtdblg Menhgesbout MoPAhin €4l Bout | t
appeared that cooling the upper surface and the bottom surface of the slab
provi ded i n%@éﬂinpméb@Qtipéfsfgfabl}’gﬂ.t Iqagisabopat HiCngin tiagpetr80F Canigr al st rengt h,
hi gher cormpr essAgc%r&"lﬁé LA Qn\%rﬁgork,ecﬁé sizl 'ilgsalg’r%fe%b% lﬁhickness of about 0.3 cm to
15 about 5 cm, more preferably about 0.5 cm to about 3.0 cm and in particular about 0.5
cm to about 2.5 cm. Furthermore, it is preferred that the slab has an average thickness
of about 2.5 mm to about 50 mm, more preferably 3.0 mm to about 30 mm.
Desired properties, e.g. warping, strength and the number of surface cracks, could
be further improved by performing step (d) by belt cooling.
20 Belt cooling such as single belt and double belt cooling, is well known in the art
and is often used in the steel industry. However, steel has very different properties and
must fulfil other requirements than the composite material according to the present
invention.
Belt cooling is operated as follows. The shaped article to be cooled is loaded on a
25  belt, usually 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, e.g. sources spraying
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
30  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.



According to the present invention, the cooling rate is preferably at | east
about 5C/ mn to about 120C/ mn, nore preferably at |east about 7Cmn to
about 100®Or1v/1288%d nost preferably at | east about 10C RCH/NLQ0RIMSeRA61
80C/ m n. According to the invention, the slab has preferably a thickness of
about 0.3 cmto about 5 cm nore preferabH§ about 0.5 cmto about 3.0 cm
and in particular about 0.5 cmto about 2.5 cm Furthernore, it is

preferred that Ab®r&ihgho RRSprastn@URiAGSn, thé BYNESSingf canRWerfdrMedBY kghbout
50 nmm nore preferably 3.0 nmto about 30 mm Desired properties, e.qg.

war pi ng, stbetinepohinged dohblerehtooliag, whereHcenaceraaRe, siegla Ibaﬁtyeolfiug tpeees
i nproved by form t I | Bel 0Ql | .
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the predentandpgor inyre deahle belg deYipgs Howspers a¢0aling ta dieppsssnt iryentionalséy

article to her6aghed sl ol 930800 BobRld doiRY2lloy, made of steel . Since

steel has an excellent thermal conductivity, heat can be dissipated quite
rapi dly. The r dDeubd¢ béleadolidihss padriccnveagdibatcthothiapked edichys cen e ptdaacedin

speed of the. belt. The belt itself s cooled by external soyrces, e g.
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is used as Ot .adlBRGLEC IS IR tROMIRTE CQEH%@?%&@@ caharas i@k balrgiggd the
cooling water. The cooling water can optionally be collected and, after

cool i ngl0t o Kurthedwsicr éehbl ehgecating grovidesmaary dleailitntvatht teepacoml thathighmesess.

It is therefgore preferred.that the copling i,s achieve usi ng @air, water
of & cobi riNONPPROAH: AbdBdher e B BRIt St SnfikeRiepey
cool i ng canshessReick@predlchycagibd@bslc®oht saRd bdgd@icedoubl e bel t cool i ng,
wherein one or nore single belt cooling devices and/or one or nore double

bel t cool i ng ddwiacdoyblerbeltpoeling degese tha shapsd artipleiinfrall anjo thehwepelowirfaagosy st em
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inventiion, pressute ¢itthé eppeedelt baturad cds@aitly @osleahlcentaed witle del surfgcadexfiboeh i s

used. the lower belt and the upper belt thereby providing an efficient and controlled cooling
of the shaped article.

According to the present invention, it is preferred that the amount of energy per

weight equivalent withdrawn from the shaped article during step (d) is about 100 kJ/kg

20  to about 250 kJ/kg, more preferably about 150 kJ/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 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.

25 In cooled shaped articles, the stress distribution is dependent from the well
known Biot number. The Biot number (Bi) is a dimensionless number which is used in
unsteady-state (or transient) heat transfer calculations and it relates to the heat transfer
resistance inside and at the surface of the shaped article. The Biot number
(dimensionless) is defined as:

30

Hd

Bi=—
L



Doubl e belt cooling has as one advantage that the shaped articles can be
produced with increased capacity, as the product is in contact wwth two
cool i ng bebDt2e10/13885her i nportant advantage is that the waDINL2¢cOSI26Y
process can be better controlled. Furthernore, double belt cooling provides
nore flexibility with respect to the thi cﬁﬂess of the shaped article, i.e.
that thicker articles can be cool ed at about the sane efficiency as | ess

thi cker proghgtsn gaR B KQPltREsRN cacFicial at R kudeddl 6€the! Shapedaviidie (Rel t
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His the heat transfer coefficient at the surface of the shaped article (in
Wn2. K), 2debost @-Rer highekness of the shaped article (or characteristic
| ength which is the

15 Composite material

According to the present invention, the density of the composite material is

preferably about 1.5 — 3 kg/dm’, more preferably about 2.0 — 2.5 kg/dm’.

20  Shaped article

The shaped articles according to the present invention have several important
features. For example, they are characterised by a high alkali resistance making them
very suitable for constructing floors, kitchen work surfaces and kitchen tops. The

25  shaped articles also have good mechanical properties. In particular, it is preferred that
the shaped article has a flexural strength of at least about 40 N/mm” according to test
method NEN EN 198-1. In addition, it is preferred that the compression strength is at
least about 50 N/mm” according to test method NEN EN 196-1.

The shaped articles according to the present invention also show low thermal

30 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



ratio of the volune of the shaped article and the surface area of the
shaped article; in n and L is the heat conductivity of the shaped article
(in Wm Kyo 20foernssshe Bi ot nunber is (substantially) higlrer/Nhexe/0k@61t he
nunber of internal stresses increases significantly which is obviously
undesi red for shaped articles (in particuHrr sl abs) according to this

i nvention. Consequently, according to the gresent invention, it is
preferred t&hmtrabthg WRisabumdidae shﬂuﬁ(ag%ﬁtﬁe%ap&bwuea%anmrcan@d gdcerdht o | ess
than about 5. However, if the Biot number is nuch less than 0.1, the heat
transfer withRiniogass of appieserttingertions wasotirtuelbaindepensient fram theemonlastinsf er
fromthe SW%L@%%oR the shaped article (which inplies that there are hardly
any tenperature gra |ents wi thin the shaped article). Hence, according to
the present invEWd sieped tartidephafyeur@edr thapritdethBr atldinivebesmnfordpaséd h 1 or
hi gher, preferably about 0.2 or higher. Conposite material According to the
present 3 nvERISSHNE sHase PEpdictsy e DiecTén rplstte dyss apd alixiusesyereaf ablis
about 12 et oufIRiRuBE SAGHARY pABOMI AL mafuRuk ShATE. L RRRBE the
article The shaped art es according'to t resent invention have several
i nport ant fwaﬂumgﬁqubmsmxﬁdmhﬁﬂethey are characterlsed by a high al kali

resi stance mnaki very | e for str ctln fI ors. i tchen work
surfaces and kﬂ?ghé‘ﬁt?lﬁ%%repﬁfé ﬁﬁé&heaﬂape aicly g Hab oV fotrion
properties. (| inPRIF WA is abbuti?Ss Rl'h?{oeebeﬁijd Rl nidre %f@r@@l? BOL £ RS a
flexural strength of at |east about 40 N m®R accordlng to'test nethod NEN

EN 198-10. Iaboatdi mimon, it is preferred that the conpression strength is at

| east about 50 N mm? according to test nethod NEN EN 196-1. The shaped
articles according to the present invention also show | ow thernal

expansi on, Eeiplesttle warping and low brittleness. For exanple, US

6. 583. 217, |ncorporated by reference herein, discloses that shaped articles
made fron1conp05|te materials consisting of recycled PET and fly ash showed
a shri nkageExsmiic 29 (100 wt. % recycled PET) to 0.7 wt.% (30 wt.%recycled
PET, 705M.% of fly ash). Incontrast, it was found that shrinkage of the
shaped arti cl esReBoltlaFRUaRDsidcE Gvdiagg didineter about 0.25 mm) in a weight ratio of

15 wt.% to 85 wt.% was processed in a single-screw kneader (Buss MDK 140; L/D =
11; shear rate 450 s, residence time approximately 1 minute; 400 kPa maximum
pressure) at a temperature of 310°C. The mixture of recycled PET and silica was
20  transferred through a die (270 °C) to form slabs of 800 mm by 800 mm (thickness 25
mm). The slabs were cooled on a double belt cooling device (throughput 600 kg/h;
cooling power 29 kW; amount of energy per weight equivalent withdrawn from the

shaped article is 174 kJ/kg). Excellent slabs showing no surface cracks were obtained.

25  Example 2

Example 2 was repeated with marble as filler material. Excellent slabs showing

no surface cracks were obtained.

30 Comparative Example 1

A slab was manufactured according to Example 14 of WO 02/090288. However,
final slab showed shrinkage cracks (cf. Figure 1).



t he process of the present invention was virtually independent from

t hernopl asti c binder content. The shaped articles nmay further conprise

ot her addwOi2omg12883amoNl y used i n engi neering stone prodBCTANL2e10¢p50261 gnent s,
colorants, dyes and m xtures thereof. The maxi mum anount of such additives
is preferably | ess that about 5 wt.% basglg on the total weight of the
shaped article. It is furthernore preferr that the shaped article is a

sl ab, wher egmmmtheszaverage thickness of the slab is about 2.5 mmto about 50
mm nore preferably about 5.0 mmto about 30 mm Exanples Exanple 1

Recycl ed PET and silica (average diameter about 0.25 mm) in a weight ratio
of 15 wt.%to V. a_ sl C r

Ta0: LD = 19; Risdyiet RS RERGENS Glurl DBl Bt RE B D ARE 0 BHIFIRCL c.

400 kPa maxv'vémgm RtiesHUIevt 86 t@ 77 @mrmwﬁceﬁ‘se@m&n Télecrewima@erc(iauss
recycled PET and silica was transferred th rou%ﬁ@a die (270 0C) to form

sl abs of° 80¥DHmIH: IgBG- A shewi iefer@x) 280 gy residense dimgyppigrieatehol SHNgR: a

doubl e belt (Rﬂaid ﬁgxﬁlﬁ}ﬂlg eséﬁx% era@gl% d@"C C’?l?é bl@ﬁosﬂgfvéﬁrthg%l}&

anount of energy per wel ght eq I va w thdrawn fromt haped arti Cleis
174 kJ/ kg). wE«aj:mht €0 Bd.salihe shmtwrm@f mcyc&mirffﬁf:mcbmaxﬂhsqmtzew:sttbdathnmmgha
Exanple 2 was repeated h mar bl e fille terial cel | ent
sl abs showi TPy rErGRS: nels boras ﬁé@Cﬁ%ﬁ%ﬂéﬁg?{lm]é BRAWBIL T2 s| ab

was manuf aCt*ré:HsFeEireaQ& Qrcgblﬂgiﬁé?t (@%ﬁ&@k SyptDBU; W 24002 R stdiOVRMNE rcoolflﬂg"'al

sl ab showed shrinkage crac gure 1). Exanple 3 Recycled PET and
mar bl e IQuarbett Wawebmgeﬂﬁé(ﬂnemp@rammnbt eacrboﬁtthd)c@lmg)balhwas Wedught00r @t i o of

23 w.%to lgggtill\ﬂo'f q[/ﬁewg'osoh%é X Sv?a%cg m; ool i nlgl‘[ee\;vgsc Jbout lfgl mefrrl) (I%lésa%lount of
energy per weight equivalent withdrawn from the plate during step (d) of the process
was about 180 kJ/kg (the cooling power was 45 kW and the throughput was 900 kg/h =
0.25 kg/s. The Biot number was about 1. The plates showed no surface cracks and were

15  not brittle.



MDK 140; L/D = 11; shear rate (max) 450 s 1 ; residence tine approxi mately
1 mnute; 400 kPa nmaxi mum pressure) at a tenperature of 3000C. The

Vi scosi t ywof2otoiesssiext ure was about 1700 Pa.s. The m xt uPeTNL20®@pedoed PET
and marbl e quartz was fed through a 15 mmdi e thereby producing a plate
havi ng a thi ckness of about 15 mm which a4 transferred to a cooling belt
(Sandvi k type DBU;, tenperature at the start of the cooling belt was about
2700C, tenperature at the end of the cooling belt was about 100 C length
of the coolg¢pgmbelt was 8 m cooling rate was about 13C/ mn). The anount of
energy per wei ght equivalent withdrawn fromthe plate during step (d) of
the process was about 180 kJ/ kg (the cooling power was 45 kWand the

t hr oughput s 900 kg/h,.= 0.25.ka/s. The Bi ot nunber was about 1. The

olates Showkd rfd RGPS PARRECHirHie s hapgd S { FemCh arRPObIe AgiHibs s
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solid filler and a thernoplastic binder, said process conprising t
fol | owi ng subsegliewingsubspguentaicppeedi ng a solid filler and a thernopl astic
bi nder to a m xi_nhg L ce: 1.Xi l.ig filler he. ..

t her nopl astic g%ﬂdé§&¥%g?ﬁ%&ﬁﬁ%ghédgg@%ggpﬁgn%g?g%hogl%%ﬂl6%?‘@’naterial
(c) form ng thabyomasid the Rali@fillat anaisthe HeamBpldstidbiat&pin () mixih® davishaped
article; and (d) cooling the shaped article as obtained in step (c),
wher ei n the shaped bfaip@cempgsitgsrtetalat a cooling rate of at |east about

5C/ mn about, .12 i 0, ¥Q§£ [Pl : ' : td he. solid
filler 1:08 t he t(ﬁjér (r)rfn%q}élg tﬂ? c bi lﬁdc?g? hl{hée?gggsuéﬁémw% %{@%E%E?tlb%sg h?pe%f ar%&g’l'he
process accordi ng tamdCl ai m 1, wherein the shaped article is a slab. 3. The
process accor di to Claim 2, erein the slab has a thickpness of about 0.3
cmto about 5 c@? zﬁOO*m%tharSﬁwggar%@e 65 BPIAISE &0 wPRloh whigelcRarfarsd s ei n
the average thickngggoftd at a cooling rate of at least about 5°C/min to about 120°C/min,

wherein in step (a) the weight ratio of the solid filler to the thermoplastic binder

15 is about 2 : 1 to about 15 : 1.
2. The process according to Claim 1, wherein the shaped article is a slab.
3. The process according to Claim 2, wherein the slab has a thickness of about 0.3
cm to about 5 cm.
4.  The process according to Claim 2 or Claim 3, wherein the average thickness of
20 the slab is about 2.5 mm to about 50 mm.
5. The process according to any one of Claims 2 - 4, wherein the upper surface and
the bottom surface slab are cooled simultaneously.
6.  The process according to any one of Claims 1 — 5, wherein step (d) is performed
by belt cooling.
25 7. The process according to Claim 6, wherein in step (d) a double belt cooling
device is used.
8. The process according to any one of Claims 1 — 6, wherein the amount of energy
per weight equivalent withdrawn from the shaped article during step (d) is about
100 kJ/kg to about 250 kl/kg.
30 9. The process according to any one of Claims 1 — 7, wherein the Biot number
during step (d) is about 0.1 to about 10.
10. The process according to any one of Claims 1 — 8, wherein cooling of the shaped

article is achieved by using air, water or a combination thereof.



the slab is about 2.5 nmto about 50 mm 5. The process according to any
one of Clains 2 - 4, wherein the upper surface and the bottom surface slab
are cool edozmul2ssneousl y. 6. The process according to &oy/Nanelo®wsoxsk ai ns 1
- 5 wherein step (d) is perfornmed by belt cooling. 7. The process
according to Claim6, wherein in step (d) lg doubl e belt cooling device is
used. 8. The process according to any one of Clains 1 - 6, wherein the
anount of erne.rgvhepﬁbcé@%gd&diﬁg% ¥} Gt ofWhé ?@e&m thom, Whrrghapgep anthel e
during step (d) is about 100 kJ/kg to about 250 kJ/kg. 9. The process
accordi ng to arspliddélepandyhgitrasmeplastye bipgesrags fedttp ehepdingading dpeee tu waighst ep
(d) is about 0.]1.. out . 0.. ~fhe process according to any one of
Claims 1 - 8, teléglf%tpoélgzl)l'%&%a%?uttzﬁe‘q'shaped article is achieved by using
air, water . arigophbidedsiaototdiggeofandlonclbety paesdimecitisnghicgcianyhone of
the preceding clains, wherein in step (a) the solid filler and the

t her mopllasti ¢ dheraqplastic bigder epmaprasasnahanhgo detvcdoi pboyt wlilyrt-raeif ¢ of
about 1 : 1 to : j any one of the
precedi ng cl ai r}g éar%gellC Ro%ﬁsetél%R%S}%B%égﬁ?%%vg?%gggﬁfg%p%e?ses about 60 w. %
to about 1008.wTRém@bcas htwerding ka€taim &olhgesit e, thdampthson pblgestératoalprises ght

of the binder. 13. The process cordi to aj m 8, wherein the

t her nopl astic ;fi)f%%%?%@ﬁ%??@@ 0(3[9?9 ¢ P@bﬁ@y%ﬁﬁrelﬁﬁ&w: % of

recycl ed pojyettiyl ?P@cés@ra%%w‘i%%attoeanyléne bire 1Ry Pr&ESinaceafil NghéRind My one
of the preceding clains, wherein the thernoplastic binder conprises about O

W . % t ol0about 4Bewmoplasté bmdpodopairests about 8 wtPhéo gravit 6 vt dcoba polpglefin. any one

of the precgdi cl ai s vvh%reipo stecp erformed at.a ure of

about 230 t5-ab prgg?;ﬁ’élccor ing to any ne(oq”)thle %re%eding claims, whereTiI? rgpe%r(%s
performed at a temperature of about 230° to about 350°C.



