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WD 2006/ 0116064 PCT/I B 2005/1101972 1 Crystallized

pol yet hyl ene terephthal ate, which contains silicon

and process for its preparation The present invention
WQ29pP¥¥¢td to crystal - |ized pol yet hyl ene PCT/1B2005/001972
terepht hal ate, PET, which cohtains 5 silicon, and to a
process for its preparation. It is well knomn t hat

some polymeric materi- als, for exanple PET, may only

be used once.in thelr orlolnal forn1 There |s not et

process Wt Isl\mlcealm vvasi&p%Eeqmsﬁor amsswm;pa%izmn

waste, may be regenerated and/or nodified for a

further use in the food industry (food contact

subst ance). 1Th¢ sprefant ihuenhipnoverdiheched| toactpstal-
Of 1£§e&ﬁ§éfy£%ﬂyieﬁéttéeeﬁHH351§€£ WBBEe) wh$ch contains

I ect ust di sposed érewifh i's created
fhn %h%%?%%ne%@@|tOp@oﬁreﬁ¢SPtfP§ £ &5t REPPREBRWACE hat
wast e- PET may not be burned in an environnental
friendly way,_because n 20 ot hers carcino
benzopyr enes &Y e- ?d??%@ng?gwﬂagh% ﬁoﬁ?oﬁgg%%e %C 'fateri-
incalpprﬁme arshel PEFET| nhaynewlyf beshsPBTpnse- tal thdir
¥ T ereby in maxinumb5 parts by weight of
§9i€%ﬁgf'f0%£ |ncorpo- rated into 95 parts by
melght of "virgin"-PET, in order 25 to not affect the

quality of theh&espestive PLOANSbwn! Ant BES1L§ERLD! 88¥e and

a very high vacuum nust be
economical effective process with which waste-PET, post

consumer PET waste, may be regenerated and/or modified
~for a further use in the food industry (food contact

substance) .

It is a fact that all over the world a lot of
5 waste-PET (post consumer PET waste) is collected and is
just disposed. Therewith is created an environmental

problem.

It is further known that waste-PET may not be
burned in an environmental friendly way, because among

0 others carcinogenic benzopyrenes are formed.

It has been proposed to incorporate waste-PET
into new, fresh PET, so-called "virgin"-PET. Thereby in
maximum 5 parts by weight of waste-PET may be incorpo-
rated into 95 parts by weight of "virgin"-PET, in order

5 to not affect the quality of the respective product.

In this technology a very high vacuum must be

applied in order to remove the volatile, toxic contami-



applied in order to renove the volatile, toxic contam
WD 2006/ 006064 PCT/ 1820051001972 2 nations; see the
VACUREMA t echnol ogy of the conpany Ere- ma in A-4

052
WARPUGH Linz in Austria. It has al so been prRpbERa§05/001972

to cleave waste-PET into tHe components terephthalic
acid and ethylene gly- 5 col. These conponents may be
used again for the synthe sis of PET. This process

needs .t echni cal npl,i e: Vi d _is _
o iy EiRoner Okttt oihi5ToBYaes ey gonpany Ere

dese iined =4 Prochesfeddenphboesshnfustrpal yest er

wast es, for exanple waste-PET. 10 In this process

nei ther a vacuum technol ogy nor a cleav age_ into

partial conporfenidsialacebee] PYPPISPfotesslervighegste—PET

wasihia®d aink dedfonvnstserpobyeshelitl akea ane benyednkogly-
a tenperature of this tenperature

130C 5C. t t
S Gt o T T SO TEOREHE Py BEeRESrn SR Aab e CPRofVAThe~
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% BisveifQMRET 0 Bhis pyowesghheedef eeckditalt hempotiabhte de-

aboaih Tt ac af rERPeMYEMLY PRpBhLREL (1 ("

m xture is given into an extruder, 20 heated to a

tenperature frPom@498/1042PPG 1 ang hSseXipddudedrodbss for
extrudate |s pelletized. The obtained pellets are

ANPGRS 1heRE PahBPphehs Pl Pet sTARYSHOIPE VaPEREFPET -

pr aGes38Gk Ryrdeass neftséandavdciuhecéeRRol®Y, dhBg a cleav-

t echnol.o because the 25 stick together during the
préﬁﬁh -qéé partial components 1s used.

In this process crushed, washed and dried
waste—polyeéter flakes are heated to a temperature of
130°C +* 5°C. At this temperature is added a defined
modifying agent in an amount from 4 % by weight to 6 %

by weight, referred to the total mass.

Then the obtained mixture is stirred during

about 60 minutes at this temperature.

Then this mixture is given into an extruder,
heated to a temperature from 240°C to 250°C, and is ex-

truded. The extrudate is pelletized.

The obtained pellets are amorphous. These
amorphous pellets may not be further processed by means
of standard injection moulding technology, because they

stick together during the preheating.

In WO 95/01471 is described a process for pro-
ducing soil-repellant and abrasion-resistant monofila-

ments for screen cloth having a diameter from 0.1 to



In WO 95/01471 is described a process for pro- ducing
soi | -repel l ant and abrasi on-resistant nonofila- nents
for screen cloth having a diameter fromO0.1 to WO
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silicon nodified polyethylene terephthalate. In this
process are incorporated from 0.15 to 5.0 % by wei ght
of pol ydi al kyl si | oxane by co- condensation into the

chai pol 5 [ 0.1 he WO
osf ohaPt FREnP Y Ebax 0L oan Pt oBIOMRL G120
byt poépconadbata: Inohhdf phecessoaeesidcoepbybted from
texephthal atg and_ et e -0 . W ition N
e e g e e S
margadessaaceb aietbytbsi ogaan aft thenpolfPmeat al yst as
an essential conponent of said pol ycondensa- tion

Process. Th%w&%%&ﬁﬁ% OEOC§Eé° L1 QP @8k$§68h§9f e
an aut ocl ave at el'évated tenpératiureés and by using
digilfeomntoptassimgspolneén US prégdr8a8biyspdégcpnliedsa~
a recycl abl.e ol yner ich, co ises ural ity o

o1 F5HerEUire oROnSEEEs (GRS ITEE R BR Rul1 8 aht Btnyaene
po yyesl zat tlonapdbciess. oft 318 anbpbyettyhof ofhpopyasmathyl
inveﬁtion to .reduce the %eaﬁ-%o%%ear . NCreasi n

C? % e

AT 8F VBT T PR NS5 ¥{Bephy g antinony
t ressiDysedas ndo assoenvest i bbepanentdefapded pboguchdensa-
It s a further object of the present inven- tion to
priovPHePEST Pt e and cost advant ageous process
The process of co-condensation takes place in
an autoclave at elevated temperatures and by using dif-

ferent pressures.

In US 5 643 998 is described a recyclable
polymer which comprises a plurality of oligomer units.

This polymer is obtained by a polymerization process.

It is an object of the present invention to
reduce the year-to-~year increasing amount of waste-PET
in that waste—-PET is transformed into a convertible and

demanded product.

It is a further object of the present inven-
tion to provide a simple and cost advantageous process

for the preparation of this new product.

This new product shall be used as substitution
in all industrial preparation processes where up to now

"virgin"-PET is used.

With the present invention these objects are

met.



for the preparation of this new product. 25 This new
product shall be used as substitution in al
nduatrlal preparation processes where up to now
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objects are nmet. WO 2006/ 006064 PCT/ JB20US/ 001972 4
The present invention is directed to crystal- |ized
pol yet hyl ene terephthal ate, PET, which contains

silicon in apRo rand 8O S et | i Qe dheq b eg §%al—
structure of PE form The inventive process for

5
p t%ﬁﬁ?&%ﬁp 9%th§$%néWhlch contalns
t eﬂrﬁm‘ﬁdm'ﬁt @ b%ﬁﬁdem'a’fﬁ COME e d B BSd Sih 6 0Bhé Nma@lecular

%P ndrfﬂﬁﬁy eg?lnto the no- | ecular structure
1 . . : :

rm 1s char erized in that - in a first
step is added to nelted PET not 10 nore than 4 % by

wei ght , refq.reqng%ﬂgy%é(g{§1ég]tfg% RS Sy éﬁafgtlon

| east one nodifying agent cont al ns I con an

WIS Gad 1dmes] w@&ﬁe&e%g@mmwaﬁ@e, | BeTit ayhich con-
f rt%ﬁﬂ‘@“s&l‘ﬁco?ﬁ}n ItaS Bdiatidn tX@:Qd a%h@t@d;%&w@@t 1Qtor eB&tmo-
i.n a second ste ai ned product is, ex-
S SR o Wb Thd Tor A THct i fadetn that
anDrphous product, which contains silicon in a bounded

and int egrat eq_ ' nt %flreec r%)éeepCL!Lsar? AL eftecsEJET not

form s cool€d % or “irai i aining e annrp ous form
2@ord rehant Hi rid byt efeitdtet anprphoued produee tstal of the

mass, of at least one modifying agent, which contains
silicon and which is able to connect together low mo-
lecular fragments of PET, is then mixed and allowed to

react,

- in a second step the obtained product is ex-
truded in the respective desired form, the extruded
amorphous product, which contains silicon in a bounded
and integrated into the molecular structure of PET form,

is cooled for maintaining the amorphous form,

— in a third step the amorphous product is
subjected for a controlled transformation into the crys-

tallized form to a temperature treatment, and

~ in a fourth step the formed crystallized

product is obtained.

The inventive crystallized polyethylene
terephthalate, PET, which contains silicon in a bounded
and integrated into the molecular structure of PET form,
may be used as a substitute of polyethylene terephtha-

late, which contains no silicon, for example as



subjected for a controlled transformation into the
crys- tallized formto a tenperature treatnent, and -
in a fourth step the fornmed crystallized product is

woai/vees 25 The inventive crystallized pol yetPd/iBaes/001972
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terepht hal ate, PET, which c@dntains silicon in a
bounded and integrated into the nolecul ar structure
of PET form nmay be used as a substitute of

pol yet hyl ene terephtha- |at i.ch contains
silicon, for exan’i’g hc ]\7%%(5)(}6% qﬁlon of a pre-

BZ(f@irﬁrO01972 - row rmterl al for the preparatl on of a
pre- form - row material for the preparation of

fibers, wres, sheets. 5 Preferred enbodi nents of

this inventi on v Madediifdd §9F thhe depdrdeiion) gifgfibers,

I nwtiked oldmwiig part are described possible

enbodi ments of the present invention. Thereby al so
reference is made to the figures. 10 Figure 1 shows

t he m cr oscopire fanateds iesnbafd imenrsp ldu s hRET i nofatratiined are

ac%%rftil t.q the e&%@lj%(}e]&agl SN tioned further

bel'ow. "Figure € mcroscopi c anal ysis of
crystallized PET; obtained according to the exanple 1

as” 15 menti aped Hairddhelohel Pwa ki amd he daventd | ¥esible
crystallized pol yethyl ene terephthal ate, PET, which

coRmROEmeN T A iHhe BRRFREY TR A%grat ed into t he
nol ecul ar structure of PET form

Thereby also reference is made to the figures.

Figure 1 shows the microscopic analysis of
amorphous PET; obtained according to the example 1 as
mentioned further below.

Figure 2 shows the microscopic analysis of
crystallized PET; obtained according to the example 1 as

mentioned further below.

From the inventive crystallized polyethylene
terephthalate, PET, which contains silicon in a bounded
and integrated into the molecular structure of PET form,
may be prepared by means of known injection moulding
technology any preform. When before the injection a
suitable colorant is added to the melt, then a corre-

spondingly coloured preform is obtained.

From such a preform may be prepared by means
of known blowing technology any commodity: for example
closable containers of any shape. Such containers may be

used for the uptake of food, for example mineral water,



may be prepared by nmeans of known injection noul ding
20 technol ogy any preform Wen before the injection a
suitable colorant is added to the nelt, then a corre-

wopardsighy col oured preformis obtained. FromPS€TAR25/001972
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preform may be prepared by feans of known bl ow ng
technol ogy any commodity: for exanple 25 closable
cont ai ners of any shape. Such containers may be used

for e .uptake of food, far, exanple m neral water, WO
0B D0RBRn FopCTPE30s) o 75T B ST Mk et ticies) for
vi aggap leockeams, obhaopoets,c gardts.cl es, for exanple
creams, shanpoos, gels. It is preferred to prepare

froma preformby neans of the blow ng technol ogy

bottles for ThelapparéerFedf thi pachRrusatidoma Frefomm by

dr hBKasWokhte Whbhouy GRlchRaRed Bdda 0Dy teShHtake
commodities_may be recycled after, their, use. Wthout

a PhrPhBRTRLeYRAEAt Othe Tapeffh S iiel Wifid |t widdout car-
obbahnadoat deheceny. of the second step of the

i nventive process nmay not be further processed by

nmeans of standard injection noul ding technol ogy,

because t heyTheseckomnngdiiiéesdmriynppet reqycdledatifiigr their
Thg fol I owi ng exanples illustrated the present 15

i nvention. Exanple 1 300 kg of crushed, washed and

dried flakes fromwaste-PET bottles were given into

the hopper ofjiBhout a further treatment the amorphous pel-
lets as obtained at the end of the second step of the
inventive process may not be further processed by means
of standard injection moulding technology, because they

stick together during the preheating.

The folloWing examples illustrated the present

invention.

Example 1

300 kg of crushed, washed and dried flakes
from waste-~PET bottles were given into the hopper of a
twin screw extruder.

The flakes had a size from 2 mm to 10 mm.

The velocity of the extruder was adjusted such
that 5 kg of PET flakes could be processed in one min-

ute.

In the 12 zones of the extruder the tempera-
ture was from 230°C to 280°C.



twin screw extruder. 20 The fl akes had a size from2
mmto 10 mm The velocity of the extruder was adjusted
such that 5 kg of PET flakes could be processed in

woRWoHedsd ute. In the 12 zones of the extruder PEREB2005/001972
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tenpera- 25 ture was from 230C to 280C. WD 2006/ 006064
PCT/ 1 B2005/ 001972 7 The tenperature within the
nel ting zone was 260C At t he nelting zone of the

ext ruder was,, % tsta a dosi 9 % % The dosin
devi ce conpri$&d ngSFEtugﬁ H&Eﬁ By ﬁ {Rg zone was
vek66°Cy of the addition of the nndlfylng agent was
adjusted. Wth the dosing device were dropped onto

the PET-nmelt 50 m of hexanethyl disilazane per m n-

ute. 10 For RhetproBedsdiing 6rn300fk§hef extakdsrwps in-

usgda31dqoh hexaprt Wil | azane. In the follow ng
zones of the extruder the re- action took place

between the nelted PET and the nodify- ing agent. 15
The gaseous Shdedps@dgcﬁsvweéecdm@wﬁseﬁfaimothheon pump by

degassi ng, 2008, DY, IRAS: 0 A AT A Lhe outlel
opéning o XErdder™ was ion- P T T (R
pebbentzivag sﬁsugﬁﬁ@waﬁhém I@@Oﬁosothmevam@CMRaﬁnd&Opped

Kreyepbeng Bhaopkher bochil o G akRthyldisilazane per min-

ute.

For the processing of 300 kg of flakes were

used 3 1 of hexamethyldisilazane.

In the following zones of the extruder the re-
action took place between the melted PET and the modify-

ing agent.

The gaseous side products were drawn off in

the degassing zone by means of a pump.

At the outlet opening of the extruder was in-
stalled an underwater pelletizing system (Master 1000)
of BKG Bruckmann & Kreyenborg Granuliertechnik GmbH in
D-48157 Minster / Germany.

The diameter of the obtained amorphous, trans-
parent and clear pellets was from about 1 mm to about

3 mm.

These amorphous pellets may not be further
processed by means of standard injection moulding tech-
nology, because they stick together during the preheat-

ing.



20 D 48157 Munster / Germany. The di aneter of the
obt ai ned anor phous, trans- parent and clear pellets
was from about 1 nmto about 3 mm These anorphous

WESeea0e0day not be further 25 processed by nedHSI/ER005/001972
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standard injection noul di ng3tech- nol ogy, because they
stick together during the preheat- ing. WO 2006/ 006064
PCTI | B2005/ 001972 s On a vibration transporting table

of BKG Bruckpmann _&. Kreyenbarg G.anuliertechnik
were con- verted thi rgmlroﬁhgtulgarbsé??]é1f]sn$ n’f%bfe o £BEL

cr st kniazed Spdidestenboite @rammt bl érzedhpek| énsHweeese con-—
mat, 4o PRiHE. A Pé%loi‘x%l pe Y254NBdeiets.
a tr%cro- scgpiaén aﬁg{ysi s which is sﬁomy%ﬁéﬂgurenﬁg Lers
Fromthe crystallized pellets was al so made a

m croscopi ¢ amal ysiystahilGhds sdiove s nd FQURLE 2anditwhSte.
obvious fromfiguré 1 that the nolecules 10 of PET
are free and that the material is transparent and

clear. It isroow abe famemdhagur el idad wde sddeicd uhecro-
of the .nol ecul of .P is. fi the materi al
iS%%ﬁPlc(?%a%igis:ﬁ?%%hf%? §ﬁ§Whafﬁ fbgﬁre ?he

an e. he anorphous” and
crystallized pel- lets had a silicon content of 222

pg/ g of pelletsy %H@ndﬂy%ﬂaﬂ@ﬂigé!ﬁéihé%%|§5§ Yo BRade a

prepared by nmeans of known .injection noul di ng
te@HﬁQQiﬁPR%ﬂ/%ﬂQ;YSlS which 1s shown in figure 2.

It is obvious from figure 1 that the molecules

of PET are free and that the material is transparent and

clear.
It is obvious from figure 2 that the structure
of the molecules of PET is fixed and that the material

is mat and white.

Both the amorphous and the crystallized pel-
lets had a silicon content of 222 pg/g of pellets.

From the crystallized pellets may be prepared
by means of known injection moulding technology any pre-
form.

Example 2

In analogy to example 1 were used 3 1 of

tetraethoxysilane instead of hexamethyldisilazane.

There were obtained analogous results.

Example 3



form 20 Exanple 2 In analogy to exanple 1 were used 3
1 of tetraethoxysilane instead of
hexamnet hyl di si |l azane. There were obtai ned anal ogous

woesaslierc+ Exanpl e 3 WO 2006/ 006064 PCT/ | B2005/p@Qu8zZa)3/001972

5

10

9 In analogy to exanple 1 wre used 3 1 of poly-
et hyl hydrosi | oxane i nstead of hexanet hyl di sil azane.
There were obtai ned anal ogous results, but the col our

of the anorphous and of the crystallized pellets 5
was grey. Exdipla@adogy &r?aled‘ﬁ’ﬂ'}/ﬁlt? dx ¥iPpee UPSfkerk uh Poly-

1. Bthg1efydrd pilierndrsd iantieald iosteatnfthyldisilazane.
hexanet hyl di sil azane and were added in finely

powdered form by nmeans of a feeding 10 screw. There

wer e added 25hgreemweariengidaifieer @ensdogouolst aiesed ts, but the

anqgeys Je su S G Pedk vy d ' 1
R oot R S GBS oD 16 B £ d Blfets
1. "esysd&v-i zed pol yet hyl ene terephthal ate, PET,

whi ch contains silicon in a bounded and integrated

into the nolecul ar, structure of PET form 5 2.
CIystaIIizediﬁﬁﬂ§éﬁhﬁlene terephthal ate ac- cording to
claim1, characterized in that the crystal -
In analogy to example 1 were used 1.5 kg of
diphenylsilandiol instead of hexamethyldisilazane and
were added in finely powdered form by means of a feeding

screw. There were added 25 g per minute.

There were obtained analogous results as de-

scribed in the examples 1 and 2.



lized form has been obtained by a tenperature

treatnment of anorphous PET, which contains silicon in

a bounded and integrated into the nolecular structure
Wor20pER6hdr m 10 3. Crystallized pol yet hyl ene PCT/IB2005/001972
terepht hal ate ac- cording t& one of clains 1 to 2,
characterized in that it has an average nol ecul ar

wei ght of not |ess than about 40'000. 4. Crystallized

pol yet hyl ene terepht hal ate % 1§¥ cording to one of

claims 1 to 3, characteri Sit has a silicon
content from 120 pg to 700 pg per gram of the total

of the mass. 5. [ 4

ter epht hal at e acc-q%szér |lnlzz§%II %ﬁ%yﬁﬂﬂgﬁﬁstﬁre%hﬁhalate’
chaEng&rt R FEy FonEdERs ?@%%@ncwsﬁalopuﬁésd and integrated
pol methyiienand eE Pt had et €cter8l ¥€dpEn &BYmM Xi NG

ratio with any polymeric material, for exam ple with

pol ypr opyl ene, PP, polycarbonate, PC, or poly-

5et hyl ene ter @htd@ﬁﬂli&é@fp@bﬁéah%ene sekeéphbhabate ac-—

P TSBEEER O DB P EPR0m 80-AL: SUEAA 28 LhEeryaran-
Si Ilmﬁ i Form doamh deskraneb i ot egd abedai hempehetnmetmbatment

Strde éﬁglﬁgrﬁf”r% f@@f@8ﬁ€5iﬁ§dshmlEBﬁt1M[5 bounded
2006/ 0060 PCT/ 182005/0019 - 1nafirst st e%

adddtf t N rRIFePEM R th %F%l?ﬁ%al[ %EVC%@F@hP,f ET form.
referred to the total of the nmss, of at | east one

nodi fyi ng agent, cont n and which is

able 1o connort q]iyfetta{;]e]r“feo‘%%l%eﬂéxg?%? P dinflal re ac-

PEGordindnero mxedandlalhowedtd02, characterized in that
it has an average molecular weight of not less than
about 40'000.

10

4. Crystallized polyethylene terephthalate ac-
15 cording to one of claims 1 to 3, characterized in that
it has a silicon content from 120 pg to 700 pg per gram
of the total of the mass.

5. Crystallized polyethylene terephthalate ac-
cording to one of claims 1 to 4, characterized in that
20 the crystallized polyethylene terephthalate is mixed in
any mixing ratio with any polymeric material, for exam-
ple with polypropylene, PP, polycarbonate, PC, or poly-

ethylene terephthalate, which contains no silicon.

6. A process for the preparation of crystal-
25 1lized polyethylene terephthalate, PET, which contains
silicon in a bounded and integrated into the molecular

structure of PET form, characterized in that



react, - in a second step the obtained product is ex-
truded in the respective desired form the extruded
anor phous product, which contains silicon in a bounded

wORoagiedadt egrat ed i nto the nol ecul ar struct ur ecaliBREF 001972

form is cooled for maintallning the anorphous form -
inathird step the anorphous product is subjected

for a controlled transformation into the crys-

tallized formto a tenperature treatmant and 15

a fourth step tife 3 Fimsd Stydt i i2ARLd frodifdittscs BET not
obtnammgd;haﬁ aThe ms;?ntac ot Tl e d Ot<ﬁ:|tgie§nt63tﬂh&ftacthe
terjz i = that t S t

W Seoraitie HT oo AP HETY Bl rhieOh et dipe
20 sgétilveom [agw ndliedulisy afolagrentepfe RET oget heddeldbw mo-

g t'0 COnNec

5N 1 AROWH ﬁad&‘r@nt@ro% Hhan 3 odenh alda METLralled to

in an annunt not nore than 2 % by wei ght, for
exdfFEin an am)unt of not nore than 1 % by wei ght
and not less than 0.5 % by wei ght 25 8. The process

according to one of clai aracter|zed in.
that in the firdt st?’&ﬁof’ﬁg ?ft?é) ft)ﬂené’ hﬁzi‘g1 BEGCHst 1s ex-

contrandesi dinl itden raEwghadtiicte idesibierd t@mw,n-tmaecﬂxtruded

:ggﬁF%~ %E%#PH Vagrfo QEﬁ#%hl, &ﬁ%tq9%9b34§§ed

10espaet dinty gsfat@ci dartior et W@I@@u@ltcﬁi‘sﬁ@ﬁw@ off RBT form,
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20
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30

2096/ Q%%l{le‘éﬂ fPo@?r /n{laﬁ%(%%i/nqw?t%e Erorgidi@Ne® @, the

general fornmula

- in a third step the amorphous product is
subjected for a controlled transformation into the crys-

tallized form to a temperature treatment, and

- in a fourth step the formed crystallized

product is obtained.

7. The process according to claim 6, charac-
terized in that in the first step the modifying agent,
which contains silicon and which is able to connect to-

gether low molecular fragments of PET, is added in an

de

amount of not more than 3 by weight, preferably in an

o\

amount of not more than 2 by weight, for example in an

oe

amount of not more than 1
0.5 % by weight.

by weight and not less than

8. The process according to one of claims 6 to
7, characterized in that in the first step the modifying
agent, which contains silicon and which is able to con-
nect together low molecular fragments of PET, is added
in the form of a powder or of a liquid, and that it is

especially selected from the group consisting of



RL OR-0OS-ORL (I) ORL 5 - disilazanes of the
general formula Il R RLI HI (Il) 1 R-SI-NSi-R

- silazanes of the general formula Il Rl Rz H

“ﬁ)%WW?WW64 N-Si-R 10 R1L wherein in the fornul asPETABR005/001972

1l the residues Rl and R2'are, independent from each
other, a Cl to C6 containing straight or branched
al kyl group, - silicone oils, especially oils on the
basis 15 of pol yphenyl - nethyIS|onane
pol ydi net hyl si’l §xa@@esorofa the pemenadr £ wmula I

pol ydi net hyl si | oxane and pol ydi phenyl si - | oxane,
di phenyl sil andi ol, - pol ynet hgt hydrosil oxane, and 20
- pol yet hyl hydrosi | oxane. WD 2006/ 006064
PCT/ 1B2005/ 001972 13 O
R1—0—8i—O0—R )

O

k
5 — disilazanes of the general formula II

R’ R

| n | (N

R1—Si—N—Si—R!
R1 R1

- silazanes of the general formula ITII

=
H i1
R2—N—Si—R! (i
10 R1
wherein in the formulas I to III the residues
R! und R? are, independent from each other, a C; to Cg

containing straight or branched alkyl group,
- silicone oils, éspecially oils on the basis
15 of polyphenyl-methylsiloxane, polydimethylsiloxane, or a
1:1 mixture of polydimethylsiloxane and polydiphenylsi-
loxane,
- diphenylsilandiol,

— polymethylhydrosiloxane, and

20 — polyethylhydrosiloxane.



9. The process according to one of clains 6 to 8§,
characterized inthat in the first step the nelted
PET is "virgin"-PET or waste-PET, post consuner PET

WP E006PG  exanpl e obt ai ned from crushed, wasHR/ERH3801972
dried PET bottles, including®any mxtures of "virgin"-
PET and post consuner PET waste, and has a tenperature
from about 260C to about 3OOC, especi al | y about 260C
10. The process according to one of clains 6

characterized i aRr(?‘ﬁ THEFTFHG &P 1 Clzi’omq 6 to
fyithg agercterazeedicothanudusihe ifitmost hecapl thagnelted

zo of 8 er extr r

acgﬁ%dlng toﬁ% %ﬁofﬁﬁ¢a§%3w%g¥? é%ﬁ& Eﬁﬁ&?é% @%ﬁ%%ﬁ PRt

t hatagtre t hieo¥ | example pobhrinedciran mu&krmdbewa@eﬁdt hed
5%'&%£$E@%E@fegodmam@lﬂg’5 &gggﬁlxﬁ%kéi@p@f‘deG?i‘gln"—

of the tenmperature of the nelted

depgendeitd RASE necrerBeh BT t1stiel 3Ty bvhe? temPRFRRIre
abattord dspwbori0 10 b nab@st IR °The POeR$E] PCcLIBGAt NY60 °C.
"'to one of clainse 6 to 11, characterized in that in

the second step the 20 cooling of the extruded

pr oduct is redi ZBue i prawt sy acesp:e:ﬁjr@ lyo ejrtehe:rf bylaims 6

ungey vat eéhé’@éé@éf%lé‘% £’1§ ﬁ( 39 ﬂbr{ég A ézy.:;“t‘l‘?@ modi -~

string in"a waf er y a pe etl
1013.fying pﬁq)%retssl%\c%@%tﬁ nePR ol BHEIKY cindi erstise %ltbng zone

12, eharaeierizes, i xt palet N the second step the ex-
truded string has any cross section, for exanple a

round, an angular, for exanple a 3- to 8-angular, or
an- elliptic Irossegetd@ss according to one of claims 6

to 10, characterized in that in the first step the reac-
tion time between the melted PET and the modifying

15 agent, in dependency of the temperature of the melted
PET and in dependency of the length of the melting zone,

is from about 3 to about 10 minutes.

12. The process according to one of claims 6
to 11, characterized in that in the second step the
20 cooling of the extruded product is realized in water,
especially either by an underwater pelletizing or by
cooling of a continuous string in a water bath, followed

by a pelletizing.

13. The process according to 6ne of claims 6
25 to 12, characterized in that in the second step the ex-
truded string has any cross section, for example a
round, an angular, for example a 3- to 8-angular, or an

elliptic cross section.

14. The process according to one of claims 6

30 to 13, characterized in that in the third step the tem-



14. The process according to one of clains 6 30 to

13, characterized in that in the third step the tem WD
2006/ 006064 PCT/ 1 B2005/ 001972 14 perature treatnment
WQR00p/A06+ ansf or mat i on of the anor- phous pr odBET/IB2§PH001972
a crystallized product is rédlized at a tenperature

from about 135C to about 165C during at | east about

30 minutes, especially during about 1 hour 5 to about

2 hours., 15. The groceﬁs acgordlng to one of clains 6
t o RAF2EHEFaET ERFPEAT hOFhaPet RER F§§F§PF&?@d°f the amor-
pol yedhy| predectetepbt hatayethal iardapevagetmilseewadn zed at

me'gh{eﬁée?8£grge§?o&h§808?o5%549'ngap%%f1§651%eduring at
rocess according to one of clalns 0 13,
chalmfer abedti A0t hanuthe, peopesd aild ysdogpeg abouted hour

g he.sesQhdr shepoapd. t hat the anorphous pol yet hyl ene
terepht halate, PET, which contains silicon in a

bounded and |ntegrated !nto t he nnlecular_structure
of PET form 145 Tise Obtata€Sl. aé&or@mgt abl bzedof claims 6

pol yet hyl ene_t er epht hal at e, whi ch contain
oY  eabhER RN R b agF At cEaeEotng#ed polyethyl-
nnlenwlaerephUhaMaEeoha§E3nfaveragbtmpmabhéaknweﬁbat of not
20 IeéQ/f%ghr§ﬁoﬁ£e@ ? @dded to nelted PET not nore

% refe

t han y wel ght rred to the total of the
mass, of at |east one nodifying agent, which contains

1§|I|con and whg chrjhs é§%éé§§ &888§8£n5098t86é b@mbmglms 6
| ecul ar fragnents of is then m xed and lowed to
to aracterized in that the process 1s stopped af-

ter the second step and that the amorphous polyethylene

terephthalate, PET, which contains silicon in a bounded

and integrated into the molecular structure of PET form,
15 is obtained.

17. Crystallized polyethylene terephthalate,
PET, which contains silicon in a bounded and integrated
into the molecular structure of PET form, obtainable in
that

20 - in a first step is added to melted PET not
more than 4 % by weight, referred to the total of the
mass, of at least one modifying agent, which contains
silicon and which is able to connect together low mo-
lecular fragments of PET, is then mixed and allowed to

25 react,

- in a second step the obtained product is ex-
truded in the respective desired form, the extruded
amorphous product, which contains silicon in a bounded
and integrated into the molecular structure of PET form,

30 is cooled for maintaining the amorphous form,



25 react, - in a second step the obtained product is
ex- truded in the respective desired form the
extruded anorphous product, which contains silicon in

wa bminewsd and integrated into the nol ecul ar FCAUBLASH01972

of PET form 30 is cooled f&r maintaining the
anmor phous form WD 2006/ 006064 PCT/1 82005/001972 15

in athird step the anorphous product is subjected

for a controlled transformation into the crys-
tallized formtid & tdhget G ttk’feeé'ﬂ?érﬁ’thoua?nd’roq%fa is
f ot esitezpi tﬂtﬁr faardmdthsécalﬂﬁam;foxﬁnapﬁ@ﬂucﬁtnms the crys-

obt a stallzed t hy et repht al ate
acf:cgrl i ng Cﬂ trﬁ 1 a| tha ﬁe rbleat% etne‘i’he p(?ocess

according to one of cI alrrs 7 to 15 is carried out. 19.

Use of crystal ljized ﬂ%ﬁlr}t@{ @He‘iﬁ%hte f%‘ilﬂlgdl%égﬂéaéa"itﬁzed

PET, which contalns silicon in a bounde

5i nPE§RMCEd ishtPEHNSD ecul ar structure of PET form

10

15

20

25

a substitute of polyethyl ene terephthal ate, which

con- tains ng]ﬁ | ldc}ﬁ’og? far ?p%gl e&?ﬁ%lenre(r)\év\ﬁna ?I‘I %lafltat

for the prep

f oncichedimeparatelonimfl 7, bﬂrtsa,lnalmlrees,n sthedat $h@Grddsess
ac | Acter N

cr %gcglrlr}%zegg o Ia%/r(% enlééajt er eﬁt#t i Ctanéz%eout ’
pr oduct accordl ng to one of clainms 1 to 5, preferably

ate IS a

15. Use of crystallized polyethylene tereph-
thalate, PET, which contains silicon in a bounded and
integrated into the molecular structure of PET form, as
a substitute of polyethylene terephthalate, which con-

tains no silicon, for example as

- row material for the preparation of a pre-

form,

~ row material for the preparation of fibers,

wires, sheets.

20. Use according to claim 19, characterized
in that the crystallized polyethylene terephthalate is a
product according to one of claims 1 to 5, preferably
prepared according to the process according to one of
claims 6 to 15.

21. Use according to one of claims 19 to 20,
characterized in that the crystallized polyethylene
terephthalate is mixed in any mixing ratio with any
polymeric material, for example with polypropylene, PP,
polycarbonate, PC, or polyethylene terephthalate, which

contains no silicon.



prepared according to the process according to one of
clainse 6 to 15. 21. Use according to one of clains 19
to 20, <characterized in that the crystallized

wQotpsdgs ene 25 terephthalate is m xed i n anPGIIRBRI9F001972
ratio with any polyneric matéerial, for exanple with
pol ypropyl ene, PP, polycarbonate, PC, or polyethyl ene
t erepht hal ate, which contains no silicon. WO
21106/ 006064, PCT/.1B2605/ 001972 16 22. accordin
to one of cl %5 6?@ fGC2FAINgh &Pa OPEr |Ozfe(‘ﬁ|a|+“15h§tdg tt%’em'
cryhbabttzedzpdl yat Ityﬂa&nﬁhet emymﬁamajﬁtai |p&>Jmedﬂq;JJeme

: a”%’??‘gﬁh@gai%‘c 1‘@ Enllx% rrﬂlqllnq\glga 1th any ma-
sul 6 “the prepara |on o orm
exbaapielw whipbl yet ﬁwlé&@@heerf@ghttﬁm a:tr@,pamtcwn of a pre-

5CORLRINSFRY Skhip@@ with polyethylene terephthalate, which

contains no silicon.



