1 Crystallized polyethylene terephthalate, which contains silicon, and
process for its preparation The present invention is directed to crystal-
lized polyethylene terephthalate, PET, which contains 5 silicon, and to a
process for its preparation. It is well known that some polymeric materi-
als, for example PET, may only be usedionce in their original form. There
Is not yet known an ecological save and 10 economical effective process

\;vrl]tl;é;whétih \{vas,te-PETF Posett ﬁomséunmer PET vyﬁ%te mﬁg be reggnekaé% ai ns

substance). ISk lal feetha@ Bl cREPERSKOM®G 1bi & BESRMt AN (post
consumer PET waste) is collected and is just disposed. Therewith is

created an enviignngaL HPDIEH s IS UL WARIE BTG o

may not be burned in an environmental friendly way, because amon

othé%%r@iﬂbé@ﬁ@ﬂe%‘%@p%%h%@'?Jr@%rﬂﬁé*d 1Fs bédH EFb;fo%@H%”S
insorporaie waestel PET antprreyve SeedhoPET | so-pakghhartgirorPET.
Thereby in maximum 5 parts by weight of waste-PET may be incorpo-

rated into 95 parts by we l‘[j I\&'awrvcenn" PET in order 2? to not aﬁecttthe.
quality of the re beétﬁle\'ﬁb Some polynmeric matert-
als, for exanple PET, nmay only be used once in their

original form

There is not yet known an ecol ogi cal save and
econom cal effective process with which waste-PET, post
consuner PET waste, may be regenerated and/or nodified
for a further use in the food industry (food contact
subst ance).

It is a fact that all over the world a | ot of
wast e- PET (post consuner PET waste) is collected and is
just disposed. Therewith is created an environnent al
pr obl em

It is further known that waste-PET nay not be
burned in an environnental friendly way, because anong
ot hers carci nogeni ¢ benzopyrenes are forned.

It has been proposed to incorporate waste-PET
into new, fresh PET, so-called "virgin"-PET. Thereby in
maxi mum 5 parts by wei ght of waste-PET nmay be incorpo-
rated into 95 parts by weight of "virgin"-PET, in order
to not affect the quality of the respective product.

In this technology a very high vacuum nust be
applied in order to renove the volatile, toxic contam -
nations; see the VACUREMA technol ogy of the conpany
Erema in A-4052 Ansfelden/Linz in Austria.
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In this technology a very high vacuum must be applied in order to remove
the volatile, toxic contami- nations; see the VACUREMA technology of the
company Erema in A-4052 Ansfelden/Linz in Austria. 2 It has also been
proposed to cleave waste-PET into the components terephthalic acid and
ethylene gly- col. These components may be used again for the synthe-
sis of PET. This process needs technical complicate de- 5 vices and is

correspondingl;i x%egssivaﬁ.sln VY)E 03/104314 Ald's tdescribed a process

for processing of polyester Wastas, for éx%ongag wite PEFV i ST & PET

prbBésy héithed AMRRNRIAT fechPORRIAGH A Sledad syt phidi ene gl y-
companenite iscusashdOrieribis pragessecrusbed ayashed and dhedsynt he-
waste-paly flakes ar t per . 3 AL th )
te%n?p%raﬁjrzﬁdgﬁqf asa déﬁ]r(?g moo& él?]ig a%grélﬁﬁl g\agm%%'r}? ?rtlar%hj i) de

byWERHt BE ob SoyF Rl ARt oY theXBEI MaR: 15 Then the

obtained mixture is stirred during about 60 minutes at this temperature.

Then this mixtuye,is\gly 3o 28 XUALE[.s NGRS Felg MPgIARIER §0M or
240C to 250C anctls ex- truded. The extrudate is peIIetlzid. 0 The

otAIREATRIEE & é}ﬂi%ﬂghgﬁp{\@get EnorbRbus PRIIRs mAFRLEREET-

futthett riosepsa By tnaxgist her a vacuum t echnol ogy nor a cl eav-
age into partial conponents is used.

In this process crushed, washed and dried
wast e- pol yester flakes are heated to a tenperature of
130°C + 5°C. At this tenperature is added a defined
nmodi fyi ng agent in an anmount from4 % by weight to 6 %
by weight, referred to the total nmss.

Then the obtained m xture is stirred during
about 60 mnutes at this tenperature.

Then this m xture is given into an extruder,
heated to a tenperature from 240°C to 250°C, and is ex-
truded. The extrudate is pelletized.

The obtai ned pellets are anorphous. These
anor phous pellets may not be further processed by neans
of standard injection noul ding technol ogy, 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
1.0 mm from a linear silicon modified polyethylene
terephthalate. In this process are incorporated from
0.15 to 5.0 % by weight of polydialkylsiloxane by co-

condensation into the chain of the polymer.
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of standard injection moulding technology, because they stick together
during the preheating. In WO 95/01471 is described a process for pro- 25
ducing soil-repellant and abrasion-resistant monofila- ments for screen
cloth having a diameter from 0.1 to 1.0 mm from a linear silicon modified
polyethylene terephthalate. In this process are incorporated from 0.15 to
5.0 % by weight of polydialkylsiloxane by co 30 condensation into the

chain of the polymer 31 Acgording ke the-gxamelesaf WO 95/0341% the ne

silicon contalnlré% polymer is prepared hy polycondensa- tion of the

mSHomErd diftat terephthatacd Kid éﬁy?e%%paﬁz%gl With Babon st § 2~
% thiyomeight ohpolydimetkyls siloxaheanhdimanganéselacetatenby asinglene

an anfimony, cafalyst as.an gssential gomponent of sgid 89'V§8T989§?ethy1

tion process. The process of co-condensation takes place in~an autoclave
at elevated feriperatred BRI asiRG e 10 fereht Presdlired 1A WS

643:998 is-descabed aJtesyelable) pelymeihieh sempiisgs ganlytainseh s a -

ollgomer units. This polymer is obtained by a polymerization process. It is
n-objectdfthe présent invention to 15 reduce the year-to-year

increasing amount of waste-PET in that waste-PET is transformed into a
convertible andThe 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 anount of waste-PET
in that waste-PET is transformed into a convertible and
dermanded product.

It is a further object of the present inven-
tion to provide a sinple and cost advantageous process
for the preparation of this new product.

Thi s new product shall be used as substitution
in all industrial preparation processes where up to now
"virgin"-PET is used.

Wth the present invention these objects are
met .

The present invention is directed to crystal -
Iized pol yethyl ene terephthal ate, PET, which contains
silicon in a bounded and integrated into the nol ecul ar
structure of PET form
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demanded product. It is a further object of the present inven- tion to
provide a simple and cost advantageous process 20 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 objectsdare 25 met. The present
invention is directed to crystal- lized polyethylene terephthalate, PET,

which contains |ICOI‘1 ina ki)ounded and mteqrate |nto the mgleactullarn of
structure of PE orm QL ei%e inve |ve process 1ror the Pe aora ion oP

crystuBibad pbRRth\Ichy &irBiyhbaté epePhivh %lhaédh- téﬁ R silieBh Gh acon-
bausided agid intagraied iatobiberdedieaniar istiuegiraoéBETnoomt ise no-

C“laé%%?ﬂb?e%ﬂ‘%é‘{ﬁ é” f'r P &3 ﬂfd‘?%t%ﬂ‘&tﬁ trér 1 28L et hat
than 4 % by weight, re erre the total of the mass, of at least one
modifying agent, which contalns silicon and which is able to connect

together low mo- lecular fragsients @fPES, isddenl niivedraht edloREd toot
10528t tih Arsesond e i1 pRtainesk ipAEE! is & fHydedimfher t he
re[sT%ectlve c%eswed form, the extruded
I'east one nodifying agent, which contains
silicon and which is able to connect together |ow no-
| ecul ar fragnments of PET, is then mxed and allowed to

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
and integrated into the nol ecul ar structure of PET form
is cooled for maintaining the anorphous form

- in athird step the anorphous product is
subj ected for a controlled transformation into the crys-
tallized formto a tenperature treatnent, and

- in afourth step the fornmed crystallized
product is obtained.

The inventive crystallized pol yethyl ene
terepht hal ate, PET, which contains silicon in a bounded
and integrated into the nol ecul ar structure of PET form
may be used as a substitute of polyethyl ene terephtha-
| ate, which contains no silicon, for exanple as

- raw material for the preparation of a pre-
form

- raw material for the preparation of fibers,
W res, sheets.
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amorphous product, which contains silicon in a bounded and integrated
into the molecular structure of PET form, 15 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 formesl crystallized 20 product is
obtained. The inventive crystallized polyethylene terephthalate, PET,
which contains 'rlig?ré }nr aeé)ogﬁge%. andn'{née%r tqI into the mo*ecular

d itu

structure of PET fornt, may be Gsed A5 R stntitute 'o?pblr)}\éﬁm@ eng' are€

tefihitmedsilatet WhicheRREIRBhoCdiRde for example as raw material
for the preparation of a pre- form, raw material for the preparation of

fibers, wires, sheet £ : f this i ) .
dofined i 16 dbRerten S B lowe e 36 WESATHadE ™! O ©

pdERdi SRS Ginfintd BEHR" €884t ihD¥&BH. @ Fhereby also reference

is made to the figures. Figure 1 shows the microscopic analysis of
amorphous PETRhiainedAcegrding & Higexaeprigabias taeriengd gur es.
further below.
Figure 1 shows the mcroscopic anal ysis of
anor phous PET; obtai ned according to the exanple 1 as
mentioned further bel ow

Figure 2 shows the mcroscopi c anal ysis of
crystallized PET; obtained according to the exanple 1 as
mentioned further bel ow

Fromthe inventive crystallized pol yet hyl ene
terepht hal ate, PET, which contains silicon in a bounded
and integrated into the nol ecul ar structure of PET form
may be prepared by neans of known injection noul ding
technol ogy any preform Wen before the injection a
suitable colorant is added to the nelt, then a corre-
spondi ngly col oured preformis obtained.

From such a preform nmay be prepared by neans
of known bl owi ng technol ogy any commodity: for exanple
cl osabl e containers of any shape. Such containers may be
used for the uptake of food, for exanple mneral water,
soft drinks, vinegar, oil, or of cosnetic articles, for
exanpl e creans, shanpoos, gels.

It is preferred to prepare froma preform by
means of the blow ng technol ogy bottles for the uptake
of mneral water or of soft drinks with or w thout car-
bon di oxi de (CQ).
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Figure 2 shows the microscopic analysis of 10 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, 15 may be prepared by means of known injection moulding
technology any preform. When before the injection a suitable colorant is
added to the el then 2 sariesspondingly colouredreforn isabtainegl;
From such a preform may be prepared by theans' 26 4F kiGwi b owing
te&i¥fology any commodity: for example closable containers of any

shape. Such containers may be used for the uptake of food, for example

e e, LU P Lo -

example creams, shampoos, gels.

prefr B B4R eHlowig BBANAbgY BBtREG8 theSiitBkE ot he
minevad vwatee opobsatdrimks/witlo tor bethbut téreboprddaads éBOhy 6means

Theaseomaadties pax Pe saCYRRA aftagthelc e W&%??U%%Bﬁﬁ?é t hey
treatment the amﬁrﬂ%hoitls pel- Ietsgés obtabned at the end of the second
e

stéﬁ) bfthe' 89 H5dd2d hi? nBf 6 %&Hé}%rocessed by means
The follow ng exanples illustrated the present
i nvention.
Exanple 1

300 kg of crushed, washed and dried fl akes
fromwaste-PET bottles were given into the hopper of a
tw n screw extruder.

The fl akes had a size from2 mmto 10 mMm

The velocity of the extruder was adjusted such
that 5 kg of PET flakes could be processed in one nn-
ut e.

In the 12 zones of the extruder the tenpera-
ture was from230°C to 280°C.

The tenperature within the nelting zone was
260° C.

At the nelting zone of the extruder was in-
stall ed a dosi ng devi ce.

The dosing device conprised a rotation punp by
which the velocity of the addition of the nodifying
agent was adjusted. Wth the dosing device were dropped
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of standard injection moulding technology, because they stick together
during the preheating. The following examples illustrated the present
invention. 10 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 mim. 15 The velocity of the
extruder was adjusted such that 5 kg of PET flakes could be processed in

one min- yte. | g?e 12 zo of,the extruder the tempera- ture was from .
23 b b o T sl e AR S St A TGB! AT N
th&lnfelting zone of the extruder was in- stalled a dosing device. The

dosing device comprised a rotation pump by 25 which the velocity of the

osing devioe compris 'p by 25 which the velocity
ieré'ﬁ?o‘étpeﬁ 7O e B e e e e

mitS €tk Fdr tRE pRECRERI O SHPk( BEARs were used 3 1 of

hexamethyldisilazane.
In the follow ng zones of the extruder the re-
action took place between the nelted PET and the nodify-
i ng agent.

The gaseous side products were drawn off in
t he degassi ng zone by neans of a punp.

At the outlet opening of the extruder was in-
stall ed an underwater pelletizing system (Master 1000)
of BKG Bruckmann & Kreyenborg G anuliertechnik GrbH in
D- 48157 Minster / GCermany.

The di ameter of the obtained anorphous, trans-
parent and clear pellets was fromabout 1 mmto about
3 mMm

These anorphous pellets may not be further
processed by neans of standard injection noulding tech-
nol ogy, because they stick together during the preheat-

i ng.

On a vibration transporting table of BKG
Bruckmann & Kreyenborg G anuliertechni k GrbH were con-
verted the anorphous pellets into crystallized pellets.

The crystallized pellets were mat and white.

From t he anor phous pellets was made a m cro-
scopi ¢ analysis which is shown in figure 1.
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5 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. 10 At the

outlet opening of the extruder was in- stalled an underwater pelletizing
system (Master 1000) of BKG Bruckmagn & Kreyenborg Granuliertechnik
GmbH in D-48157 Munster / Germany. The diameter of the obtained
amorphous, trans- 15 parent and clear.pellets was from about 1 mm to
about 3 mm. Thrﬂjs%rgn%r%h%wme i‘i}slmgé nBf EZ %r%he\’\r’a %ro%ressgeg%g/e a
m&aisE BF§RHErRIRRICYIBh AMHHG teeh-ShEVEy | Bedalugl e stick
together during the preheat- 20 ing. On a vibration transporting table of

BKG Bruck & G ioct - ]
the amgzj;:hgjiqgellég?%%of& rs%SaII?zeg peﬁégﬂgﬁgﬂéﬁgﬁé@gggg' €s

wéte hEtlafd Gihite 953N B amBRoHBYsSdIRts Was &S RFieR. and

scobaainalysis which is shown in figure 1. 8 From the crystallized pellets
was also made a microscopic analysis which is shown in figure 2. It is

obvious from fiqure.l that the molecules | .
t is obvious fromfigure 2 that the structure

of the nolecules of PET is fixed and that the materi al
is mat and white.

Bot h t he anor phous and the crystallized pel -
lets had a silicon content of 222 pg/g of pellets.

Fromthe crystallized pellets nay be prepared

by nmeans of known injection noul ding technol ogy any pre-
form

Exanple 2

In anal ogy to exanple 1 were used 3 | of
t etraet hoxysil ane i nstead of hexanethyl di sil azane.

There were obtai ned anal ogous results.

Exanple 3

In analogy to exanple 1 were used 3 | of poly-
et hyl hydrosi | oxane instead of hexanethyl di sil azane.

There were obtai ned anal ogous results, but the
col our of the anorphous and of the crystallized pellets

was grey.

Exanple 4



of PET are free and that the material is transparent and 5 clear. Itis
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- 10 lets had a silicon content of 222 pg/g of pellets. From
the crystallized pellets may be prepareddy means of known injection
moulding technology any pre- form. Example 2 15 In analogy to example
1 were used 3 ]I Rf t%tgi\ethost(i)lagga( instE%d J;_)f hexametshé/adiiilagafge. of
There were obtained ana?o%’ous reSUIra P xampYé% %01R%ha ogy 69
ex@nile Nherd @l 91 dffphradhahyiesadRintyindicsd sizane and
hewamethyldisilazand. Hle¢ng wensdehtahetianalegous@ssltafbu theedi ng
colayr qf th p a ystallized pell was grey. 25

Exz(yn S?é’ 4 grﬁ:%}géna%gy}% to%gjx%grrqg%%l’ \%eaﬁegfséﬁqé 85{ Sl?g of
diphenylsilandiol instead of hexamethyldisilazane and were added in
finely powderedTioemebyweeans lof aifaedingnatrego T ereserd added @8-

9 BRYMBBECI n the exanples 1 and 2.
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5 There were obtained analogous results as de- scribed in the examples 1
and 2. 10 Patent Claims 1. Crystallized polyethylene terephthalate, PET,
which contains silicon in a bounded and integrated into the molecular
structure of PET form. 5 2. Crystallized polyethylene terephthalate ac-
cording to claim 1, characterized in thatitbe crystal- lized form has been
obtained by a temperature treatment of amorphous PET, which contains

silicon in a bounded and mtegrzi_x;eg mtto the molecular structure of PET
form. 10 3. Crystallized polyethyiene%re%a@e ac- cording to one of
claims 1 to 2, characterized in that it has an average molecular weight of
not less than atnouthQ/@@&M iCryatapigedaiciyateylene éerephtitedatatas;
1§;;Eelr lgims.1 cterized in it il

contenit from 1 0 937’3'85 SdetiRga sl Haag%egrﬁgsiﬂg%} ated

ram of the total
Cﬂy@,faqﬂlztelaepd%tﬁ(}l'éh@rte%%matg&ﬂéea@ feofdifg t@BRE of claims 1 to 4,

characterized in that 20 the crystallized polyethylene terephthalate is
mixed in any mixin Qtv4ih #¥%RO mw&m@% fPePXyAt RS Witle ac-
poly lene, PP, po ?Lrbonﬁte PC, or.pol ethylene tereﬁ)htha ate
8%@%&.&%8'% ﬁh aracterize crystal -
Ilzed form has been obtained by a tenperature treatnment
of anorphous PET, which contains silicon in a bounded
and integrated into the nol ecular structure of PET form

3. Crystallized polyethyl ene terephthal ate ac-
cording to 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 polyethylene terephthal ate ac-
cording to one of clains 1 to 3, characterized in that
it has a silicon content from 120 png to 700 pg per gram
of the total of the mass.

5. Crystallized polyethyl ene terephthal ate ac-
cording to one of clains 1 to 4, characterized in that
the crystallized pol yethyl ene terephthalate is mxed in
any mxing ratio with any polyneric material, for exam
ple with pol ypropyl ene, PP, polycarbonate, PC, or poly-
et hyl ene terephthal ate, which contains no silicon.

6. A process for the preparation of anorphous
pol yet hyl ene terephthal ate, PET, which contains silicon
in a bounded and integrated into the nolecul ar structure
of PET form characterized in that

- inafirst step is added to nelted PET not
nore than 4 % by weight, referred to the total of the
mass, of at |east one nodifying agent, which contains
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6. A process for the preparation of amorphous 25 polyethylene
terephthalate, PET, which contains silicon in a bounded and integrated
into the molecular structure of PET form, characterized in that in a first
step is added to melted PET not more than 4 % by weight, referred to the
total of the 30 mass, of at least one mattifying agent, which contains 11
silicon and which is able to connect together low mo- lecular fragments of
PET |s then m|>((ze \{ﬁnd ﬁ\llowed f’;\ct in anseceng ste he o] ta'vr\l/erorlo-
product i9'ex25 edin the respectlve desweg orm, ?ﬁe exteude(?
arh€&®hbas préAeTERhRhMonktkds siliéoh ea JoukEEd aa bt t o
intodhetmolecular structure of PET form, is cooled for maintaining the
amorphous form, and that the amorphous polyethylene terephtha- 10 late,
PET, which contains silicon in a bounded and inte- grated into the

molecular structurt f PESERPRTiSbERalfed. 90TAL ProddsOitoidihg €%
totctainhe® charadreeriesgecthay e thedirsiestep dnenmddifyinexagarded 5

WhigR CAREIS $ifieRapd W}t}ﬁ‘?*bﬁ %%E%PHE”%‘?W g6therdoy bounded
moleg ular fraaments of PET, |s|8 in aqn:l1 amount of not mor t}?)aéfff
VEighP U afehisg in ahoaM EnFB F5th8fe fahurdd 6{?\#& orm

exagnsloh ad for mai ntai ning the anmorphous form

and that the anorphous pol yethyl ene terephtha-
| ate, PET, which contains silicon in a bounded and inte-
grated into the nolecular structure of PET form is ob-
t ai ned.

7. The process according to claim6, charac-
terized in that in the first step the nodifying agent,
whi ch contains silicon and which is able to connect to-
get her | ow nol ecul ar fragnents of PET, is added in an
anmount of not nore than 3 % by weight, preferably in an
anount of not nore than 2 % by weight, for exanple in an
anmount of not nore than 1 % by wei ght and not |ess than
0.5 % by wei ght.

8. The process according to one of clains 6 to
7, characterized in that in the first step the nodifying
agent, which contains silicon and which is able to con-
nect together |ow nolecular fragnents of PET, is added
in the formof a powder or of a liquid, and that it is
especially selected fromthe group consisting of
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amount of not more than 1 % by weight and not less than 20 0.5 % by
weight. 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 25
in the form of a powder or of a liquid, ariipthat it is especially selected
from the group consisting of 12 silanes of the general formula 1 5 -
disilazanes of the gfe?%r%forgflq H FIS siézarz ne]sé)rf thq general formula
[l 10 s ~ ~E,st wherein If The formutad f o Ml1the r8SidHes I!i and R’ are,
independent from each other, a C, to C6 con- taining straight or branched
alkyl group, 15 - silicone oils, esgecially oils on the basis of
polyphenyl-methylsiloxane, polydimethylsiloxane, or a 1:1 mixture of
polydimethylsiloxane and polydlphenylsi; loxane, diph(ﬁ}ylsilandiol, 20 -
polymethyihydrosionan@f*aﬁd—ﬁmy@ﬂﬁﬂhydrosiloxane. 3

0

l

Rr1

- disilazanes of the general fornmula Il

T1 FF
H 11
R1—8i—N—=8&—R! ()

Y

- silazanes of the general forrmula II1

R1
R )

R1

wherein in the formulas | to Il the residues
R und R are, independent fromeach other, a C to C con-
tai ning straight or branched al kyl group,

- silicone oils, especially oils on the basis
of pol yphenyl - net hyl si | oxane, pol ydi net hyl si | oxane, or
1:1 m xture of polydi nethyl sil oxane and pol ydi phenyl si -
| oxane,

- di phenyl si | andi ol ,

- pol ynet hyl hydr osi | oxane, and

- pol yet hyl hydr osi | oxane.
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9. The process according to one of claims 6 to 8, characterized in that in
the first step the melted PET is "virgin"-PET or waste-PET, post
consumer PET waste, for example obtained from crushed, washed and 5
dried PET bottles, including any mixtures of "virgin"- PET and post
consumer PET waste, and has a tempetgture from about 260C to about
300C, especially about 260C. 10. The process according to one of claims

6 to9, characted'ize[j in that in the first step,the mtodi- 10 fying agent is
. , he Hrocelt'as accords n .ooeg[g aIrIBGtO
added continuotsly Into the melling zore of a tvin screw extruder. 11.

THe pleRasaatesidirftd dhe bfélaints 6Ne 10, 'charsdteizddm tat fned
thenstissep the pae: HOETIMe bewewes-thEMelrssPEdargliher  PET
m%ﬂ&f‘(@ﬁ 1P 598 %dﬁ@ﬁ@%ﬁi’é‘?yn {Ne IOMPEFILTRAF thJRALRA LT
and in dependency of the length of the melting zone, is from about 3 to

atfut 86 hiRlitd04b! ¢he grHGE LU @AY tFoNE Y &RiRE 6 Y6 1a! N" -
chiaEactanziepsthat ontherssicoRE Btemttee 20arnlihg ©f the extpedext ur e

Proddchia perlizeddn W atel espeeip!saRet beapspsiwaienpaliRtiziih .
or by cooling of a continuous string in a water bath, followed by a
pelletizing. 13. The process according to one of claims 6 25to 12,

characterized inlthat i escaoRsstas o dk-ngudedl stiagdfascrai s 6
Cregs sectigafAc@>@MmAed® in that in the first step the nodi-

fying agent is added continuously into the nelting zone
of a twin screw extruder.

11. The process according to one of clains 6
to 10, characterized in that in the first step the reac-
tion time between the nelted PET and the nodifying
agent, in dependency of the tenperature of the nelted
PET and i n dependency of the length of the nelting zone,
is fromabout 3 to about 10 m nutes.

12. The process according to one of clains 6
to 11, characterized in that in the second step the
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 one of clains 6
to 12, characterized in that in 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 cross section.

14. A process for the preparation of crystal-
Iized pol yethyl ene terephthal ate, PET, which contains
silicon in a bounded and integrated into the nol ecul ar
structure of PET form characterized in that



10

15

20

25

30

round, an angular, for example a 3- to 8-angular, or an elliptic cross
section. 14. A process for the preparation of crystal- 30 lized polyethylene
terephthalate, PET, which contains silicon in a bounded and integrated
into the molecular structure of PET form, characterized in that 14 the
amorphous product as obtained accordiry to the process according to one
of claims 6 to 13 is subjected for a controlled transformation into the crys-

tallized form to a temperature treatment hat5 -t )
The cc%dl ng

- rpho r'o ucti:E as OBF f?rnm%d a
crystallized product'is oBtam Y5 e process accord'f‘ng I8

chaPad-heripsPremat frCehtidiatie teatmeht ot dBalfstBrmhatids

of sy perarpdodpragiuchimie aldrgstatizad srodust is sealizedmattehe crys-
te ture,fr 5 ' tleaspa 30
miﬁ%ﬂi %%egegighaq 3L#|r]1§ éﬁ:)emqr?(?ﬁvttglaf&tg ; %%?]J]?S 1%.§8rhgﬂp#([)cess
according to one of claims 14 to 15, characterized in that the crystallized
polyethyl- ene terapm¢hdlatenteas am gserge mekbcplandveighti f nuidt E ned.
less than about 40'000. 17. Crystallized polyethylene terephthalate, PET,

which contains igcoq_'n a bounded and integratedt into }he mollezi:ularh
structure of PET form, HtAhS6ESE AaEerding to clarm » charac-
terized in that the tenperature treatnent for the trans-

formati on of the anorphous product into a crystallized
product is realized at a tenperature from about 135°C to
about 165°C during at | east about 30 m nutes, especially
during about 1 hour to about 2 hours.

16. The process according to one of clains 14
to 15, characterized in that the crystallized pol yethyl -
ene terephthal ate has an average nol ecul ar wei ght of not
| ess than about 40' 000.

17. Crystallized polyethyl ene terephthal ate,
PET, which contains silicon in a bounded and i ntegrated
into the nol ecular structure of PET form obtainable in
t hat

- inafirst step is added to nelted PET not
nore than 4 % by weight, referred to the total of the
mass, of at |east one nodifying agent, which contains
silicon and which is able to connect together |ow no-
| ecul ar fragnments of PET, is then mxed and allowed to
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
and integrated into the nol ecul ar structure of PET form
is cooled for maintaining the anorphous form
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20 - in afirst 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 rthe respective desired form, the
extruded amorphous product, which contains silicon in a bounded and
integrated into t_heirp]olecylﬁwlr rstcguc ure o{ BET forrp %(())lijsscogle l5(():rt i s
maintaining the amorpﬁous form,sl5e'?n a ﬁir(?gpepbthe amgrp%ous

prodittas sapjet®d Rr aQUYntRIIE8 &rahsAiTa@bABAI0AAe IcAi? thillgedr YS-

formlto azempesathre treatnienipandinadouritle stapethe, forned
crystallized 5 product is obtained. 18. Crystallized polyethylene
terephthalate according to claim 17, obtainable in that the process

according to one di'tIAmEBd 16 =& &Rritiout AaTRSECoHNG &bl 264
palyeibyienhe itsrepht aDnlealate, PET, which contains silicon in a bounded
and integrated into the molecular structure of PET form, as a substitute

of polyethylene jerephthalate, which con- tains no silicon, for example as
raw material for{t ep ﬁfac‘rla%):l'&g%rgpl yethylene ter ep)%tnﬂa ate
according to claim 17, obtainable in that the process

according to one of clains 6 to 16 is carried out.

19. Use of crystallized polyethyl ene tereph-
t hal ate, PET, which contains silicon in a bounded and
integrated into the nolecular structure of PET form as
a substitute of polyethyl ene terephthal ate, which con-
tains no silicon, for exanple as

- raw material for the preparation of a pre-
form

- raw material for the preparation of fibers,
W res, sheets.

20. Use according to claim19, characteri zed
in that the crystallized pol yethyl ene terephthalate is a
product according to one of clains 1 to 5, preferably
prepared according to the process according to one of
claims 14 to 16.

21. Use according to one of clains 19 to 20,
characterized in that the crystallized pol yet hyl ene
terephthalate is mxed in any mixing ratio with any
polymeric material, for exanple wi th polypropyl ene, PP,
pol ycarbonate, PC, or polyethylene terephthal ate, which
contains no silicon.



15 form, raw material for the preparation of fibers, wires, sheets. 20. Use
according to claim 19, characterized in that the crystallized polyethylene
terephthalate is a 20 product according to one of claims 1 to 5, preferably
prepared according to the process according to one of claims 14 to 16.
21. Use according to one of claims 19 ta@0, characterized in that the
crystallized polyethylene 25 terephthalate is mixed in any mixing ratio

with any polymeyic material, for example with polypropylene, PP
polycarbonate,%g o%%lyae%ﬁycféréé pe&e%ﬁth%@%e,gv{/hlc Lo al:%]% r¥oo 21,

silfcoar a6t 2211368l abeorbliRf totdie 6 dah® 19 1@ d1 peharatieyizeasn
thalctheptiystallizee polyethytene itarepmyhaiate isgnixad imany mixiagy ma-
ratiq withy an - terjal, which i it forthe rafj apre )
foﬁr%ﬂo?lekaxr,r\l@?ecvh\ﬁt!‘lagpo ;’étr{: Erﬁg tZ?é? h(t?hrflugatg?I v%%%: ggr%inog n(? pr_e
5 sif@®pm for exanple 'with polyethyl ene terephthal ate, which

contains no silicon.



