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WD 2006/111302 -1- PCT/ EP2006/ 003316 Thernopl astic
mol ding material and nolding el ements containing
nanometric inorganic particles for naking said

nol di n rial and said_nolding ele

Wﬂe?%@g/g?%spar art EP 1387151 Al descrl’ggEalnﬁ%ai 316
m xtures of polyners which hitherto have been
Therimbbbastif omeldhegherabarial 10289 JAP1diRd fichapats

géégginﬁﬁg | faddmélsic ORlnbrYari &/ epureaenkesx popCathk ing
and with The di sadvantages_ assQ iangf . therew th, such,
aaidr goldlineh| BREETREFLt r?;ffdenéglgf mokqing RESMSPESl 77
wBkghtBerdBerough m xing of the different polyner
fractions is achieved in particular 15 by bringing the
m xtures into contact with a fluid in the

BHf)ércarti cal state, e.g. CO2, at high pressures and
tenperatures and then relaxing the mxtures. It is

nmenti oned that the process is also suitable f

. r
ERcoBpotali rijl adgiscnibesorbinpfiat s MStHAH S, Of%orPC’]zSG“erS
ﬁéggﬂ %gﬁg&g?ggﬁb@cf&eeh?ﬁrﬁs@i'bﬂ.@ﬁﬁi._-tlﬂ%rﬁaf 7031366 Bonly

, , ess for e _preparati of r.einfo
Bel ylﬁreﬁ»@SHé@ilﬁ@ePﬁpﬁ&f&&&twé)&ﬁaﬁ%gﬁac aglrrhdpe"rf%jiygsw 5%2‘2 Y
§b}é1p%éke§ﬁab_édmr>eedmwi it poley ndrsa @bt apeprapyderreted
ro t into caontac j t (d

gﬂﬁﬁ?@?ﬁﬂ?caﬁuggatgsé.g%églgbéﬁﬁ%#%h;%{ggéﬁﬁige%ﬁ% of
aefiperantr esoléselari oreighihe ITRASIREY TREISFeept the
8&%558%&5 LR Qs | arBLE 86ngi licatenpardaclies wecticular
I'n~the m Xture. By subsequent, rapid rela tioqfoﬁ .
bie k30 neipcurid i PREBAT @Br apt-CpredSi e diop, ery e 10
HHéIEﬁﬂbré%iﬂ@&éﬂnstaﬁethe.bsobaﬁedasimighumrgﬁamr@$e@nd
in e olymer is achieved, .r.esulti e - ;
E@WP8§ﬁ5ﬁﬁﬁﬁgl§ndst$%ﬁbtﬁgﬁglJﬁ%fykggg @EX?HrSgdit%gn S
henthenddvelbprenttiof vergcsssl | isi nglsgnefisitable  for

:Mcro-lLab: and G{i;GYits Oro ot PES; kB Pabbhculay, for
anochem stry has cone to the fore with its
example, carbon black, into polymers.

US 6,753,360 B2 describes a process for the preparation
of reinforced polymers having improved mechanical
properties. Sheet silicates are mixed with a polymer,
e.g. propylene, and brought into contact with a fluid
in the supercritical state e.g. CO, at high pressures
and temperatures. Isolation of the layers of the sheet
silicates to give lamellar silicate particles occurs in
the mixture. By subseguent, rapid relaxation of the
mixture with an abrupt pressure drop, vVvery uniform
dispersing of the isolated silicate particles in the

polymer 1is achieved, resulting in a correspondingly

strengthened polymer.

In addition to the development of very small
instruments, “Micro-Lab” and circuits or motors, in
particular nanochemistry has come to the fore with its
achievements. Examples are dirt- and water-repellent

coatings, scratch-resistant finishes, novel fillers for
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achi evements. Exanples are dirt- and water-repellent
coatings, scratch-resistant finishes, novel fillers
for - 2 car tyres or paint coats which are protected
fromspray attacks. Cbject_and achievenment 5 The

i ncor poration of nanoscalé,ziﬁorganic particles into

olyneric plastic, is expected,.t [ L. 0
BY* oF gﬂvﬁﬁfﬁﬁeg?a ighlﬁgygge E%ﬁ?ﬁ%ﬁgg ﬁgpgiﬁgray

dteadlos m of key words. 10 Increase in the surface

har dness and scratch- or abrasion resistance

Increase in the rigidity in conmbination with great

Pkietincand 13-hiewemeRe in the refractive i ndex

Eegperature%ingependence of the refractive index
eduction of the (thernmal) expansion _Production_of.

%rijé?c%?%"e?lﬁ%‘i ﬁm Cr%%'%n COFIRGST SGFFAcESS

200 | ppLOwenrent wWiadtie f ise cophavtiegurtdt gisecexperst eto a

in.particular that the nov ' o] : rii :
SRSt POIh e TREC YRR A e n

phopeotn est dfeplestdes, such as, for exanple, 25
transm ssion, glass transparency, colourlessness and
rheol ogi cal and nechani cal properties. On

i neorRFERITM R aAHOSEAT E2CE nbPGARES SpdT cPEEEEGR - °F
meansy9fa 4 hen prosessesc&known to the person skilled in

30 the art, such compoyndi ng_on _single-scr r
bt ReE e FRAERS BRETHUY FReaiPar oEAbhe Bl great
pri nci@kghtides probl emthat the primary particles my

o et O A e e Ton of  the.
SqudE%mEEﬁ%#MWdengéggﬁﬁ%@@@e@%t%gefy%QﬁRﬁﬁﬁxp index
scercgdyustidh HAVEre (thermal) expansion

e Production of barrier properties

e Antireflection coating of surfaces

e TImprovement of the fire behaviour

It is expected in particular that the novel or improved
properties will be obtained while retaining the known
good properties of plastics, such as, for example,
transmission, glass transparency, colourlessness and

rheological and mechanical properties.

On incorporation of mnanoscale, inorganic particles by
means of the processes known to the person skilled in
the art, such as compounding on single-screw or twin-
screw extruders and melt kneaders, there 1s in
principle the problem that the primary particles may
combine to form aggregates in the course of mixing with
high-viscosity melts with reduction of the gurface
energy. These aggregates frequently scarcely stiil have
the positive properties which are hoped for from the
primary particles, or do not have said properties at
all. On incorporation of nanoscale inorganic particles

into thermoplastics by means of the known processes of
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the positive properties which are hoped for fromthe
primary particles, or do not have said properties at
all. On incorporation of nanoscale inorganic particles
into thernoplastics by neans of the known processes of
- 3 the prior art, aggregaf%‘Tornation occurs to an

tent whi ch has to dat ubst ntiall revent.ed
BB BN o TR SIS s oY TR A gh o BECHRG p A extent
dﬁichlh&ﬁsatprmhﬂss é@bsthﬂtp@bpﬂr@Mam¢nugiﬁachlevement

rein Lgrgg%sp$%¥ners havi ng i nproved nechani ca
properties e object was considered to be to provide

HSpibod63s 3RRi BR idesicibeved duiRsased 1A% Hhgs preparation
%3?3%&&@%{?‘?‘?@@1 2 O%awﬂhgh Q'rr@ﬁ.’tdv(‘eﬁ_ anfkedhanical
i ch contain panoscale, .inqr
PEOPSFELEPes THT avmﬁ%gfmoﬁena@%ﬁ?é SR ks %6?3%"1%‘:?"&‘1@
wbt hor&cdgh mﬁpgfggg%gfldmmwi@ parotmpalrmi argith US
escr '
gf’t?glﬁeg?o g?l $ ¥nﬂf%e%2r o4 g’%tl%el r gggggg?téﬁp@ a
poudding mﬁamﬁwiabledlldhm egntteinhenanpgodtepi cinorganic
g%k%gkﬁgbognlgst %ﬁ@d@ﬂédﬁs\MYéﬂéﬂéidﬁﬁﬂ§”ﬁgé§hHMérW1th

ei r ‘geonet Can scarcely be_contr ol
aahéghaprﬁaﬁébaiaﬂu efeBrimgsyl PaFhiglRFgRTAegPEatned-
anhs?tropy in the resultlng properties of the
nodi f e C js therefore 20 intended t
A LR T P b R i R o AR TR T
to0irenkanelihar grsnopewtmcl es. Ahémmth@mma&ﬂananprlmary
%on%ls 851 NoRes Rl e ggyvelopognt, e§£c Ekﬁ%ngﬁgﬁogu%ﬂ(%he

ﬁr nanoscal rnorgani c partl C use urin
phesktips ommglsm%ﬁm% B th fdieiist ggﬁ@eFHY and

geper @E%&c@@yav%'ede@o@l\ﬂﬂiﬁltéa t he prsisidy e neﬁﬁ%dﬂ‘tlcles
risks for humgns. In the c?se of lanell ar é%frtl

SBEH Lt ot G RO AT SheOl STEFELEERY 40 oM dTFuIting

g@&sgbgame@t of dust mmrpaiaen:mgst herdr ys3therefore
oration_inta m xture 6, 15

:}'HI ?nﬁ?gbl%?'n Sjérc?mlsd%to “a &y eca Ter ex l%‘?ﬁt i% \:;.%ver Ce%farly

BamoababealsnofgannonbameléBEthavpﬁgtachﬁﬁ+nun1aspect

2 further problem consists in possible development of
fine dust due to the nanoscale, inorganic particles
used during their processing. Developments of fine dust
should generally be avoided owing to the possible
health risks for humans. In the case of lamellar
particles, _such as, for example, sheet silicates, a
certain development of dust may occur during the dry
incorporation into a mixture, as in US 6,753,360 Bz.
This problem occurs to a greater extent, however, if
nanoscale, inorganic particles having a maximum aspect
ratio of the primary particles of not more than 5 are
to be used, since the potential for development of fine
dust during handling is once again considerably higher
than in the casge of sheet-like particles such as the
abovementioned sheet silicates, which achieve their
properties as nanoparticles only through the step of

exfoliation. Many of the nanoscale particles available
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ratio of the primary particles of not nore than 5 are
to be used, since the potential for devel opnent of
fine 35 dust during handling is once again

consi derably higher than in the case of sheet-I|ike
particles such as the abovéhenti oned sheet silicates,

3o B LT oA SRS, PO 4ty o

ma@ospahmapartp@tEECEQalhdmké14pngmmmﬁsanélué dust. In
ghni;gal i nty S{ %;g[ V\P]Ia%ﬁ sughea geOpRL rn)ﬁo%fslyt he improved

prlnary Parti pronotes fine dust.
addiveires 1 opwiPFgCES Seite  CEMARRIGIN P .rmﬁrnﬂr@dﬂons having

RLeRaLat hafyPr ogegses, fmaaﬂart elr@iprepar abhessts  are
havi ng_5 increasi ngl 8ﬂ5gr|na yﬁgar% I ont nts

ave- P3Pl alice. St t bt&nt Sration of
|f|1h%r &Hus@n i@fcr delsess (hhsﬁu]ﬂmfeeﬂfsé& sdimt tt&tmmr&bljowmént

t f [
blhcr ERBr P EPE 2 Rt RndGi 19 o ovi 0 B BT oCadir e Ts =1e°

ihitehdgdy eboprent. def a korddefmrgusin odr e desprlamwpy of
o &l ycgﬁobgeﬂep-lt_h?co%bbﬁct:ofnﬁléﬁglﬁvzﬁ@ob&eé

process the preparation of a noulding material or
a 15 nDuIdlng conprising a thernoplastic, containing

RaROSE3Ler kBOLEAREGePabYi 6l es, the thernoplastic
being nmixed in the nolten state with the nanoscale

inorganic particles and a solubilizer in an extruder
wtrbheser €or thangperhrapriess wies ard ltcEmeemshedslator a

mou Eitflggerzgoglk:)%itsll gjns %.resegﬂeﬁ% e[EEéJ,tc,and éct}?calnlng

sol'd pres t he supercrltlcal state
benpgcesde, iohaoasder |pﬁéd:uq4q5hatthqﬂéhﬁ%qa1§%t§c being

bt 2RSPALt 89 Atnd Theen eététéf w&ﬁﬁ Xkt liﬁ@fosld@a!’l@»lgihcafganlc
passage of |ess than nto a flash éone a

ﬁéFFlpéeél§@ﬁaﬁbeﬁoﬁPPﬁ12 thénlﬁEbrﬁﬁFﬁF ar A ey
R2BOSpake, IﬁﬁégaﬂréspaahdclEémpeﬁ@ﬂmmtaitafvﬂerch the

ling t di - -
991108 0, OLve Bamul gl a0 JRer Lok e (LBDSEeRted 1o

ppekahng. B30 Vvuﬁetiusumﬁ¥Qﬁ1UaCB@rthétaéﬁtrUQ%¢$g|n set,
8?15&589%9&2@(1 in that the mixture is transported at the
exit of the extruder through a passage of less than 20
um into a flash zone and the melt is discharged with
the incorporated, nanoscale, inorganic particles,
comminuted after cooling to give a moulding material or
transferred into a shaping processing tool and shaped

to give a moulding.

With the use of a fﬁrther extruder, in particular a
devolatilization extruder, volatile constituents, such
as the solubilizer, can be removed from the mixture.
The plastic with the rianoscale, inorganic particles
incorporated substantially homogeneously therein can be
discharged from the second extruder in this manner and,
after cooling, cut to give granules or comminuted to
give powder. Alternatively, the melt can be processed

directly to a moulding.
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devol atilization extruder, volatile constituents, such
as the solubilizer, can be renmoved fromthe m xture.

The plastic with the nanoscal e, inorganic particles

i ncor porated substantially honbgeneously therein can
be 35 di scharged fromthe setond extruder in this
nner, and, . after _copli cut | ve granul es O34
'ﬁﬁﬁﬁPE%Pngi§3rggﬁ5§§¥eNiﬁ§#%E%%elg? t%é nmel t l?g
cancie apr ocessed miulstitly tecwpmbtitl ng Ssthereeplastic
B%%%ﬁ%b%ﬁ {25 her gor e JRlal 654 Or&i APULEi e MiREn @ on,

or a nould conprising a thernopl astic obtainabl e 1
bparReterasess R cdrifthg PEEE iSverPefanic particles

%B%ﬁ%@t &f i ﬁffspbf;wzat Fmame@l@ ﬂ;@;_etzlgmgf par trictleescltan
aving_a proportion of primary particles o re n

58F b§§§&donophetﬂﬁnb5 ?rprPﬁar?rb%?¥¥cI%éE%%C£ggl or
epiiienalllly onohhe nhebernofibpri mapcy paptriméey particle
super struct.ur Whi.C C of. =n MYt hatus030
EP%ﬁﬁﬁyrﬁgrPF%%eg?né%Hq%‘aaggggggggsgfa?%tprégght 10

phemeiry. Thae trodledi.ng ot erdfal aEERIRERE ¢ 0 3%fe Dresent

ipweRtion cap, bepused; hgr theadroduct hesopdingul dongsthe
by nmeans of thernoplastic processing, in particul .
SRVETSLOR, G5 BT B CRoUIQh NS PFAFUCELER. Sfary yiings
%%iCﬁééﬁbngo@uttﬂdﬂmd%m&ﬁﬁﬂfnwper@@eingheihnw@mnﬁinular
rel ates to a_process for .the prep on 2
SR et B0 PA 6P BORBOR G LRI eieg acdhedng.

t her nopl astic, containing nanoscal e, inorganic
E%E&?&ESSoth%hgoﬁhﬁéhhﬁ§n 25 The thernoplastic my

be or “exanpl e, polyam de, polynethyl methacryl ate
plastic, inmpact-nodified polynmethyl nethacrylate,
pelbyeabonat e plastic and pol yester carbonates,

pol ystyrene plastic, styrene 30 acrylate-nitrile

pl astic, polyethylene terephthal ate _
The invention relates to a process for the preparation

of a moulding material or a moulding comprising a

thermoplastic, containing nanoscale, inorganic
particles.

Thermoplastics

The thermoplastic may be, for example, polyamide,
polymethyl methacrylate plastic, impact-modified

polymethyl methacrylate, polycarbonate plastic and
polyester carbonates, polystyrene plastic, styrene-
acrylate-nitrile plastic, polyethylene terephthalate
plastic, glycol-modified polyethylene terephthalate

plastic, polyvinyl chloride plastic, transparent
polyolefin plastics, polyethylene, polypropylene,
acrylonitrile-butadiene-styrene {ABS) plastic,

cycloolefin copolymers (coc) and/or a Dblend of

different thermoplastiés.
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pl astic, glycol-nodified polyethyl ene terephthal ate

pl astic, polyvinyl chloride plastic, transparent

pol yol efin plastics, polyethylene, polypropyl ene,

acrylonitriIe-butadiene-styQ§ne (ABS) .plastic, 35

cycloolefin copol yners (COCO)” and/ or a bl end of

aEL%%e Eggrqgalgstlcs - 6 - Nanoscal e particles

SSCal I'norganic particles are commercially

avallable or can be obtai ned by known processes such

RadSs kil , eXanR] g hieC] p'ﬂeﬁ:tﬂl%lég OCESSES, é&ﬁm@@élally

processes or flane processes glack)

paAddeRle (Plﬁolcéﬁnllle paPERene Bﬂ‘ﬂlsprof:&sses such

exanpl @y of ckAghug) ti @r@&h.@@té.lt_f@i spﬁdms(es 02)sol4gel
Z|rcon|un1Zr0% corundum A120 g hydrOX|de
PRPSEERFS) ° H@mﬁxPESCFEﬁéf apgnlu oxi de (Ti 02),

BaSO4 or carbon bl ack and may have a mean prinary

R‘gr :Z)Iarﬁ ggéfﬁga%&@%%é@{@' %}Xaltrﬁtgt%gmiin%ﬂr I BohBesEaseror |

ving an appr rouid appear ance)
@San@lehe péngendiiem 4-Hm (5980 T Pref ELABFS f ABAP) -

Lk MeohQufid0 Z3, , | NeBathhek! an1bopm Zat@ntHQmimhydroxide
Partlcles haV|n a nean rlnar particle, size

(@akGEbr). | -Phe OTidite! BrefgtH B 47 si B8 -
Bhght, féomah®tn 38Qacko Zﬁﬁ nmj,@r Heass aremean primary

adv eous, | articul | e Ny, T

RE& 1Eﬁ% ‘%a#?g OX%?%gé% n%%é ﬁg%ernlne Q}% ase
pér gmrtslqldsedlawmmeaar eppirorimeasplve nhuns @W%ﬁr@ce)
91,C93C ARG o OF - SxaBhR Of 999h?3§19 GHHARSh1y from 4 nm

m croscope, 25 1 n particul ar of el ectron mcroscope
EPENG2 Gr DBy 1ﬁ(ﬁ%ﬁ?ﬁﬁﬁﬁ%$h§r°@o@ é%énﬁpg H?Iﬂﬁﬁﬁﬁ%#%ﬁs
Bavige’ %Selﬁéé‘ztll yeindrbenaftipdrd i €168 (€igmebOrdr in Sthe

parti cl an i mage ey, Iuatl n nethad.. 30 F

EREASI &) |tﬁlec¥f’ S B 5‘3 & ri} o a%out 380
par t7i2d esn ase peser akéyaﬁvesxeagen@s i rgi \p&ﬁi&ldl&ldmtless
as.,Mke @, | ess regular structured primary particle

The mean primary particle size can be determined by the
person skilled in the art, for example with aid of a
microscope, for example of a phase contrast microscope,
in particular of an electron microscope (TEM) or by
microtomography, for example by measuring a
representative number of particles (e.g. 50 or > 50

particies), by an image evaluation method.

For example, in carbon black preparations, the primary
particles are generally present not individuaily but as
more or less regular structured primary particle
superstructures which may be composed of not more than
100, in particular of not more than 50, preferably not

more- than 15, primary particles.
Maximum aspect ratio

The nanoscale, inorganic particles used according to
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superstructures which may be conposed of not nore than
100, in particular of not nore than 50, preferably not
35 nore than 15, primary particles. Mxinum aspect

rati o The nanoscal e, inorganjc particles used
according to 7 the inventidnare general |y of

2BRr SXERelY, SERer LERL oMy el cRRea L el il At

can %e sed manner as

freaswr ehef e ideemmstign catbpmxaﬁﬁecénrﬁélphéaﬂ be used

$Rheri cal, ghap an§1e-£he dvent iy dis-Pards cwid | Ygeometry
Suitable tor t gr ocessi ng of nanoscal e, inorganic

pRPEPELBSthER ﬁ@ ghengrPfuATadpEREPRati o of the
primary partlcl es of not nore than 5, preferably not.

nor e than r ef.er abl ot 10 th ,

PaPL | C*ﬂ‘é?IFV%‘? ef éfabl QXHE%CH%?ET}Q hafiitley for  the
ﬁﬂgbﬁuﬁhﬁgp&m ﬂahbecaﬂ.et harmrigw:tiy: ppettttbssi baving a
under st ood as, meanj n

PREEESr 330 Ot f% %hrlc}g gﬁrre%}sﬁ%dns Ieng%wheiégI pE gt
herghthahn Seaciy efase@kilive nodt mexsf el |Jar gkt erablY Tot
gbgsn%hgﬂ 35 tpgxttn%umi a}eiﬂre‘ﬁeﬂam VOLRA! doMe than 1.5.

I mensions is” calculate rimar article havin
Fapgmadmas AFPegtwIRth Of °5 riFllﬂean%InggPF‘ SfLCLlLﬁgnrﬁs
ﬁﬁﬁe;&@bo@xfaﬂ%| amepaxalﬂ@anﬁn aspeebnr atnagéblel ergldrive

wi_d 0 . r articles Vi
28pétt © Eatqwc? it t%%nﬁéxe dlf“ or(geogg 1@1@[‘;& ;‘('J {8t and
et ghkar Ior edchcw@a\:@md rattighlat ﬂh@(d@%ﬁq?ﬁel@éﬂeﬂﬁl‘m
#:he %)él mum aspest ragi onk EhﬁeB“ Ry Qﬁrﬂérféj:&ﬁlé S,is
or exanple, not nore than 1.5 or |ess,
paipuélaégdha@epérlﬁ’@ﬁ-’é’ mantdsd e éﬁ%é} %}ﬁ’arﬂrﬁa a?)r/5 —
élolcv:&mtthn ogomt h@ﬁta,éld frae HRE GRS l)bﬁ5lcpa{nt ilelses fr sheeiple,

cates, as use or. ex 0, 75 0
AaVBSFER UM SRRt & ?HE V\}s?rll t:13)ver 57 %’tﬁ? 5 3.
nginamyofpaa&mlemrhavihg @mmomemnb@m ect 5

ticl
Logr gn:[)g?ﬁg[y' Bl o, S oA URXL MR A3PAGLs TddiRea,

tablet like partlcles ‘If the maximum aspect ratio of
the primary particles 1is, for example, not more than
1.5 or less, the primary particles have a more or less
spherical or granular form. In contrast, the primary
particles of sheet silicates, as used, for example, in
Us 6,753,360 Bz, have maximum aspect ratios of well

over 5, in the region of 20 or more.

The abovementioned, nanoscale, inorganic particles
having a maximum aspect ratio of the primary particles
of not more than 5 in the form of a stabilized
dispersion are preferably introduced into the mixture
in which at least 70%, in particular at least 80%,
preferably at least ©S0% or at least 85% of the
particles are present as primary particles or as
primary particle superstructures which are composed
from not more than 30, in particular of not more than

20, preferably not more than 15, primary particles.
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of not nore than 5 in the formof a stabilized

di spersion are preferably introduced into the m xture
in which at least 70% in particular at |east 80%
preferably at |east 90%or at |east 95% of the 35
particles are present as pridmary particles or as

rimar e_super struct ur

Poﬁaﬁ%’f)gn%)ﬁ %6\ Eh partletglu%fg?ﬂﬁgt nor e t an
geneprélgr abtryseott mowog t Havdivs dusrdilivar yoyar ta <l @rlmary
Bar k8 cgar ban BlAGK EpAAt | RS chl NoWRE] M PAldstdhSte,
Fe general 'y present not i ndi vi duaIIy but as pri garﬁ/
parppepé Upebstr UdR eShiRi cH @r e 17 dr2%e ot
gerposeghof ot pREet-Banyl0foti Mndias t itkidhar wf et ifery
nore than 50 greferabl not rmrg than 15 Rprimary
Barticiles: THB prPﬁh?‘?r%ar?‘?‘JéFjec Spet Tt U are 2
Frequentlly cfieapadeetsétic ofoft hehpr epaenaianiprogesycess
and the perfornman char.actgrd. st of .the,re L e
S R e b e Sl
paepechespnprimary particle superstructures and
aggregates thereof. The undesired aggregates of

primary particles or the aggregates of pr. _
Baet itera %Jﬁ#%tw%u@%upa%rﬁe BRAHCG  HEEmaTY

ﬁé@ﬁh@%énaéﬁbéﬁﬁﬁi@éﬁﬁr@@deﬁﬁ%ﬁa@mregaméBCIEhereof The

Rerstryctures gates of . prinmar rticle

BEE T E oo "0 G O s pTHAFSY paPEPGroes TRE Ehe

aggregates aff ppiimeyypapdrciele sapeeS‘EltETGt?mlégS Should

£ansk L. Of DL RN | LY E&f%bgkes Egﬁﬁcggsth§n@rﬁﬂﬁﬂmhry
)

particl € superstructures, requen 'y al'so
rartiple of Spﬁ@rﬁltif#ﬁfiyrﬁ&rt i cPEITHIE LSS uctclfr es PTHIREFY

- gadestfed a&a&egaéescaayoééan1¢ﬁ teo absenamowd  primary

stabilization the primary part | es. _and rlrmr
BartiefeSsuper ter ucPIFEE9aEFFng e st Yof t%ayr%le
paptirstescofiréhe cdnspetsich morduprhigatire pprodedsisng-han

%ﬂgeEn%EiﬁkiaBE%t9598e§§u§é¥gﬁédé¥ﬁ%es, frequently also
of a multiple of the primary particle superstructures.
The undesired acgregates may form in the absence of
stabilization of the primary particles and primary
particle superstructures during the storage of the
particles of the dispersion ox during the processing

under unsuiltable process conditions.
Dispersions

The nanoscale, inorganic particles are preferably
introduced in the form of a dispersion into the
mixture. This has the advantage that development of
fine dust is avoided during the incorporation.
Dispersions can optionally also be designated as

suspensions of colloidal solutions.

As a rule, the dispersionsg c¢ontain one ox more
stabilizers which prevent the primary particles or

optionally primary particle superstructures present
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D spersions 30 The nanoscal e, inorganic particles are
preferably introduced in the formof a dispersion
into the mxture. This has the advantage that

devel opnent of fine dust is avoided during the

i ncorporation. Dispersions Tan optlonally al so be

esi ghated. as .35 suspen3|o Q I
RSP P 4R o LR e B R hond o g o Rénner
shatinlg zers whbrhgpr evertwit het ppi hbrgrpar whékls agre also

g@s' %%%Jt::eﬁr PL W%{lygnr;@fé | gk gpetRERSE! UCA Mk €5 f%rreséﬁ&mple,

arger a gregates in an undes i red
mmmﬁﬁifhﬁﬁﬁrng PHe XY e A5 U iVEer BOLYREER  ©F

%%m odesercglfl;?t eae@§¥@tgvegt diesper sqmdspme,c f oacid
exanpl e,, emul sifi or exa urface-a .
FEE V@@S%ho“g‘ﬁjo?il?c %mgarl atf\}-‘ek%e Y sdfle  is
plongRI16R, C sael (notker.i vatives in which a part of t he

nol ecul e is nonpolar, are known. The di spersion

preferably has a solids content of from 10 10 to 40
iTh.epatitsmt sirorf rwne fieralpl wshasg, by speiigist smtent of Erom

H@N9se @ § HOLGaRE; euRakt 'f%lo%rc' 12The; dpspersitgn wdidhe of

nanosca I norgani.c parti.cl es may be present in a
M@@ﬂﬁ?@kﬁrcHﬁ°§9ﬁ§ﬂcap§6¢&5|qszer 15 in the context
of the invention, in water. Accordingly, it may

g@@hn@%@gé?%g tﬁ%pd g%:?uﬁ%osc ersa%%rgggF% h8§r£bgles

image pendenesyniof isolaubliiqust swhPch The diosper stohupilizer
the %%%os%n%e)%g]or n'ﬁlé)arfrtl]&ér?@ldﬁ pé eraphy water.

preseh ubiTi zer [ qui d r'oom
perpedangily, eld dtdanobPeor ﬁ@Fha@ﬁamHMﬁfchfﬁhn agoeous

%{‘:’]Ll%be'r{é’s%%nal 51‘1?.@ Chad | €BE stRbetabet e alhy edigbersion
oot BBt PP PR s O B9 TR ZSF B exanpl o
the total amount of solubilizer required for the

RIS eS3 o] o ISR Ibddled A M Alod din l SPESI Oles 1
preferably present in a solubilizer which is liguid at
room temperature, e.g. ethanol or methanol, which can
go over into a supercritical state at temperatures at
which the plastic is present as a melt, on application
of appropriately high pressures. Here, for example, the
total amount of solubilizer reguired for the process
can be added in the form of the dispersion. However, it
is also possible to add only a relatively small amount
of the amount of solubilizer reguired for the entire
process in the form of the dispersion. The remaining
amount is then metered separately, and it may comprise
the same or another solubilizer, optionally also a

gsolubilizer which 1s gaseous at room temperature, e.g.

CO>.

The abovementioned nanoscale, inorganic particles
having a maximum aspect ratio of the primary particles

of not more than 5 are preferably introduced in the

" form of a stabilized dispersion into the mixture. In
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is also possible to add only a relatively small anount
of the anount of solubilizer required for the entire
30 process in the formof the dispersion. The

remai ning anmount is then netered separately, and it
may conprise the sane or “an8t Rer sol ubi | i zer,

tionally also a, bi | whi ch_i
0pL1 OBaLLY 250 2o SULNL 1368 WILENCLD 0BREOUS A1 1cast
BanospaééerathgaﬂlClﬁaﬁﬁlCPQSCMmaﬂﬁngl@aﬁﬁxﬁﬁhﬂ1of the
BEREGL1LAl I 0, A (he UM PILLIGIRS Sl 1PN O as

are preferably introduced inthe_ form of
@tfablnalrin arrdisder sTERTHEDIE HE 9F xt B8, IpFter1§s tah grule

desper deatposaz_td | 85ho¥0%oreN e i cobar iat ﬂaﬁ:&Sﬂcul&k of
preferably at st 90_or | ea t 95%

Pt Marss Hiat p?@selﬁfeg?r EE:L p§}°1r| clq_‘éjsarbr yg PTimary
peirffaky egarti cl e superstructures, the latter as a rule

5 bei ng conposed of not nore than 100, in particular

of not nore than 50, preferably not nore than 15,
Boilodkditizexsti cl es. Solubilizers 10 Solubilizers in

the context of the invention are substances whi ch can

: chan%s to a supercritical state at qgeratures at

whileRitheegPastifc it8epr sSuHISHs ePﬁreItc elreniapg are
%Qb§5ggc@% g 1200 e %maﬁgeMﬂd1dfﬁuﬁékéﬁﬂﬂidéﬂlsﬂamé at

ressures, 7 50 har. Pref e
%Qﬁ PF2EPS gFeWPﬂggeq§ﬁaéﬁ' 9 net 1% é%#?‘%s a melt,
bhgrrTDthtaQtuOc oo b Tt omdeeu‘go ZdlﬁJentgaIfiG(é%tlwmsh the

\é\tﬁfpglitlcag:lgh PLESS &5 andd atwes agowhigh 3d€ par.

I's present” as a ne and theé solubi|izer is
ﬁr@§émfedn so}gba léagerc Any ctéaOSﬁ gl chopgepiert to the

%ﬁb%\bbuagvcicab% dfoorrlcﬁzxaffm&ag&&ﬂ@ﬁhdﬁpré&:tlons with

ni trous oxi K t h
G ditol RS FEETT DR aND SRRl oy W Aheitiee RS iC

sai present as a melt and the soclubilizer is present in

a supercritical state.

Suitable solubilizers are, for example, carbon dioxide,
nitrous oxide (N30), xenon, krypton,. methanol, ethanol,
isopropanol or isobutanol or a mixture of said
golubilizers. Carbon dioxide, methanol, ethanol,

isopropanol or isobutanol are preferred.
Processing conditions

The thermoplastic can be mixed together with the
nanoscale, inorganic particles and a solubilizer, at
pressures and temperatures at which the plastic 1is
present as a melt and the solubilizer is present in a
supercritical state, in an extruder having screw
transport, a single-screw or a multiscrew extruder. Fox
this purpose, the plastic can be fed in in a known
manner via the feed zone of the extruder in the form of
a solid, generally as granules or powder, and 1is

melted, transported by the screw or, in the case of
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25 sol ubilizers. Carbon dioxide, nethanol, ethanol,

i sopropanol or isobutanol are preferred. Processing
conditions 30 The thernoplastic can be m xed toget her
with the nanoscale, inorganic particles and a
solubilizer, at  pressures %%d‘tenperatures at which

palprceny ertrlletae, it Fis Sl | hidd ecifirea
bﬁasagrscramﬂ353$mansﬂbrtem@esaMQm@-séﬁém1@¢h%ﬁvlng the -
su%éﬁéggggﬁgft%%%%r cﬁ?rthéhhﬁxEHEgo%ﬁmat@@tP'@%kb% the

in in a known nmanner via e feed z
pheseker ubder BYPI9RE f ofin dhe amedltrd, @Eﬁ%ﬁal?ﬁga. A

g%@%%&%guﬁfzn%?\mﬁfom apdore el Isa@tvc t b@nszmm*:’tectddays 0 ctn‘e:
he case of - scre t ,
Byef Avakly e & OMa it 4 ﬁetroeqzlﬁ]t%gd aﬁﬂ' s%upg g%‘dgfgeqw rEF™
v@nﬁgfaltur @ﬁmmmhlmmam soqper t70t beal tst &3 dfar,
e mxture,are h I [ '
PRE PbrpeRELPhr ok Mokl BOR pRL IR G RSt iher
tba 350 Gere 200 poiBB0BY peater abl p freny 2200et gesired
preﬁ%ragg %P&d§%§ﬂ§3(ﬁnéﬂdaﬂléﬂb$¥ﬂléIb@5Qaﬁabe fed as

rom 170 ‘bar to 230 bar, the respective
20| BHLPPEEr JEEREE P8 AMtaS t ReleRPRAERPT ¢hg 2 Organic
E@i@é?BQFE@'H EMfﬂﬁéﬂsn@Eealﬁ@ﬂpoﬂmﬁ wlesth edsl@ounted
anmount of nanascal.e, i norgani artlcles o b
dAVRE LB dlgierg?%n 3P1§§ &lsper5|on | ango; gnlc
pﬁéﬂeﬂfedl@ﬁmdéﬂumﬁrmaptamaq;pgmprlmhlﬁﬁadimmuhﬁeﬁhe
9&“8%&% of , the sol ubilizer,MBiariNg PRLRkenf in the
grerre procedure may al so conpri se feedlng in the
aﬁpdrspet$¢@h i nSB25Ri t adF e SHIUDI IFFAPPrEEht  BF RS
5&9&5&%%0@& statsudt Lhe eshpblished. process
par anet ers of pressure and tenperature. Pressure and
tenperature nust in each case be above the 20
pretbGat hedpeempurerapd thetciht eeah peesslmce adfovchghe

SPLERLL 2 B0S8 L, P ARPUERR A LiRRCTRL MR- 6B the

gsolubilizer chosen.

Pressures and temperatures can in this case preferably
be selected such that damage to the thermoplastic by

" thermal decomposition or other forms of property losses

only occurs to a very small degree, if at all.

For example, methanol has a c¢ritical temperature of
240.5°C and a c¢ritical pressure of about 78.9 bar. The
incorporation of nanoscale, inorganic particles into
the plastic polymethyl methacrylate, which can be
processed in the molten state at 250°C, could therefore
be effected, for example, at 250°C and 200 bar using

methanol as a solubilizer.

For example, ethanol has a critical temperature of
about 243°C and a critical pressure of about 63 bar. The
incorporation of nanoscale, inorganic particles into

the plastic polymethyl methacrylate, which can be
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be sel ected such that danage to the thernoplastic by

25 thermal deconposition or other forns of property

| osses only occurs to a very snall degree, if at all
For exanple, nethanol has a critical tenperature of
240.5C and a critical pre§sﬁ?e‘of about 78 9 bar. The
30 incorpor.atign nosc |nor

PRPGPRE Ilé’stth-b pIB‘F Brh{l ?r%t Recry %?cﬁé%e%ore
beooﬁfsartedw t her neixtarplst.at @t al 5@8©Can@oﬂ%0 t Rarefwting
g% %Bficggd £aR BE§FEE§ at 250C and 200 bar using

neP Hubi

anol “8s a so I zer. 35 For exanple, ethanol has
a critical tenperature of about 243C and a critica

RECSSHN 2 a2ROUtL B3 daTubihezet NEOhRAGBL ban eflso serve
nanoscale |norgan|c%fart cleﬁalnto t he Iastlc

B8l yRet KA SRARHA vl E&n B8%- € preeEssE e
Eﬁokb@nﬂ@ltparsialesataﬁBOCbanulhbthwsedorngduher with

effected, for exa L d r n
Q?HEﬁBP a8%2° sgPugBF?%ég %g?ftggp %%gFg?émgﬁ °
sol ubilizer ethanol can also serve as a dlsper5|on

ul r | GaPAd ddcbes
an% g&dﬁ?ﬁ% fo EE%l@ﬁﬂ%%q %meﬂé¥aﬁﬁy‘ a PR by

ether w nmet hanol as a
Goras, | Mkt I tﬁgepl CTEORIS R The. r gcRalyethyl

?ﬁ&h{aﬁ%@ét& Rrtef gr aldnp cgardired ﬁtkbmb)zoofocr sto nBbbPAg or

BB Lo B psater YR R PR Y 2080, s

paeterabhy ffrom Z2Z0CCt 800U, n anphrai puEapuf poME250EM
£0C AN P RLESSHEE fgéaﬁ%gnggémmaba&o £85@ AMmar,

preferabicy articul ar
ﬁn0@ﬁ¥8@cuéﬁrtéﬁﬂm)%ﬁﬁ ban &R 8%9r§é§r 1nm§%u?%ﬁqu?r'

PR Sk uson ks ooy s femmaon
ﬂéiéﬁé& séﬂ’dﬂjtE%YtW@Fﬂ%%raQFFEerﬁéggr ﬁ%m &5a3§2ﬁ§%
Ho SRightef emakly i tioe 30Reshopbgshidi spetskong in a 5
&gEi%%ﬁ/ preferably 10 to 30% strength dispersion
(weight/

weight) of nanoscale particles in the same or another
solubilizer, which is likewise present in the extruder
in a supercritical state at said temperatures and
pressures so that a content of nanoscale particles in
the plastic or based on the plastic of from 0.01% by
weight to 20% by weight, preferably from 0.1% by welght
to 10% by weight and in particular from 1% by weight to
5% by weight, results.

Process variants

The process steps can be carried out, for example, in

the following seguence:

i) conversion of thermoplastic polymer into the
molten state
ii} addition of the nanoscale, inorganic

particles in the form of a dispersion in the
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wei ght) of nanoscal e particles in the sane or another
sol ubi l'izer, which is |ikew se present in the extruder
in a supercritical state at said tenperatures and 25
pressures so that a content_of nanoscale particles in
the plastic or based on tﬁe1%1éstic of from 0.01% by

wei ght to 20% wei gh fer f 0..19 b

wei ght tosigé§%§lﬁ%?g%P g% %ﬁ% arFi%%ggra%§%%¥fgg%§Cf
wei ght to tbé&o bygmpenghts results. 30 Process variants
The pLocpSsoatens; 6AN besoar rid Oyt oFc exanBls, | e
the folTow ng sequence: 35 i) conversion of

t her nopl astveeperyreFainEb2Efe nolten state ii)

addi tion of the nanoscale, inorganic particles in the
formof a dispersion in the 13 .solubilizer to éhg :
BOPy e SREt Hi SR g A ST PRE LSS ot 2T g vt
epavELsl oning &tbguamxéure into the supercritica

state 5 The process steps can alternatively be carried
out in the follow ng sequence: i) conversion of

t her mbpl astpuvensymer ofnttdharecr Uar ol tepl ERY¥ eipFp the
si mul t aneols1 PLn SuPseguent nmixing in of the
solubilizer 111) conversion of the mxtyre into the
super &1 t | eaPusEaR@oUy OF) %HB???%%an“?ﬁénﬁaﬁégcggefhe

i norgani ¢ gpatibitiesrin the formof a dispersion to

the ‘supercritical m xt T .
furt het rgo%geE%}?$L§ %&? i&:%%groﬁf§§u§éepslﬁ@8 the

supercritical state
iv) addition - of the nanoscale, inorganic
particles in the form of a dispersion to the

supercritical mixture.

The process steps can furthermore be carried out in the

following seguence:

i}  conversion of thermoplastic polymer into the

molten state

ii) seimultaneous or subsequent mixing in of the
solubilizer
iii) addition of the nanoscale, inorganic

particles in the form of a dispersion
iv}) conversion of the mixture into the

gupercritical state

The thermoplastic can be mixed together with the
nanoscale, inorganic particles and the solubilizer, at
a temperature of 200°C to 300°C and a pressure of

70 bar to 250 bar in an extruder.

The thermoplastic can, for example, be melted at a
temperature of 200°C to 300°C and a pressure of 70 bar
to 250 bar in the extruder, and the solubilizer metered

in in a concentration of 10% to 30% by weight, based on
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. GOOIEIRS ©F . hlfé“kﬁﬁﬁ 0PBEt ICSHPEE SERd I3 8y

20 foll owi ng sequence: i) conversion of thernoplastic
polynmer into the nolten state ii) sinmultaneous or
subsequent mxing in of the 25 solubilizer iii)

addi tion of the nanoscale, inorganic particles in the
formof a dispersion iv) cohdersion of the mixture

to the spercrltl tate 30 T r gpl.ast.i
Eiglem SR TGSt HEr wi £ h|5t ﬁce f}%noggg%eggﬁng%ga W&&?Q
partfieriaed varid) t he $6RubEtirezmrth dpy a’eﬂGhﬁerda{ﬁmeéfSGfon of

%%%sc%lggoqw:fg eSSHES-PEs 40, D@fet QaR80 Rarahdther

an extru her rmpl asti¢c can, for exanple, be
weilidd lazes . t eWpbPlt urld of L12BOEIES 30TCSSHRF 4 2t  seld

Refeatze 19670 PRl  fe2nb-bar in thBeexisutdterandn a
t he solublllzer metered in i centrati C)Ef 108
EHPSTGF By 178 grﬁtatr?asec‘cﬁlbrPﬂme?ﬁ {ihéi“m)rﬁ OE e

trenkR¥ist bengthe( Y byunai ghhy, g@setbesabctcynat)ltm@m/a a

strength b L spersi ney
HEAHS glittes ielnniaﬂ Ss%rgr%’ o(ri"L g)n%%ﬁl Ié,]a%lqg'b |§e‘fJJIE % %?al by
weilghite wics € Qor esrenpaatltyal@IrSOtémt}@r dfur @refsgably 1 to

Ebessu %:wb&gkge %XE%%Q%ﬁlbﬂea 1§UEEéCbﬂEbE§E state,
can teréd in, so that, after renbval of the

quw d and gaseous constltuents, a content of

@%n%cahet?baowgésoaf&fmﬁs oFLto % byo weisghbleo to
in particular 0 pref er ly 1 10

by emartont TeCtaftie s TRea iYL hTHTaat ey, Kt o Caatn
PEOCESS 1ear | mmbrgamlcc s mlrsl:aqug bEEeno 1$r ébar éﬂouldlng
moyldiing mat ¢ %ﬁﬂgr ul £$ t%&o%%%%%bﬂ Qﬁﬁos&ﬁ&éhlred

I'norganic par ven | % 15 mat eri al
AgdrragatRisimary
these cake di spgrsed aggtnoh@1ier m prpfamyry particle
superstructures with the use of the process according
to the invention in one of its possible wvariants (cf.

Examples 2 and 3}.
Passage/pressure control valve

The choice of a passage of less than 20 um represents a
special technical measure which is of particular
importance for carrying out the invention (ct.
Example 1). The measure serves not only for relaxing
the mixture but especially for building up very high
shear rates. The choice of the paésage of less than
20 pm ensures that the mixture passes through it at a
shear rate of 10 000 to 100 000, preferably of 20 000
to 70 000, s™'. It was not foreseeable that the mixture
would be able to pass through such a narrow passage
without technical problems. Example 4 shows that a

passage of 25 pm already leads to unsatisfactory

results.

The mixture of thermoplastic, mnanoscale, inorganic

particles and solubilizer in the supercritical state is
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particles or optionally primary particle

superstructures wth the use of the process according

to the invention.in one of its possible variants (cf.

20 Exanples 2 and 3). Passagg/pressure control valve

The choi ce of a passage of ss than 20 mrepresents a
PaBRpkELal b eal TBaNT @ NLAR | S.PLuRREL | M Blgn o

E&% of carfrying out the invention
Eaaﬂpt;e b leHse tieasi@ wer vesg nofrem| ¢ ﬂ@r tPeIZé)xMﬁ‘g or
‘%:ESmmlx eccpuie§§lo%laﬁ| |2>0 f@f, %éﬂ-&ﬂ%ltip ¥eey Di g to

ear The choi ce of _the passage_of |ess than 30
20 yﬁheﬁéﬁﬁééitﬁ%ﬁsﬁhﬁeﬁﬁﬁ%ur§°5a§ PR GugiPE R @
shean rateuedr 161009 traA0R008xtpuater abme ofnlﬁeuﬁéo in
to,70 OOO s-1., It was. nhot .f.ore eabl fs fluid,
FkBur &3l d e abtelto pasiithr odl suc a nar ot
pagéagelthhmowtanaﬂwhxmh paobbenslesEgaapled Meshdws as

a_35 JRassa ; 5 dy.| S
gﬁ§§9|sfacgb%§ ggggj g#ﬁéﬂ%?x¥5rgggfpkﬁgrﬁ%%g;%ﬁ ehe
narescel vi thnutgamc@mp:arlt ipEodd emrd adolauBignyz &l gth %Tr?ear
ﬁ percritical state is 15 transported at the exit of
the extruder through a passage of |ess than 20 pm
e.g. from1l mto 20 mor from1l pmto |less than 20

- AM ppegterabl yoldtoe 2 it LEYipy Bnt oamnfilash gap is

ves or ex e_a_cont. , 5 h
gr{a ?Fﬁgﬁ,yeﬂse?;p%or.rﬁé:or\ﬁlx ngr tl.Hae %L’Qégtc merplcgton
dt.biketeirquialy afe: hagoa f¢x&m@lesu§hxﬁwlﬂldﬁﬂ §Faté0 m,

;é@é%agggﬂgbeﬁg%' gpatggl nebther @5~ ORSEOUSaHOfw@ASch is

I qul it can pass throug the assa

pEefeuablEchRi SHE FRESFerE Oft 1a Wy HP %e% 1 to

fL@E;@. tﬁfaﬁrggﬁ figcraﬂéﬂamq,i VﬂchﬁVI ngmaﬁoamnuh.lﬁf gaph a
prefera Ise providi ng the pass

BPB: GRmOR At e PEy 5 iy e2FFSRRt it s o

ﬂB]lﬁSmmreferably fron12 mmto mm The gap width is

The pressure control valve exit is preferably connected
directly to a further extruder, preferably to a vented
extruder, and permits let down of the pressure of the
mixture under very high shear rates which contribute to
the substantially homogeneous distribution and the
production of a high proportion of primary particles.
Tn the further extruder or vented extruder, volatile
constituents can be removed. The melt with the
incorporated, nanoscale, inorganic particles is
discharged and can be comminuted after cooling to give

a moulding material, granules or powder, or transferred

" directly into a shaping processing tool, e.g. a broad

slot extrusion die or an injection moulding apparatus
or an injection mould and shaped there directly to give

a moulding.
Moulding material/moulding

The moulding material or the moulding according to the
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preferably in the range from1l pmto 20 pmor from1l
to less than 20 pm preferably from2 pmto 10 pm
with a gap length of from5 mM'to 30 mm preferably
from5 mm to 15 nm 20 The gressure control valve
exit is preferably connectel® ai rectly to a further

ext ruder, ferabl . 1.
SEbESbr R 4, LT Bl PUeRA el s Mg

ver yhhi ghoshear deatesbwatli.ch contribute to 25 the
substanti ally honogeneous distribution and the
production of a high proportion of prinary gartl cles.

Thet heohLAihgr TeXEslidey GF véRSedMeRLALHET , COBFat T e Eh©
ﬁgﬂégbhﬁéntingﬁﬁaﬁﬁcr Q@leﬁheﬂﬁﬂtexﬁmﬁldiuin amounts

i ncor por at ed, nanosca i nor arti.c i
A s Ciaon: HH B o S RuCA aPY ol OBt ng T g TR
arsul @1 Bt @fé:ﬁdbt glt:anul@a% (0194 pmw:@hn;, oin particular

rans ed directlyc-Lnio i ng processing tool,
%?8?“ gt% 3agelg E ¥:ex ruéJ on gpgleor an inj ection

nmoul di ng apparatus or an injection nould and shaped

here. rg+§f&£ y t%a%'ta]s‘f‘ialsf’ 8r Moyl ngmomamgng contains

materi noul di ng The noul terial or th
RBUPEFAY Sac CEINIR D Pﬁétlciésn%w&rﬁq oh é’r’f&’portlon of
ELARES] ﬁ%ﬂdﬁﬁgﬁw&aﬁkl@ak§ qhiraiirdld esutbyrétmuctures,

process descri bed.. The t h
DT et e 1S DB, AR B BbrtNEnan soe

peefiechedy br aexamplse, 7i5% anpumay tisfuliaomip. s hy? 0%
t t ef bl fr b
%@15% %ﬁ%y ryvﬁlég}% pref etabl vy fryp0.i14% bf the

t tol In particular from 1% by
mrghplﬁé_ 5% by weight. 10 The noul ding material or
t he noul di ng contai ns nanoscal e, inorganic particles

havi ng a proportign_of prinmar articl.es or_ pr 'S

Bar PPEOS CeFe PELTICLE e T ereeyds Ctt1 papﬁe£ IJletgal or¥ the

$ﬁ?ﬁﬂlb§ efimne that 50%s, pagbeeabtysofaae |amsticles
gfkh ﬁgiéCU| r @&ol%ﬁ§tm89%’primary particles. For
example with a proportion of 90% of primary particles,

10% of the particles are therefore aggregates.

If nanoscale particles are predominantily present in the
form of primary particle superstructures which are
composed, for example, of not more than 100 primary
particies or of a smaller number of primary particles
(e.g. in the case of carbon black preparations},
aggregates are particles which are composed of more
primary particles than the primary particle
superstructures and in turn generally consist of a
plurality or wmultiplicity of aggregated primary

particle superstructures.

For example, with a proportion of 90% of primary
particle superstructures, 10% of the particles are

therefore aggregates.

The proportion of primary particles in the totality of
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15 based on the nunber or sumor totality of the
particles. |If nanoscale particles are predomnantly
present in the formof primary particles, aggregates
are particles 20 which confjést of two or nore primary
parti cI es. For exanple with a proportion of 90% of
PLLMOLY, PArY I Cles.; 1% Qf ot e Panld Clgs at e Ller sforge
aggre% fhanoscal e particles are predom nantly
preseny marhecl@s separotrpetuney panrdi cte aggregates
SHRELSEN %ahurb%s M Shales KpmPrsederkoh examke i9f the

not nore than 100 prlrmry particles or of a srmllet 1
Atkber fc?fr pr PRAFDLBart "EItds  FRSg. FHF t HRF calB ofoPtica

ﬁ@&bﬁﬁcbb@?k BE epaﬁatepééﬁr%%ag@i@g@see:p@r el ql;'mn): i ades by
ich are co nor e | mary par t :
?‘ﬁSIBFPWﬁWa%EVU cl gorsupe?jéﬁr\]xg{:ef ur e Yand %lﬁé}: %lﬁgﬂ a

: gepeeabhyatmnm stundfera ofil wattigles rel.oi-pl?eitor o 50

§g9£§?§gg p%&“&ﬁylmggétésgfyéggéé %&Hﬁ&&fes 35 For

a proportion o primary particle
superstructures, 10% of the particles are therefore

288r egﬁéﬁﬁopirg@ti?é()p@ft|@lﬁ‘e0fm&£1dfﬂﬁgy Qﬁd’iéﬁlzﬁﬁ igx t hthe

total ity of 17 prima articles and.of th
B9HtegaLes P&refteﬁfé‘b ri n‘é‘?‘?gbg‘?’?? cl BRLQEEPSEr uctjlﬂf’r‘ogsq‘m”"C

Qaﬂtibeeaggﬁﬁgadzeﬁ ;taim:raaﬂfescaﬁnab&n@et er navedmby tdwpect
g% 2N led Ln the aftlc ﬁ 'H”ﬁ%sé“ﬁ'ﬁﬁéé%é%é%ly

3R 8 t| a8 ner §8c 658,15 ectron i Croscope
£TEpsor 2bypant cml@nbgrapﬁ?embly exbnprat by- 5.
evaluating a representative nunber of particles (e.g
50 or > 50 particles), by an inage eval uation nethod
Y®eThe thernoplastic or the noulding material or the
moul di ng preferably conprises nanoscal e, inorganic

articl .prinma articles haV|n e
Faei o0f Q4RO BEre6tal o bPE Al P S sy 18 Can e
psefier abry th¢ musédctipamt i cll aanIylc;)I@&ar dhf y metangpstof
%hgrmoplastic processing known per se, in particular

extrusion, injection moulding or other known methods of

plastics processing.



10

15

20

25

30

35

15 Use The noul ding material according to the
invention can be wused for the production of noul di ngs
by neans of thernoplastic processing known per se, in
particul ar 20 extrusion, injection noulding or other
known net hods of plastics %goéessing. 18 - Exanpl es
Exanple 1 (According to the invention - 10 pm passage)
5 Experinments for dispersing nanoscal e, inorganic
pxampdess were carried out on a |aboratory extrusion
unit consisting of a single-screw extruder having a
screw di aneter of .45 mm and a screw | engt

Egagpieafgd AC6RREAPE EPUFPRe AT PREAE s Cr EQtPBEE?ge?

having a screw di aneter of 45 nn1and a screw |l ength

of 24 D. 10 kg/.h of p met h nethacr te

FEPEFLRF B0l 8T C g 6% A 911 ’ of rr%%ﬂ%%glc
tarfrechaer wate aacfr4%dbyowm| ght af ledchradoyivat @ftagsion
danuEondigeled 'k e Leghaoneral (DRI, having e

ReFude? ns of ‘a gravinetric netering device.

Attrem dh@w@g@ﬂre@lﬁs 4hennophdsei eCiert Liengitesdnt3® Evend
ge%l'i%@l lo -ic PR ed 'ﬂ‘d&ﬂelle @ﬁﬂdl@-@cﬂ‘éw ae:ﬂ&ﬁﬁhd[& Zeeing
0 consisting of a caV|t %hsfer raé N%

Ae&Rserf A1amrerEr Phg? EUWB QF a2 pF€§§Wri B2 fbéﬁ Bnd
in an anount of 2. O kg/h In a further m xing zone

SBLSB of f TE e T  Eerin

hawvilggea prlcmawlzﬁngartu%ﬂ%e sitae ofwesmgm andef methyl
?% Qg?}&%&%ﬂ léla“@gof &heweﬁ?@herarpr%étﬁaéﬁypétépssas

S pumnpe into t extruder | N _an ?m)unt of
grankdeR By endads ter e eﬁ&nrzég’fﬁ iR gt b, S8 yder
BX/eS sidb@ sCORr Ola vajx\earmmdwasn@térm cydéwnikd calAfter

val ve insert is, nount t the d of. the ex
QOWQQ98688§|t|5%eEWO%g@S€ Cthémggfve $t r oRE, gaﬁgggséQ%NA

methanol is pumped into the extruder in a mixing zone
consisting of a cavity transfer mixer (CTM) by means of
a metering pump at a pressure of 200 bar and in an
amount of 2.0 kg/h. In a further mixing zone which is
likewise equipped with a CTM, an agueous dispersion of
25% (% by weight) of nanoscale 8i0; having a primary
particle size of 5 nm and a maximum aspect ratio of the
primery particles of lesg than 2 is pumped into the
extruder in an amount of 1.2 kg/h by means of a

diaphragm metering pump.

A pressure control wvalve which has a 3 mm cylindrical
valve insert is mounted at the end of the extruder. At
a valve position of 80% of the valve stroke, a passage
of less than 20 um, namely of 10 pm, is established,
which leads to a pressure level of 200 bar in the

extruder. The measured melting point is 250°C.

A direct connection to the downstream extruder is
produced via the pressure control valve. After passage

through the shear gap of the pressure control wvalve,
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of less than 20 }im nanely of 10 pm is established,
which leads to a pressure level of 200 bar in 'the 35
extruder. The neasured nelting point is 250C. A direct
connection to the dovvnstream extruder is produced via
t he pressure control valve. LAfTer passage t hrough the

S f _th

PiRee JPBel M oGT Gk roeroRaRt g BLYR, spetd, PN cne
miixture offpolnaiemersol ve@lvemfat er Wahérnaﬁﬁcalf@noscale
&Hg&g%@&& pﬁéftfféfés' NI RYAERES hehekBihS E%p&!}&%hded

volaatil e fractions are vaporized_ and are t
gngf thei ¥aledidey ofzr 19 | BFE oV APPELESEf 2Pfle 2TC ¥len

gg‘s]‘g][ yder itonrt%\ﬁ@l/a?Llﬂliidltiﬂirh gcﬁriﬁ;{]@és ab€ aper abedraler .

I fferen ressure levels and are_se ed. by v,
F@Ehrﬁﬁ‘ﬁ&;ﬁ 1A SRR mEPTRE t 2 TD RS ng%'tm%iés%:/% ?éfé%‘éﬂt
ppesgapkcléfepar bhdl escandphreeddf ppnvabeumot athhelogy .
fractions is shaped into extrudates by nmeans of a

die, taken off via a water bath and cut by nmeans of a
'@hanulmlﬂmeﬁhe megranuCesPrhginebt aRFRASeRES | nj AT ERRIC

%ykgsﬁegn 2naBattent el BA 35@ Chbiaiecti opradul 6hag is

chine to give 15 snmal| panel s havin the di.nmensi
615aped01set3 RiFC PRt eg| ?Vr PEaFoR Lot efo via
b NGFLad Cb§tﬂ2 fed t icol-esby Omdalne sofl la pgnahalwasr The

I nves ate ns._o 2

Ho5raUaR o EEPE (HPERTaRTe et HETLREr 1O nfaoFlged on

Bautdaﬂebdnehs.’: 50N COi ecnaleC|tns>peetQUd4qhntghewsﬁ’ame pehelive

§H$leg)la¥eg_%oqla[qﬁtr{1gfa&h@ragﬁéﬁé§§n°f65t he £§ K {BNGm. The
eri th's tur bi he prqport.ion of

BLERILDupaPRi <§>Ifest Eba@@@O%ﬁab?l ABPFIBRAC iy HfFDisles

8HIr gat %ﬁbalqagpgﬁeg§t &fdd nedvbyrevakuat img eleestsr onf a
m crographs and is about 85% Exanple 2 (Conparative

@%féﬁﬁ %Opevvlthout passage) 30 On a Leistritz LMS 30. 34
twin screw kneader, 10 kg/h of a pol ynethyl

e asale o e R PBRERREG, V15, L7 ! | Sl tbrion
moulded panels. On visual inspéction, the small panels
show very good optical properties of the starting
material with slight <turbidity. The proportion of
primary particles, based on primary particles and
aggregates, can be determined by evaluating electron

micrographs and is about B85%.
Example 2 (Comparative example - without passage)

on a Leistritz LMS 30.34 twin screw kneader, 10 kg/h of
a polymethyl methacrylate moulding material (polymer
comprising 96% by weight of methyl methacrylate and 4%
by weight of methacrylate) are fed in the feed zone of
the extruder by means of a gravimetric metering device
from Engelhardt, drawn in and plasticized.

1.2 kg/h of the agueous Si0; nanodispersion from example
1 are pumped into the extruder by means of a metering

device consisting of an injection valve, a pipeline and

a diaphragm pump. The mixing zone of the extruder into
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by wei ght of nethacrylate) are fed in the feed zone of
the extruder by neans of a gravinetric netering device
35 from Engel hardt, drawn in and plasticized. 1.2 kg/h
of the aqueous Si02 nanodisgﬁ;sion fromexanple 1 are
punped into the extruder by ans of a netering

GRYLES SRRl e AN L S6L L A0/al v SpBLOBbRC s

RPAgM e mxing zone of ‘ext ruder

nhkdng0 elsmiesttst hendahogaspagsiindks piepegchdeving the

Lp ' i %1 Rg € s &adi NG btrekspd@ion
gg%#eﬁﬁ%ﬁ%%ﬁga E%%%B%bséﬁg%gﬁhiEﬁﬁgkgffe t,.as kngan
sbithedperson thyi| pEd i Ptthe 5??0%%“‘?%%om]¥nde‘ﬁ"wder
exbpuders .5 suppliers. In a downstream
devol atilization zone, the volatile fractions are
renoved and extrudates are drawn by neans of a die,
caol £d,d@nadtk otdans idegyod egridndeation.  $Onghe ghanwesatile

bt ai ned were inj 150 I d [ '

SRARpI e fbogr el Al Stitdateg B¢ gl By megns
theal dieer coetedassrdsedtvisias| §. 9rfReva2E9Bly | ar ge,
aggregat ed, nanoscale Si2 particles 15 are clearly

recogni sabl e. The proportion of pripary. particles _can
Beed et &S byO]é‘g%’r%%@i n@’eé-’leectjr%ec%‘@'?ogfngﬁhgegnd as
agsgghg@QZO%? E@yaﬁ?1é3(ﬂmfe®diggvéo shelinvemrtneds - of
ocessing.of - 20 t ranul es. fro )
BEotict bo dTPed ™t o Ex e 2 e f SdBroth Korree s
Rbeaf tedlyoiergfe t heggxegated, onanhecadfodiisherinig cles
Lt LN ; 1 tB8 of primar
R R S e T BT opPes PRerst Primary
CorFespendi Agnt obe ex@pprEmIned Pk g/H dfudictandtl e on
AetergdabRtOahbei sf besbwakng zone. The set
paraneters of pressure and tenperature were identica
to the set values used in exanple 1. The granul es
phanphed3 WwehReconfitnyi o nthée ddavedtiongivepraakksing of

panel's. TheyLnjechi 20 "PULA BYS-PiQdysed

The product obtained from example 2 was fed at 10 kg/h
to the feed zone of the extruder on the nanodispersing
unit according to example 1 by means of the gravimetric
metering device installed there. Corresponding to
example 1, 2.0 kg/h of methanol are metered into the
first mixing zone. The set parameters of pressure and
temperature were identical to the set values used in
example 1. The granules obtained were injection moulded
to give small panels. The injection mouldings produced
exhibit virtually agglomerate-free, dispersed
nanoparticles. The proportion of primary particles can

be determined by evaluating electron micrographs and is

about B85%.
Example 4 (Comparative example - 25 um passage)

Example 4 corresponds to Example 1, with the difference
that a passage of 25 pm 1s established at a valve
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exhibit virtually aggl onerate-free, dispersed
nanoparticles. The proportion of primary particles can
be determ ned by eval uating el ectron mcrographs and
is about 85% 35 Exanple 4_(Conparative exanple - 25
Fg1pa$??ge) Exanpl e 4 corfeéponds to Exanple 1, with
e.di.fferepce, .t hat. a_pass f S tab
3953%68Fveof p% pggitF%% 6%%§6/6§%§P g'vaﬁ%eﬁséézﬁgglmn
6ameld@ex 8rempiedmtéde s e iy oBuemnlasli nbExakplecion

DYk Ak 86 ffbm mpuldi nep fioim t becghasul esmpbhakneg and 1y
are vistalTy assessed. Larger, aggregated,, nanosca
seeesparti diag s ar@9grearFydvi SPBIPEC=FRe S Bpdray orfLes
g%%t hg%e&kw{yvitmié cl el&:es:awra];@odegamm ged tiye primary
uating electyon _njcrographs, and is. bel ow 35%
ERAIHEASS (EaBsi HS GOPESRUEPFE) PHO THeLXdueids olectron
dii speyskphsohndanesballewSE62.f rom Exanple 1 can be
replaced by a colloidal gold solution, the so- called
Cassius gold purple, for test purposes. The coll oidal
gshopdel bt (6asednsapnidHPOXRAG)t he el ements 15 Au, Sn
C and optionally S1; the starting conmpound is
tetrachl orohydr ogenaur at e, (HAuCl14)_ and, has. a dark red
BheplReisons ISR SITRe CCRATCHWF Pk g™ i 1
tant e pessnicski bled idoiheidal . gdhe sadosdahe gbled so-

particle resent predom nant |y i he, f 2
Ry SAPELEF o Bl I Than 1P miry paPtLRTecs s
cplilbédrangmlaf 20160iom chudaimsr daedandr rRE ohleents

agar @}atgf LAgt %%tﬁ%hla_qil@alsl' golde $eb¥tifl i®mpound is
iI'ndi cat e bé a colour change to blue or brown. 25 In
thsrpcbiedorrdseesranrgteo EHeGnY e nas of e

3ecendingxto B e the t heasgohd” gpadt pakederarie known
met ha | ate_mat ri

£6r RrPFESTR SKatEni It FOR P nerbegreRoarats gold
PRMticles present are predominantly in the form of
primary particles having a mean primary particle size
in the range of 20-30 nm. The increased formation of
aggregates in the colloidal “gold” solution is

indicated by a colour change to blue or brown.

In the procedure according £to the invention, for
example according to Example 1, the “gold” particles
are incorporated into a polymethyl methacrylate matrix,
for example in a concentration in the region of 10 ppm.
Lamellae are produced as in Example 1 by injection
moulding from the granules obtained and are visually
assegsed. A dark red to purple-like shimmering
polymethyl methacrylate injection moulding is obtained.
The wavelength spectrum shows that the position of the
absorption maximum in the range of 500-580 nm of the
polymethyl methacrylate injection moulding and of the
colloidal starting solution virtually correspond. This
may be considered evidence that agglomeration of the
primary particles originating from the colloidal “gold”

solution is substantially prevented by means of the



Lanel | ae are produced as in Exanple 1 by injection 30
moul ding fromthe granul es obtained and are visually
assessed. A dark red to purple-like shimering
pol ymet hyl net hacrylate injection nmoulding is
obtai ned. The mavelength“s%%cfrun1shoms that the
- position of tge agso tion _maxi.mumin the range of
B56°588 ART8F“tHE 38 %gﬁyﬁ%Yﬁ? *Wet hacryl ate injection
noul ding and of the .colloidal starting solution
virtually correspond. This nmay be consi dered evidence
that aggl oneration of the primary particles
originating fromthe colloidal "gold" solutionis
substantially prevented by neans of the - 22 - process
according to the invention. WO 2006/111302
PCT/ EP2006/ 003316 - 23 Patent clainms 1. Process for
the preparation of a noulding naterial 5 or a
nmoul di ng conprising a thernoplastic, containing
nanoscal e, inorganic particles, the thernoplastic
being mxed in the nolten state with . the nanoscal e
inorganic particles and a solubilizer in an extruder
with screw transport, 10 pressures and tenperatures at
which the plastic is present as a nelt and the
solubilizer is present in the supercritical state
being set, characterized in that the mxture is
transported at the exit of the extruder through a
passage of 15 less than 20 pminto a flash zone and
the nelt is discharged with the incorporated,
nanoscal e, inorganic particles, conm nuted after
cooling to give a nmoulding material or transferred
into a shaping processing tool and shaped to give a
20 nmoul ding. 2. Process according to Claiml,
characterized in that the nanoscal e, inorganic
particl es consist of :
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indiumtin oxide (ITO, silica (SiQ2), alum nium 25
hydr oxi de (Al 2(0OH)3), zinc oxide (ZnO, titanium
di oxi de (Ti2), BaSO4 or carbon black and have a nmean

rimary particle size in the range from4. t
%@ §.00%r/&éé§’§)2accor ding to CLaim 1 or 29@%1%%@?@4@@% 16
in that CO2, N20, xenon, Rr%tﬁn, nmet hanol, et hanol,

i sopropanol or isobutanol or a mxture of said

%%]tlé%” IZ8L$.d S used as the solubilizer. 35 4. Process
accorg'l ng to one or nore of Clains 1 to 3,

characterized in that the nanoscal e, inorganic

parti ¢hes.cake fdH radueatddr-diied e Hfmeuldispenstonial
into the mxture. .- .2 5. Process accordiglg to q(aaimc
4, ch&Fact &ri zBGUilAINEhat COMRYHFLPEr si dn hELEH ST <
cont egbnehinitheg SRfMdealed,ghtirefrgwanas caba; tiaiorgani the
particles. 5.6. Process ac ' t -
R g o g e
i nor gahiec  pEamd et @le havingraemdXi nuppaSpedesr at idecof 2
the  @chiReY 1patt | 6l e 0fe Ak eyt BAN ke tsadsne,
are introduced into the mxture in the form of f 10, .
st abi PE2EFUIRSpENSt GETRETARUERSat Y SaCy RDIPIIRILC 18
parti ghegeare 4 esenl18S Hid MKy palubélesesr iprpresent
parti ¢l e superstructures which are ¢ osed _of not

nore tHan 3B%fri na?@p%]%ﬁ’lf]}r%t%agl. 15 Sfa%gfoceggmg set,
accor dhagateecanieedr ivor ¢het Glled nBiAttoe6,is transported

Chara%keahﬁfdekfttgéteﬁgaé%5¥ﬁaé%09h9gugﬁea passage of

nanoscal e, " 1norganiCc particles 1s present in a |iquid,
whi chliessndthea 9 ubh | izee acédprahngors a(lﬁldaiq%ei.m‘%(? 1s
8. Pregessaaceer dipgcho Gral m {ncekpbasted zethdibscale,
that the dispersion js present in \Qater. tQ Procgtss c
accor dPRGIEB 6nPTT E Hot e of CEPEIRE LY AT cooling to

give a moulding material or transferred into a
shaping processing tool and shaped to give a

'moulding.

2. Process according to Claim 1, characterized im

that the nanoscale, inorganic particles consist of

indium tin oxide (IT0), silica (S10;), aluminium
hydroxide (Al,(OH)3), =zinc oxide (Zn0), titanium
dioxide (Ti0;), BaS0Os; or carbon black and have a

mean primary particle size in the range from 4 to

999 nm.

3. Process according to Claim 1 or 2, characterized
in that COj, N,O, xenon, krypton, methanol,
ethanol, isopropancl or isobutanol or a mixture of

said solubilizers ig used as the solubilizer.

4. Process according to one or more of Claims 1 to 3,
characterized in that the nanoscale, inorganic
particles are introduced in the form of a

dispersion into the mixture.
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25 characterized in that the dispersion of the
nanoscal e, inorganic particles is present in a

sol ubilizer according to Claim1. 10. Process
according to one or nore of glains 1to9, 30
characterized in that the fP&sh zone for expandi ng

mxture is_a further scr ext ryder .
§CCor&%ﬁ§eﬁg Cﬁgcﬁffbngchgrac erﬁée% ch%%gg%%g g%?leln
constnﬂuﬂnt@m@rélspﬁnsednb%aﬁeahsS@E1d%5¢@hée§écéﬁﬂ 5 to
ScrEWf t&%d%%lg%% I 0GRS AACOr 4R qha i dNhaek iEhakms

haracterized 1n that the tﬁérnnp astic is
polyan1de _polynethyl nethacrylate plastic, - 25
igTpactwiRdisll Q- Realavmet B ot hacmdmad st Claims 1 to 5,
polycarbonaterplastlc .and qgu%ester car baonat es, . :
pol yst StYr endiHer yI B2 ?ﬁqf?1e inorganic
p: ast Ip%xtritasll)e%t hly(heﬁ]ﬁgt er ephtdiahat ecagpast | satsio of the
gl ycol -nodi fi ed oI hyI n e t t
pol yvERyT ¢RI (?rllﬁ; é§1 ast |€ = éaﬁgggr gﬁ%‘ﬂ g’o a;/llo égd and
plastﬁce;mﬂ@nﬂdwd@melnpglybﬁoﬁWWﬁﬂ?e in"ehd form of a

-acryl qniy %Jr '1'&&8{“%%%&% %&N&%ﬂ%ﬂﬁ@ﬁ)atpllaééw 70% of the

cycl ool etin _copolyners (COC) and/or a blend g

di f f ePEAtEiCHEPNDPIFESt PESSCES. PFOCE%%m%E¥orB?ﬁbl? eBne®*
or nopRighryl al Parkilde 13 s@wmwmm i n siiath t heare
process steps, ar.e arrie the f ol
sequeﬁ@@pofgglffcgﬁ eP?F&nt% ﬁ@r Pas¥|§g%gg§%gf
into the nolten state ii) addltlon of the nanoscal e,

lnor gani ¢ . jpar tcc%lr%ﬁ. gn toh%rfﬁorcﬂ:‘ Qx(ox% dSRersigh 4 nto 6

t'he Solubili zer 1 e pol ynmer melt and m xin
the cowpoastesiped) dehvekrkibn bhet hdigPer§ien ntcgf t h%he

Super glinbiseah eSt at Borganic particles is present in a
1iquid which is not a solubilizer according to

Claim 1.

8. Process according to Claim 7, characterized in

that the dispersion is present in water.

9. Process according to one or more of Claims 1 to 6,
characterized in that the dispersion of the
nanoscale, inorganic particles is present in a

solubilizer according to Claim 1.

10. Process according to one or more of Claims 1 to 9,
characterized in that the flash zone for expanding

the mixture is a further screw extruder.

11. Process according to Claim 10, characterized in
that volatile constituents are removed by means of

the second screw extruder.

12. Process according to any of Claims 1 to 11,
characterized in that the thermoplastic is

polyamide, polymethyl methacrylate plastic,
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25 14. Process according to one or nore of Clains 1 to
12, characterized in that the process steps are
carried out in the foll ow ng sequence: i) conversion
of thernoplastic polymer into the 30 nolten state ii)
si mul t aneous or subsequent ﬁ?xrng in of the

sol ubi,l i zer

i) ' f t ' '
Super&PPFF55P0§%§$%%§Er?L§%§%-,f?%ﬁﬂ%?tgag ééﬁé%ééngte'

- i nor gapilgcapaphiatleespilasthe f enth opolydssper starberates,

the i tical 15. _ i ,
one oF CRSPEVEFIE 5 nRiRUEEe: g ShEFSRE ACEPLAL S ierile
that phespiccess pslgprharlengar rieFRitthaflthe Pplastic,

fol | owiRgo3eavenseed ) COMSIEdHY;nd her nopdasphthalate
pol ymér “into the _5 nnlien %Fate ii% si_nmul t aneous_ or
subs e B4Rt LRI xi RGIYRBY Tt L Foidfi PRZEFFri ) " e iR oR
ofdth@ou§@Q%@a€e,pna@tgamiCpomgethgnesein prhEvhorpy béne,
a di spersi.on.10.iLVv).conversion, of e mglde |
super@nyﬂggﬁ%gﬁéfébf%?%ﬁFggeggggg%%rdiH@ T onggﬁﬁégEb'
nore ofcCoailmEit t oopdbymehar at€@?) zedd/ 9t hat Phend of

t her mopleast G+ $helRophsed ikb@get her with the

nanoscal e, i norganic particles and the solubilizer at
a tenperature of from 200C to 350C and a pressure of
hROM BQobaks to2hibe tb Wit exirudee. &0 ¢Taims 1 to

Process according tpo one.or re d aj t ,
char aé@eri%?%’g‘?“ﬁa’fe hénsoﬁ%?l i%f?eer ?Egg%% e%é:gijlgn are
in a eamedetir abitodnofth#0 fod 186%nby seweeghe;: based on
the thernoplastic. 25 18. Process according to one or

nore of Claims 1 to _
i) conversion of thermoplastic polymer into the

molten state

ii) addition of the nanoscale, inorganic
particles in the form of a dispersion in the
solubilizer to the polymer melt and mixing
of the components

iii) conversion of the mixture into the

supercritical state

14. Process according to one or more of Claims 1 to
12, characterized in that the process steps are

carried cut in the following seguence:

i) conversion of thermoplastic polymer into the

molten state

ii) simultaneous or subsequent mixing in of the
solubilizer
iii) conversion of the mixture into the

gsupercritical state
iv) addition of the  nanoscale, inorganic
particles in the form of a dispersion to the

supercritical mixture.

15. Process according to one or more of Claims 1 to
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-present in the - 27 extruder

17, characterized in that a content of 0.01% by
wei ght to 20% by wei ght of nanoscal e, inorganic
particles is established in the plastic. 30 19.
Process according to one or _nore of Clains 1 to 6,
characterized in that first2Phe t hernmopl astic is

mel t ed _at tenmperature of from 2QQC t a

pr essgrze oc?hfflfao %l%%? £ 250% a%%%n']?ﬂgég%(t r%(u%é3 Poare
t he sehulrikidzenti snmeher édlilowiinga s8guens€ent r ati on of
from10%to 30% by wei ght, based on the

thernoplastic, a 5 to 50% strength djspersion

(wei ght/ wei @giervests igm sio st @orladfak L ParT | BrieP i e
t he same or [ atherse=3@ ubilizer, which is |Iikew se
supercri.tical statg .

jn_a
at said! teﬁ%ﬁﬁf@%o@ﬁrﬁéﬁ?g&?n sTHEEEPed™ 50
that a contgntuldfl itdee nanoscal e, inorganic particles

in the ggﬁﬁiﬁ%gron&g. 01% by \g?;gggcgpego%pﬂoréanic

wei ght-*# .~ Process according to one or more
of d ainms 1 peaotikdeschar ddieerfiozanl 4 a FRSORLFESSur e

contr gl.yval yg,hawding an gnnul@fe gapnpfcd#OM LikMd t 0 the
10 mm pi'ston 10 dianeter, a gap width of from1l umto.

20 um and a SUPRF I%Eidi IR oSHH SN 5 nmto 30 nmis used.

21.  Process according to one or nore of Clains 1 to

20, characterized in that the m xture passes -

£Rr ougR OCRE Sp LHYEHt9 aEghé’é]re r%%emSF"%loO%oSlg‘ng;&o t.:o'
000 si%, 22habbotedihgedntini athar rad dihgrmoblabhadl els
accor di0g.t 0 006 Qe org; f LAl daddb e, 20inorganic
charactlerllze I that nanoscal e, morganlc particl es

are ppegsiclasd apke Propselibhlarer patng FPRYIRwe of

or prigBgY RArki ¢lee 3599per=sld Ust pressubkcbramaom 70 bar
conposed of not nore. than 1g0rpri mary particles, is

nor e Fﬁaﬁ5§OQ?r in the extrude

17. Process according to one or more of Claims 1 to
16, characterized in that the solubilizer is
metered in in a concentration of 10 to 30% by

weight, based on the thermoplastic.

18. Process according to one or more of Claims 1 to
17, characterized in that a content of 0.01% by
weight to 20% by weight of nanoscale, inorganic

particles is established in the plastic.

19. Process according to one or more of Claims 1 to 6,
characterized in that first the thermoplastic is
melted at a temperature of from 200°C to 350°C and
a pressure of from 70 bar to 250 bar in the
extruder, the solubilizer is metered 1in in a
concentration of from 10% to 30% by weight, based
on the thermoplastic, a 5 to 50% strength
dispersion (weight/weight) of a nanoscale,
inorganic particle in the same or another

solubilizer, which is 1likewise present in the
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25 based on the nunber of particles altogether. 23.
Moul ding nmaterial or moulding according to d aim 22,
characterized in that the nanoscale, inorganic

particles conprise primary

ticles 30 having a

ar
maxi mum aspect rati o of nbtélﬁo“re than 5. 24. Use of

:Eg ggg%%%ag}énat.eri al according. to .G aim22, or 23 for; 4

n of" moffl di%‘é%ejf)y neans of  thernoplastic

pr ocessipgratarpar ehdulparesexmagsi ok meterpfledn G that
moul di ng af P 8¢ k@R $LAMISADe, inorganic particles in

20.

21.

22.

23.

24.

the plastic of £from 0.01% by weight to 20% by

weight results.

Process according to one or more of Claims 1 to
19, characterized in that a pressure control valve
having an annular gap of from 1 mm to 10 mm piston
diameter, a gap width of from 1 pm to 20 um and a

gap length of from 5 mm to 30 mm is used.

Process according to one or more of Claims 1 to
20, characterized in that the mixture passes
through the passage at a shear rate of 10 000 to
100 000 s™.

Moulding material or n@ulding,. obtainable
according to one or more of Claims 1 to 21,
characterized in that nanoscale, inorganic
particles are present and the proportion of
primary particles or primary particle
superstructures which are composed of not more
than 100 primary particles, 1is more than 50%,

based on the number of particles altogether.

Moulding material or moulding according to
Claim 22, characterized in that the nanoscale,
inorganic particles comprise primary particles

having a maximum aspect ratio of not more than 5.

Use of the moulding material according to Claim 22
or 23 for the production of mouldings by means of
thermoplastic processing, in particular extrusion,

injection moulding or injection stamping.



