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-1 - METHOD FOR | NJECTI ON MOLDI NG POLYETHYLENE
TEREPHTHALATE BACKGROUND OF THE | NVENTI ON 1. Field of the

| nventi on The present invention relates to a method for injection

nmol di ng an uncrystallized or crystallized pol yethyl ene terephthalate into a
desired nol ded form such as preform with pre-drying omtted. 2.

Background ArprepafraRebheds Aychhe PQosgishyl ene terephthal ate (PET) produced
by bul k pol ynerizing of ethylene glycol with terephthalic acid or dinethyl

terephthalate is an uncrystallized and transparent material. The PET whose
noi sture cogtRercrdpsgomot reach an equilibriumhas further _

noi st ur e- absorption characteristics and thus when the PET is nolten in a
noi sture absofbed condjtjon, a hydrolysis devel ops to pre- vent the PET

p )
from bei ng not Hedrese TWERTLPRI Y5 AEGSPET HATPERSS vifén PREBREENG GYglic
tenpera- turel3BEPE PY CUIVESSing ARi-ieginperrhonity)le Hac shespeedencred!
sonewhat to haveeastadhesiatelghtw acteristics. The adhesive characteristics
causes theyFET pellets to be poorly bitten into by a screw and thus not to

when | di.n On_the oth hand, a crystallized PET pellet, even at
get ]:arerger ate ur 2‘?%%6\?2 1pciang, ,al_'ste‘iﬁlys &Fanﬁi,"?ytPﬁéi”é%y“%Ebf‘%g §9rs har dness
producing polyamides (nylons) by ring-opening addition
polymerization. The most important lactam is &-caprolactam, the
cyclic amide of e-aminocaproic acid, which is mainly used for
15 producing nylon 6 (Perlon®). The most important way to produce
g¢-caprolactam is the cyclohexanone oxime route, whereby
cyclohexanone is reacted with hydroxylamine to form the oxime
which is then subjected to a Beckmann rearrangement to form
g-caprolactam. This classic production route is in need of
20 improvement, since it requires more than one step and inevitably
by-produces sulfates or other by-products.

More recent processes for preparing cyclic lactams therefore
utilize w-aminocarbonitriles as starting materials.
6-Aminocapronitrile, for example, is prepared by selective
hydrogenation of one of the two nitrile groups of adiponitrile.

25

US-A-4 628 085 describes the reaction of 6-aminocapronitrile with
30 Vater in the gas phase over a specific acidic silica gel at 300°C.
By diluting the substrate with water, ammonia and
hydrogen/nitrogen, it is possible to obtain caprolactam with
quantitative conversion and a selectivity above 95%, but over
just 150 h the silica gel deactivates with a marked reduction in

35 conversion and selectivity.

A similar gas-phase process is described in US-A-4 625 023. Here
a very dilute gas stream of 6-aminocapronitrile, adiponitrile,
ammonia, water and carrier gas is passed over a silica gel and a

40 copper/chromium/barium titanium oxide catalyst bed. The
caprolactam selectivity is 91% from a conversion of 85%. Here too
the catalyst is found to deactivate rapidly.

US-A-2 245 129 describes the preparation of linear polyamides in
45 a two-step process. The first step comprises heating a 50%

strength aqueous solution of 6-aminocapronitrile at 220°C for 20 h

to obtain a low molecular weight intermediate, which is further



and havi ng noo?atsol%/e‘;s?;?/Se7 characteristics. Thus, material manufacturers dry

an uncrystallized PET pellet at a tenperature of 150[err] to 160[err] C to
produce a dehunmidified and crystallized PET pellet which is sold as a
comercially available nolding material .2 This causes the ordinary and _
commer ci al | y ReAymembeed AT the becante strepeafbqrepBinyrid lkmd erceswk waseal | i zed
PET. The uncrhesteabkes exkrtivéd.whi ch has been sold by sonme of materi al

manuf actur- ers, has-to be dried to effect dehum dification and crystal -
-2- lization by nolding manufacturers before use. Therefore, the

crystal | | zeg WEP-do3t} | T OREFEIHPaTEARSUBCHALFESE AR 100 1 y avai | abl e
product, wh? |aninpecaprenitridel ix echePESrmeahan aguemoy isedupiomuigtto | n ol di ng
a product usicuprohectdn aas 288°0TAMTREI field®\Vighdlfeinotiyt Béldw absPEdq has

DI St ur e- abs Qi t1bA Odh GIWADREL £ldP rkG3adddi f 38 flaspr bs noi sture to some
extent varying with control conditions before It 1s used as a nolding

material; thus it is customary to dry prelimnarily the PET i medi ately
bef ore nol gj fR-2-2 029 t%ledeaboikesf auprdmersss fou eprldmgihgsh the prelimnary
drying at a teupenetapwriftribé €0 cBprbliditan RELRQSRLUFES sclfeckBECEIGH PEr
of Tod mat or e o Y B1 pidert bE oXidedh Wyl GulloRy SR LRSS o P oq 10
of fed mater .
an injection r?grdlg%’%ln&n%uﬁﬁ%’qﬁéggg’ iOn‘%e\Ilnletne:l%ﬁr qranee#f“eﬂtfehﬁﬁU’q he
power consunpth 8ﬁ°’?"e‘8dﬁ"&’&’ff8’r“&r’&i“ﬁ§ TPqeddoro?t & ddser 3PrephBnsThexi st
in that itlgeﬁé§§1ﬁsF§ndQ§PrﬂPﬂ% a%® geRE as suspension catalysts in stirred
batch autoclaves. Caprolactam is obtained in yields of up to 83%.

However, complete removal of the catalysts from the desired
caprolactam presents problems, since caprolactam is capable of
forming compounds with the soluble constituents of the metals
used, or very fine particles can be formed by mechanical

20 .
stirring.

US-A-3 485 821 describes the cyclization to caprolactam of
6-aminocaproic acid in aqueous solution at 150 - 350°C.

DE-A-952 442 discloses a process wherein 5-formylvaleric esters
are reductively aminated in two steps to obtain caprolactam as
well as aminocaproic esters.

30 ys-a-3 988 319 describes a process for cyclizing 6-aminocaproic

acid in methanol or ethanol as solvent. However, to avoid
secondary reactions of the 6-aminocaproic acid, the amino acid
has to be dissolved so slowly that it is not present as a solid.
This requires temperatures of about 170°C. Furthermore, the water
content of the solution must not exceed 40%, since open-chain
polymers are otherwise formed. The water of reaction has to be
removed if the alcohol is to be re-used.

35

Ind. Eng. Chem. Process Des. Dev., 17 (1978) 9 - 16 states that
the cyclization of 6-aminocaproic acid in water to caprolactam

leads to significant oligomer quantities unless concentrations

below 13% and temperatures of around 300°C are used.

40

45 A. Blade-Font, Tetrahedron Lett., 21 (1980) 2443 - 2446,
describes the cyclization of 6-aminocaproic acid as a suspension
in toluene in the presence of aluminum oxide or silica gel by
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preparatlons before the nol ding operation, and that a nmal- functioned

dryer affects seriously the nolding operation. I nj ection nol di ng neans
omtting the prelimnary drying can be, devised. As such nolding means,
there has been known a vent type nol d|3h machi ne i n which an injection
screw in a HWelQVRd e Fhrisrates ﬂf\ﬁ%&lpm Far fulitdegargsiandof £heecond
stage, and t¢rRPuediactame Tentcehalyst dasotocre mashediwith methylede stage i s

renmoved to tdiﬂdviﬁevﬂetﬁéﬁdlughdatwrpblyﬂwm&tarséllpi%lbﬁa\@&ﬁ wiehh the

stages. | i delhyd Wehér KRQWN cYGHY lath:Qﬁ g?é Neist E&gﬁft}w\,\ﬁrgﬁvg
of a feed|F guﬁfo;t:bc?e fa'nrd5t75§t6};%?- I’.Lromt e rear a [
hopper ocated to a nmetering zoneée 8t dnt end is forned in a deep

groove; pellets of the material resin fed fromthe hopper in a humd
condi tion arEp-miuensisieidsersbesrineg cbemzm@ncemmheaamw cBgbny

setquentlal | yed qumglg@gftyv Eﬂé&rhﬂ,&n ”@hé trgggg%’p%\fgm gads through the
metering zo |

- 3- Tﬁelgcr&% \éragg?/rg Br%lﬁzmg Q-_é f?)l?c ﬁg ST BPoove, so
that when three'?ﬂqu“@nt]P"esEiHmﬁ-ga'f‘?%ﬁéFeP?éd to the groove, the pressure of
the molten resin is reduced due to the rapid increase in the groove depth

of the screvwg Q. 8aysers t}ﬁas@iﬁeé”ﬁ 89 £¥atidnl BE Jeﬁn'lﬂo{:g oeicvgggéfged
and the noi St BoE rated,

whi ch noi sture, ¢ Eﬂft%“ b?h&lssol"l %Sercsré:%vvré'g hA588 ﬁt{%g‘l’\%ﬁ Hhi ng

by a vacuusn hélq&”q; 0 to 3500 C in the additional presence of water,

It is known to crack nylon 6 back to caprolactam. Under the

action of acidic or basic catalysts at elevated temperature, the

cracking frequently takes place under the action of water vapor,
20 ie. in the low pressure range.

Chem. Ing. Techn, 45 (1973) 1510 describes the industrial

implementation of a cracking process for nylon 6 waste using

superheated steam and concentrating a caprolactam/water solution
25 to recover the caprolactam.

in EP-A-209021, the cracking is carried out in a fluidized
aluminum oxide bed.

30
In EP-A 529 470, potassium carbonate is used as nylon 6 cracking

catalyst and the reaction is carried out at 250 to 320°C with
simultaneous distillative removal of the caprolactam under
reduced pressure.

35
All these processes for cracking nylon 6 to obtain caprolactam

are disadvantageous because of the need to remove large amounts
of water, which is very energy-intensive, and catalysts such as
phosphoric acids and the salts thereof, potassium carbonate or

40 alkali metal oxides. In the case of the gas-phase reactions, the
polymer is heated to temperatures which are generally within the
range from 270 to 400°C and cracked together with water in a
fluidized bed reactor. By-product formation and deactivation due
to adhesive clumping of the catalyst bed are the consequence.

45
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resin whose rm? st{Jre content has been renoved in this manner is fed by

screw rotation to a netering zone at the front end of the second stage, and
then to a position in front of the screwto a store, in a simlar manner to
an injection nolding machine having an di nary mechanism The nol- ten
resin thus stBrédd gW n] ¥cdegcriRPy Gabcecesh dox prepaningypelyanisiesaby
novenment of tdeacthpeco+amisgriewibdés oritht eapamyganothe cummsenceadf an.
Al t hough geneshlspliotie-cofia@yiRftcatalFHE fnlexhipe ighoBphbPit Wik, may
al ow even 2 diisghbRoug B89 RypdiibSpREPMIN duliafOLel UiheaPIRIi0l,! 0 be
nol ded vmthg)ué rtngdp(rmeélim naﬁ dsFI’%I‘FI’éB Suc uglf Jl_str}%t ag |qi to all
resins, and with respect & tHR S BRPTTRLM FF% A néf"g Y 8%%9%ed one,
the pellet | CEPFLERBMANFLBIPT dLSBTPFESS Ated RPRETEGUER (RYEWEEN: 80Be
accunul at ed, agseREBYC tdnd PETelevatied boggaurec haheeerembentt e andn&6 bam tohe
biting by theferur awlbeawirsudat regirhy pobDyantiidehihterimedietovdmy itak séddrd be
fefl.h Ats ?hreséﬂége bbm@ﬁzf?sé%eeﬁdﬁ’é&xfgefcﬂéfﬁté‘ég&ret eopfé;sortﬁhhrune@quam £®! di ng
wi t hou . ng . OV -

"BGRABHEYi OlprliBLPL Eldd LAt He Uatle"¥1RY SHRARY eud $eboerarnre.

conventional vent -t e. I'njectyon unit. . . .
The present iR/ &Rt %r’rzse J&E\?l g%‘ﬂ “l°3e§8?'?7’é YHGht eRRLYATAe: hRteed2Rent i oned
convent i onal PEEER) BRtiosm hbelyinplecahar ieightapobmidesof In lgenemadnt i on to
provi de a nettidsé Berondjsdepi 0on cmirdedgotheairdeT byemihigals . afhd@rgduats ent
type inl ecti athusnobt tneiTalreyesheéxs1N19assi 0 phoBbhdiutgcRmprisimar Yhdiyi ng,
e Al L A e e Ced & cortain
anount of th?ﬁ%&?‘g%%{%%aa%n é?l cf(lf:lnle%gxggtl nj'ection mol d a desired t ranspar ent
nol ded form such as a preform and use the preformto produce a thin-wall
contai ner w two @5/ 096&Pdescribes a process for preparing cyclic lactams by

‘ reacting aminocarbonitriles with water in the liquid phase in a

20 fjixed-bed reactor in the presence of heterogeneous catalysts
having no scluble constituents under the reaction conditions. The
reaction takes place in water or in agueous solvent mixtures. The
reaction temperature is generally within the range from about 140
to 320°C at elevated pressures within the range of up to 250 bar.

25 the disadvantage of this process is the formation of undesirable
by-products, such as oligomers which are uncrackable under the
reaction cenditions and 6-aminocaprocamide. Furthermore, when
alcoholic solvent mixtures are used, unwanted esters will form,

for example ethyl 6-aminocaproate.
30

DE-A-44 43 125 describes a process for preparing caprolactam by
heating é-aminocapronitrile in the presence of heterogeneous
catalysts and water under elevated pressure wherein a first step
comprises reacting a mixture of nitrile, water and an alcohol in
the presence of the catalyst to form a mixture I which, as well
as the desired caprolactam, further comprises water, alcohol,
6-aminocaproic ester, ammonia and high boilers, such as
6-aminocaproamide and oligomers of caprolactam. This mixture is
then subjected to a distillative workup to obtain an overhead
fraction, caprolactam and a bottom product. For further
processing, the overhead fraction can be returned to the first
reaction stage. However, if desired, it can also be fed together
with the bottom product into a further reactor, optionally again
mixed with alcohol and/or water and/or 6-aminocapronitrile and
then likewise reacted to form caprolactam and worked up by
distillation. If desired, it is also possible for just the bottom
product of the distillation to be returned to the first reactor

35

40

45
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-4- The present invention according to the above-nentioned purpose

enpl oys a vent type injection unit in which an injection screw conprising a
first stage and a second stage is rotatably and novably nmounted in a
heating cylinder_ having a vent, and lini?s the feed rate of the material
resin to a felH iR apfurkker inescter aqptionahly \admixeq peltimweter cmd/iort i n
such a manner al¢eholt,heechederd andr egain dorkedOip aC Ubta bl capielbOtam. If
conpr essi on edesizdd,t hheNBétidmlbbro@sit dan 8054 BReddahoxad m&'tﬁsﬁf?é‘@rv}a%ét ate
bef ore reachi B ARG 08 o4 Yhehodfo %J&%Qt P{n&ﬂea&& €4 A08%: 2 TS
limtation |,55 g ftq}%gfgvoﬁle ﬁ | ong C ew ve in
a receiving zone, a 3 e 7 aEhg™att 8F|r? §8Ft% ogiCE he
first stage i28dPhied wd gn‘&?"reé'r aplah liarF@ §éEt¢3€ﬁ?albeaP%%1tQ§ ipha Sertdwrgr oove
in the feed zBRRCtA apHi thkeydisgi vookedampuhor sapiralaczan. (o obysimlddaded

pol yet hyl ene temepidiloal adeepandugbsiiad by thes [ProlckBs paity i@r webesHPyt £8d i S

| oaded in therboRDQS tAs SvdtHeatl fladePnNah8 H% Rbasbh c@Ngr bl et ed.

Al though il alﬂﬁ&%rﬁgheté NkalifC aﬁ:% aggglk %r e‘}f ece 25 eV\éqi gcvgh

t he above-nentione %cgyw ng ﬁongl 'S se d n r"=1 ¥hah

sectional are2 oI°RHEE ev&"gﬂt BvELiSt 2881 ZYHS, nﬁc%%ﬂ aiesskeRgPBhal area
thus set causER3F4Ar FEsidenge tipen i PPtRaNEE hish corvensieni ahd nigt ¢éheng
time to beconset¢anshersehadditionetjutapstalsexpdratesi foi sthmseaptef£razll e t hat
the former accewnired.orThismakekothe gdocebs é@drio@nficai Qﬁ@%&v&@tefg%%@st he PET
Lhe compr oesi opred "Q‘E‘fmegsa HE AL 360 e WA ol priBUs DL Eed e
to the rretemgkg:“;e Ehe U gl&?n?a]l“f %c F’%\l/\‘/re& ch e?gs tq gpg'énwti?él t her eby

So
maki ng t he st "ﬁ@ 8'16 lﬂB?"[‘%‘?P?e?FHGE%‘ffl cient to

It is an object of the present invention to provide an improved
process for preparing cyclic lactams from w-aminocarbonitriles.
More specifically, the above-described disadvantages which render
the process uneconomical shall be avoided at least in part. In
addition, the novel process measures shall ideally obviate long
residence times in the reactor through recycling of a major
proportion of the reaction batch or high capital expenses through
workup of the reaction batch in separate reactors.

20

25

We have found that this object is achieved, surprisingly, when
o-aminocarbonitriles are first catalytically converted into
oligomers and these are then cracked to cyclic lactams using
superheated steam.

30

The present invention accordingly provides a process for
35 Preparing cyclic lactams of the formula I:

45 where
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I nprove the vent effect in a vent opening of the second zone. In
addition, the nolding is perfornmed in such a manner that the heating
tenperature on the second stage side of the heating cylinder is set to a
val ue | ower than the heating tenperaturée on the first stage side, thereby
preventing adkt al 18dBKYERIGbCcaLkehe evgdeallyhwropsyhe®ndd nol ten resin.

The renoval of the noisture content in the resin fromthe above-nentioned
heati ng cylinder i, er oggﬁﬁ bej u r r.edu pressur.e by
means of a vgguuri%;rg 'é/m (%é%ﬁngg%s%%%o? g?,n‘%%%r“ﬁ?fle?%ee\sagﬁyv\%é?' 3

i nj ecting dFri ng ‘Yper 8Ei BrEY FEURREF iSTIEEEFh g NIPRENIRIITe QT pPR] ARCEPEE set
to a val ue Tower £4¢8nhtheagremme gopsbstinga ol nglktlhe crdioaddanteand mryd vent up
due to the forward novenent of the injection screw. An injection nolded

preformis i ' ; I rotransferred. ta.a blow ng nol lere it can
be stretch-b%%lr?g%g%%lﬁtoga %Sp(’é'é ald“loﬁgrégﬁ%taril&gr °%ut\(,:¥?$ ggrﬁufahi#f‘wall

bottl e. BRI EF DESCRI PTI ON OF THE DRAW NGS Drawi ngs show an exanpl e
of a vent g_ﬁpe i njection unit capable of performng the injection nolding
met hod of the present inventiBRIN +Rwhic®h:  FIG(II1)is a schematic

| ongi tudi nal sectional and side view of the vent type injection unit
according to the present

where R! and A are each as defined above, in the presence of a
15 catalyst, which comprises:

a) converting said nitrile II into an oligomer mixture,

b) adding a catalyst K1 and treating said Kl-comprising oligomer

20 )
mixture with superheated steam.

For the purposes of the present invention, the term ”"alkyl”
comprehends straight-chain and branched alkyl groups. Alkyl is
25 preferably straight-chain or branched C;-Cjj-alkyl and especially
C;-Cg~alkyl. Examples of alkyl groups include in particular
methyl, ethyl, propyl, l-methylethyl, butyl, l-methylpropyl,
2-methylpropyl, 1,l1-dimethylethyl, n-pentyl, n-hexyl, n-heptyl,
octyl, nonyl, decyl and dodecyl.
30
Cycloalkyl is preferably C3-Cg-cycloalkyl, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl,
or cyclopentylmethyl, cyclopentylethyl and cyclohexylmethyl and

cyclohexylethyl.
35

Aryl is preferably phenyl, tolyl or naphthyl.

If 6-aminocapronitrile is used as the w-aminocarbonitrile of the
40 formula II, then oligomers include, for example, compounds of the
formula:

HaN(CH3}5~COENH{CH2}5 -COJmNH-CH}5-X
45
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i nvention, and FIG 2 is an enlarged side view of a screw provided in the
vent type injection unit of FIG 1, in which a front end thereof is
omtted. DETAI LED DESCRI PTI OF THE PREFERRED
EMBODI MENTS In the Figures, the nuneral 1 indicates an injection screw

which is rotéﬂ&ﬁ@y and novably inserted into a heating cylinder 2. The
i nj ection screvsl ahwbole shmberstmd!m tthab 20w screws having a deep groove
section and & sisalcNeWCOIR,0\CONHS &t icobuar € connected to each other to forma
single screwr @ng, an greM/deS|gn such that a screw portion 10 |ocated

in the rear WE”H&% gghfggt#%gyﬁéllnder 2 conprises a first stage

(10), mhlle a scre front portion thereof conprises a

second stage (20). _ - 6- The
above- nenti oned hegatHy ylinder 2 includes a vent openi ng 3 on the mal!
portion on which t reap, portion of the second stage 20 is |ocated, which

opening is encl ose and conH@E@@H “Wth a vacuum punp (whose view is omt-
ted). On tfg rear man portion on which the rear portion of the first
stage 10 is located, There is bored a feed port 4, which is mounted with a
hopper 5 for PET pellets (herein- after sinply called a resin). On the
outer periphery of the heating cylinder 2 and a nozzle 6, there are

provi ded band

15 (caprolactamiminopentyl nitrile).

The oligomer mixture may further comprise residues of
6-aminocapronitrile and/or other precursors of caprolactam, for
example 6-aminocaproic acid, esters and amides.

20
The novel process for preparing the cyclic lactams I is
preferably carried out continuously, although the cracking can
also be effected batchwise or semibatchwise. Suitable reactors
will be known to those skilled in the art and generally include

25 tubular reactors and heatable stirred reactors which, -for process
step b), are equipped with an apparatus to feed or introduce
superheated steam and optionally with a distillation column.
Suitable reaction vessels are described in Ullmann’s Enzyklopddie
der Technischen Chemie, 3rd edition, Volume 1, page 743 et seq.

30 suitable reaction vessels for working under superatmospheric
pressure are found ibid., page 769 et seq. Suitable distillation
columns are described ibid., page 429 et seqg. To avoid any
condensation at the top of the column when distillation is used
in the production of higher boiling cyclic lactams, it is

35 preferable to use a thermostatable column head. If desired, step
a) and/or b) and/or a subsequent removal of the water can also be
carried out in separate reactors.

Step a)
40

A first embodiment of the process according to the invention
comprises converting the nitrile II into an oligomer mixture in
water in the liquid phase. The temperatures generally range from
about 100 to 350°C, preferably from about 120 to 250°C. The
reaction time generally ranges from about 1 to 48 hours,
preferably from about 2 to 24 hours.

45
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heaters, though omtted in Figs., for heating the resin fed by screw
rotation fromthe above-nentioned feed port 4. Bot h t he above-nenti oned
vent opening 3 and the feed port 4 have gn opening width with substantially
the same size as the pitch of the screwthey face. . _ FIG 2 shows a screw
desi gn of theTE%d%L"’dgﬁPFb‘Plﬁf WRteEt Qo nosappcerbenitiiilen ip ngenez@ldyof t he
first stage 18ithin tdessangrl froagebowt ih0lhd tv&lall peefsdablyi wittbhouthé: 4,
t hus the secomdngé ayem?8bost foasnedtshuytier than the first stage 10. The
first stage 10 is divided into four zones which are, fromthe rear, a
receiving zgne 11. a feed zone 12, a conpression zone 13 and a netering

zone 14, whi | &ntHeisyaghanty 4o Poapineparbgeityike ofhtke fasmudafFbrig he
rear whi ch aradvartag¢opshy Usked dnceaipsresdibouiz gneol2ferind Thisesersidsy thene
23. I n theptiostar:t pgebldhn aFd fohieimeebadcstgporfing e aihevatisodyasaed
23 onbeps esLpRetse, 1) 1ot ) 0F flac BECERTH 8500 Asen
an exce ; .

p_ mi)?éuii}e cggl ffél . %gggr an%i._]a_.g Jarrll%rt-zfo yen%’.r 5%1?;86@% (?&Vths

material rqgin ressi on_zones S
performed as ?'ﬁgfu FOE TR Lennpl Phatd cshYdRpGar PR, S PRGPINASUR4 and
23 is formed PRISF sigzgmatic hwWresarkensn shehsas dgnpereh tioluepeeand o reduce
as smal | as p®ziend e lantams) suichoasi gyrrofl iddme malkeh-swsitituted Nddtamgj r st

stage 10, thesael eas W-nethyirrbl 0dorid)e N-RAEEChYIdapréDaeakl orS set to a val ue

smal | er than jhermarcapriiciin’2a08 NS fcsﬁﬂof@&% égt%m' 'g%ekaﬁar?fyr e pitch

P3 of the ustgr] ﬁfll%ea&fds! %258k g [ &8 \iagges cvmr;e tae al ove- ment’i oned

screw pitch PFerkg%. e Screw Bl PR theCreé BRe2PM4nd the neteri ng

zone 23 of the second stage 20 is set in a simlar nmanner to the screw

pitch of the PréfdradlggetHd) w-aminocarbonitriles act as both reactant and
solvent. .

20
In the first version of reaction step a), a catalyst K1 is

present in the conversion of the nitrile II into the oligomer
mixture. Suitable catalysts K1, which catalyze both the formation
and the cracking of oligomers, are described hereinafter. In

25 general, if a catalyst K1 is used in step a), there is no need
for a further addition in step b).

The oligomer mixtures cbtained in this first version a) of the
process of the invention can generally be used in reaction step

30 b) without further isolation or workup. The ammonia which is
released in the course of the oligomerization can be separated
off during the reaction of remain in the system.

In a second version of the process, oligomer mixtures can be
prepared by the process described in US-A-2,245,129, incorporated
herein by reference. The further polymerization of the resulting
oligomers which is described there is omitted. Instead, these
oligomers are used for cracking in step b) of the process

according to the invention.
40

35

In a third version of step a), the nitrile II is converted into
an oligomer mixture in an inert solvent and in the absence of
water. In this case, the reaction temperature is generally within
the range from about 100 to 250°C, preferably within the range

45
from about 120 to 230°C. The reaction time is generally within the



The  screw gooovoeso e4|c;’t9ns70f the first stage 10 is set at the dinension

cal cul ated fromthe screw groove depth of the feed zone 12. In order to
limt the feed rate in the feed zone 12, the screw groove depth in the
above- mentioned receiv- ing zone 11 is det to a shallow depth such that the
sectional are&ange fhem showw §roowdd haursl sriedarably dthbhpvehea@ngenfrbmcr ew
pitch Plerr] dvea@nestd &80 hothbe. secti onal area of the screw groove of the
feed zone 12; while the screw groove depth in the netering zone 14 is set
to a depth shallower than in the receiving zone 11 in order to stretch the
nol t en resig I8y a8 RRVRANRIEPPE neMbodtRENt Qo yhdF o B EF HEBTRIPH ThEepEE Y one
21 of the stchep 8)agehe2@onyession ofanilewidesTIdbptd the ot tegmeromixpered ze
the noi sture izoRiEEBELed ihehsDpidencessn dDyatalppt Kr enssireatia@gset kDN,
while the ScryaNeghe0yeRks foh 1BeBAEI1AE Z2NEsekB inSsEEP B)Q BuYtdnie

deeper than i (}%*iﬁﬁg‘étf{ 'a2d é&é‘@ri&%d"fxaé&%&%?t .ﬁr?éhetik% rJIR56RY nBKI N9

easy the fee ten_resi screw raqtafion. o Jhjection nold a
nol ded arti&leé’d?échs%’g)_é:aﬁ%ﬁﬁ rﬁ%&%@‘"%ﬁfﬁ}'ﬁgr §§?‘5Ir1:lq?z§85?jﬁgli °@h%‘?‘6%ﬁ ng
the vent typaixHuge: ighianifer nyhetgreaeneans earehrstodsdehfe REnt first

t he t enper at wustomathendtdwis ngfay leixanple Zeciment mayg fiilerseicondrst age 20 i s
set to 270[ erddnt@ifugdthdrheshet@licahdeRody dndeappatdtng €yt iduieyidg out
containing thegd 68l MRGGpdE W HSmbin 58 E9x28PA8d hel rddinidafEened and
uncrystalli zg_q}eﬁgé'rt r&e’@@%g r(potlggnleai |ésa§Ieogq§deé el he above-nenti oned

hopper 5, e injectibn screw 1 %< caused 0 Y¥otate at a hi gh
speed (100 rpm. The pressure of the opening 3 is reduced to about -730 mm

Hg by the vaciii@ podPth vershen RET dedctihen haRpen) p ¢15domdr bhyiaurew a6 ation
into the receipdpided OhEinkl 10hheafetRy Latkerunt BEmprekes’ 89" ddiribed by

S.-I. Murahashi in Chemtracts: Inorg. Chem. 8 (1996), B89-105, or

by copper catalysis according to customary processes known to one
skilled in the art.

20

Prior to the further processing of the oligomer mixture in step
b), it is generally customary to remove the added inert solvent

25 and/or unconverted nitrile II and/or further volatile by-products
from the mixture as well. This can be done, for example, by
distillation, preferably under reduced pressure, for example at
from about 1 to 100 mbar, at temperatures within the region of
the previously selected reaction temperature, for example by

30 means of the distillation column needed for step b).

Suitable inert solvents for preparing the oligomer mixtures in

the second version of a) include the inert solvents previously

mentioned in connection with the first version of the process.
35

After catalyst K2 and/or further volatiles have been removed, the
oligomer mixture is used for cracking in step b), similarly to an
oligomer mixture obtained by the first version of the process.

40
Step b)

According to the invention, the cyclic lactams of the formula I
are obtained by treating the ocligomer mixtures with superheated
a5 steam in the presence of a catalyst K1 to crack and also, if
appropriate, to fractionate the oligomer mixtures. To this end, a
catalyst K1 is added to the oligomer mixture, unless already



receiving zonoeoslol"%’o%t%e feed zone, 12 is limted as a result of the
sectional areas of the zones, so that the PET in the feed zone 12 does not
excessively accunul ate, and thus even if _the PET is softened to an
et astoneric state, pellets are not masse® with each other due to
conpr essi on RFPSEBE Hre-stell al e Thef spperhrateds sheare foethe neraadmgntsis on
zone 13. demePRI1lgointenedced idte ftbedramrtdob2vesselonpyesisexd wiyh the
tapered surf asid gohei iRl BQiTR. EPBiHTahOBE dcdnple8HE®, ifort @xample, via dip be
mol ten, stretéfied andel e 8ht ! ViqiasbhfAlR orSond liftkekPe. ML IS fed Tnto
t he second stage 20t osc(% Srrperat re 1s_set to a va lig ower, trtl_%n t he
first stage® 10 TR SCT 6 § SV BroPhBIF RS 25083 Yf‘fﬁ'ﬁ@d‘i Car
groove, so thEiom RROBE &84 te 3P01hePRBfeRAP LYYl thins thetRRGP TFORaRRMY he
nmoi st ure cont3&® ton3PPRC .PENet tempgyeLiive ofakdiet bepenhecatad esttaam dat in the
nol ten PET t aydneradparaitdnt BRe efanee fxnbm cdboliti 240rd Gant@Ntprefet fiely sucked
and renoved tfy@uahthderamat £oHE kbouRd260 Mo t3agovacuum punp. The nol ten PET
whose noi sjgire content has been renoved in this nmanner is fed by screw
rotation to the netering zone 23 of the second stage 20 and further
pl asti cat ed, Tm@vehénddpapits af pasdiidi product donthefcdlimnsheady itno the stamee,
in a simlar ofmighet (bailling] B&dtzms , Mehéli dflumn head can be of the
thermostatable type, as mentioned above. :

15
The steam throughput is generally within the range from about 200

to 800 g/1 of batch - hour, preferably within the range from about
400 to 600 g/1 of batch - hour.

20 The product comprises an aqueous mixture or aqueous fractions of
lactams of the formula I, the level of I decreasing with
increasing duration of the reaction or fractionation. The end of -
the cracking is discernible from a temperature decrease of the
distillate at the top of the column. It is preferable. to use only

25 product-comprising fractions having a lactam content of more than
5% by weight, preferably more than 10% by weight, for ‘the
subsequent removal of water.

The bottom product of the fractionation in step b) can preferably
30 be used for renewed cracking.

Following step b), water and any low boilers still present can be
removed from the lactam fractions. The removal of water from the
lactam fractions is effected by customary processes known to one
skilled in the art. These include, for example, distillation at
atmospheric or subatmospheric pressure. If the removal of low
boilers gives rise to components which are suitable for use as
monomeric building blocks, for example 6-aminocapronitrile or
6-aminocaproic esters, these can be recycled into step a) for
oligomerization.

35

40

The process of the invention is preferably used to prepare cyclic
lactams which are not N-substituted. In this case, Rl is hydrogen
in the formulae I and II. It is further preferable to use the

process of the invention to prepare cyclic lactams of the formula

45



machi ne havi rPd’saor(qgrgcﬁ?nary mechanism As the nolten PET is fed, the

I njection screw 1 is noved backwardly and stopped at a desired position to
meter an anmount required for injection. After netering, the nolten resinis
injected and | oaded into a nold by forwktdly noving the injection screw 1.

Then t he presswhesefallidenenradizali ig 8ot subsanyeted.o Iabblis @56, ndn Hy and

mai nt ai ned byurishBsy2euten YA, delkylrehéni the Clorilaper aindonI. The

at nospheri c pressure. can be easily controlled by taking the outer air into
a suction line through val ve operation. The preformthus injection nol ded
was transpar dntissPartiqularily prrferadeyvfereCa- ReCamaidyjeneyiThg i s

per f or med b%fmabppmiﬂg) reyobidi Yagtamadofiadhendorhwlaliiness yYHbetypolactam,

hydrol ysis, aidapréadtas andarfirdidetasle content within an all owabl e range.
An exanpl e of the specifications of the vent type injection unit of the

present invention will be shown hereinafter: Injection screw (double
screw) ScreWheegyehiq [Dactam of the formula I isepartafuderiyy Rrsfsrdblyli anet er
(D) e-capdoandamd of Screw 26

(Lengt h) {‘%cr ew mnor dia.) Screw pitch

In a preferred embodiment of the process according to the
invention, catalyst K1 is a homogeneous catalyst. Preference is
given to catalysts K1 of this type which comprise a phosphorus
15 compound. Suitable catalysts include, for example, the polyamide
production catalysts described in US-A-4,568,736 which also
catalyze the cracking of oligomeric amides. These include, for
example, phosphoric acid, diphosphoric acid, methaphosphoric
[sic] acid and polyphosphoric acids. Further suitable catalysts
20 of this type include the salts and esters of phosphorous acid,
such as trialkyl phosphites, eg. trimethyl phosphite and triethyl
phosphite, and triaryl phosphites, eg. triphenyl phosphite.
Further suitable catalysts K1 are phosphonic acid, its organic
derivatives which have a phosphorus-carbon bond, for example
25 alkylphosphonic acids and arylphosphonic acids, and also the
esters and salts of phosphonic acid, the phosphonates, and the
esters and salts of organic derivatives of phosphonic acid, the
alkylphosphonates and arylphosphonates. Further suitable
catalysts K1 are the esters and salts of phosphonous acid, the
30 phosphonites. It is also possible to use phosphinic acid and its
esters and salts, the phosphinates. The aforementioned catalysts
K1 can be used alone or mixed.

In a preferred embodiment of the process according to the
35 invention, catalyst K1 is orthophosphoric acid or a
polyphosphoric acid.

The amount of catalyst K1 is generally within the range from
about 0.01 to 10% by weight, preferably within the range from 0.1
to 3% by weight, based on the amount of w-aminocarbonitrile of
the formula II.

40

Catalyst K2 is preferably a heterogeneous catalyst.
45
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First stage Screw 998 nm Receiving zone 128 mMm 52.0
mm 32.0 mm Feed zone 646 mm 45.0 mMm 38. 5mMm
Conpr essi on 64 mm zone theringzzone 160 nm 57.2 mm
77.0 nmm Second stage _Screw 672 mm Feed zone 448 mm
43.2mm Exampdes of ussbdecltenpgenecous gptadysipetlt iinglodpeacidicigo mm
56.0 mMm basit700 amphBeraw oxidesubifobhe pdegents ofl Gher pecdny.echind
stroke or foutZfl malin grouphien dheeplhlodit ¢apsé Alduchedsi¢alciumof t ened

0 the feed gone 1RagRES Bikde a%rbﬁa&?{cferr%ﬁ!uﬁu?n&nh%xﬁggprteﬁﬁ'og&dez&ne
13 Taster than 1AgUBRLYRR! bLes G elmeh o ails, (SNAIND ot ) glat dRean

uneven nelt
conpr essi on z‘g‘?fbttfe°?om’a?‘ti"€ﬁ ﬁ %"tﬂfemﬁé?°l%ﬁ6€? ehdetats g {}% FERPDned

nunmeri cal vathixd, foumh.efp éyn@htsx@ﬁht reangigien ngrruroRédthe merdpgéci nj ec-
tion unit allvalsle,heuch)sectziononmbindectige of i baide owimdedanesy @xdde and

thin-wal | paCﬂﬂﬁéﬂéiabwn&ﬁdmamsuﬁmeaaaﬁoﬁs}sddse Bifatd¥e o#ekht KW or
stretch-bl ey fmldiag. ¢, 3@@' e K[PW 8! b6L e BhOWEdTRdLDY oF dieoad! y

i
e 'pregf'oriﬁ% ShOAES and abERRTISH) RUPH AR BrLbRCOTIdEn o Fhtitn, oRide; ¢! "9

cont ai ner are‘praseodymlum oxide, samarium oxlde, rare earth mixed ox1de or

mixtures thereof with aforementioned oxides. Further catalysts
include, for example, vanadium oxide, niobium oxide, iron oxide,

15 chromium oxide, molybdenum oxide, tungsten oxide or mixtures
thereof. Mixtures containing the oxides mentioned are likewise
possible. Similarly, some sulfides, selenides and tellurides,
such as zinc telluride, tin selenide, molybdenum sulfide,
tungsten sulfide, sulfides of nickel, zinc and chromium are

20 usable.

The aforementioned compounds can be doped with, or comprise,
compounds of the 1st and 7th main groups of the periodic table.

25 :
It is further possible to use zeolites, phosphates and

heteropolyacids and also acidic and alkaline ion exchangers such
as Naphion® as suitable catalysts.

30 These catalysts may optionally comprise up to 50% by weight of
copper, tin, zin¢, manganese, iron, cobalt, nickel, ruthenium,
palladium, platinum, silver or rhodium.

The catalysts K2 can be used as solid catalysts or as supported

35 catalysts, depending on the composition of the catalyst. For
instance, titanium dioxide can be used in the form of extrudates
or as a thin layer of titanium dioxide applied to a support. To
apply TiO; to a support such as silicon dioxide, aluminum oxide or
zirconium dioxide, any method described in the literature can be

40 used. Thus, a thin layer of TiO; can be applied by hydrolysis of
organotitaniums such as titanium isopropoxide or titanium
butoxide or by hydrolysis of TiCl; or other inorganic
Ti-containing compounds. Sols comprising titanium oxide are
likewise usable. o

45



per f or med m%ﬁé’t%"processes and a so-called one stage

- 10 - type in which the injection nolding of the preformthrough the
stretch-bl ow nol ding of the preforminto a container are continuously
performed. In either of both the nethods3 the PET preform produced by the

L vl ”"'T%b”g’“*‘“ﬁ? ‘g“héa%@ﬁmggﬁ?? f;‘js’*@vﬂﬁﬁﬁw“ﬁhﬂ#ﬁg fngl0les eci lon
I n-wa co %hgeé t % fer, w. h n

| ded af W WE o1 di |8ﬁ in a
rcna?lseewhgr tee\r/v:gﬁ g i;gé’cg BohY s igdy - p?%‘?ed’r PPhERYY a&P“PFs°f‘1é’é‘r@“t‘€°Sa¥’P?ﬁ3ic in

which its sh&gédchi kept, the preformis released froma cavity and a
core, transgerred to a blowi ng nold when the surface terrperature of the

reformis b g I nt I nti.al at, and i medi ately
Stretch- bl ow%‘rtrlgl ﬁﬁ%@%% Q'FSCII’ ol A iRErar ﬁ’b mlvﬁf*gi'?%ﬂ resin: UNI PET
RY523 (manufactured by Uni pet Co., Ltd.) Nbl ded form flat bottle

D nensi ons: Examp¥&s$al |l height 250 nm port inside dia. 23.5 nm
| engt h under neck 230 nm body outside dia. 90x50 mm body wal |
t hi ckness ¥ 4 nm wei ght 36 g Preform D nensi ons:

Example 1:

In a 500 ml three-neck flask equipped with a 15 cm glass tube
vacuum column without packing, an inlet tube for steam and an

15 electric thermometer, 250 g (2.2 mol) of 6-aminocapronitrile are
mixed with 5 g of polyphosphoric acid (density 2.6 g/ml; 2% by
weight, based on nitrile) dissolved in 20 g (1.1 mol) of water.
The flask is heated by means of an 800 W reflector lamp. At the
top of the column is a column head which is thermostated to 80°C

20 and features a water-cooled supercondenser. The cloudy solution
is refluxed for 18 hours, during which the temperature rises from
133 to 155°C. The batch is then heated to 250°C by means of the
reflector lamp, 5 g of aminocapronitrile being removed as
distillate. Thereafter, steam at 275°C is introduced at 250°C at a

25 rate of 125 g/h, the superheated steam being superheated to the
desired temperature under atmospheric pressure in an oil-heated
coil (length 1500 mm; diameter 6 mm) and being passed into the
reaction flask. The caprolactam-comprising steam passed through
the hot reaction medium at 270 - 275°C is condensed at 80°C at the

30 top of the column. The distillate is collected in varying
fractions: 201 g of a 33.1% strength aqueous caprolactam solution
are obtained after one hour. This fraction further comprises
30.4 g (0.27 mol) of caprolactamiminopentyl nitrile (caprolactim-
(6-aminocapronitrile)) and a small amount of unconverted

35 aminocapronitrile. After a further two hours, 315 g of an 18.7%
strength caprolactam solution are taken off, followed two hours
later by 277 g of a 14.4% strength caprolactam solution, by 94 g
of an 8.7% strength caprolactam soslution after a further 45
minutes and 211 g of a now only 2.7% strength caprolactam

40 solution after a further 1.5 hours. In total, 1099 g of a 15.8%
strength (174 g of caprolactam) caprolactam solution are
obtained in this way over 7.3 hours. The end of the cracking is
discernible from a decreasing top-of-column temperature; the
bottom product of 21.5 g comprises catalyst and residual

45 oligomers and can be re-used for cracking.
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overal | hei ght 142 mm port inside dia. 23.5 nm | engt h under neck
122 mm body wal | thickness 2.9 mm body upper portion outside dia
28 -mm body | ower end outside dia. 34 nm draft 2/122 Preform

3 b i . .. Front
& g4l g%%eo r%'l(eéhﬂﬁgq.s

ront

g‘gISdi ng gondi:m&pﬁezm kajf@%iﬁemcxlrédggétg r e8tio!
270% 2;” C, n%ggr %%E'Lé% ‘l}% bégﬁ%z"zﬁ% £% %’%&Pﬁfr SUCIPASES, f‘f‘lgcﬁ
| nj ection nol ﬂefeé"rﬁ}éﬁl Y UYL LE6PSSF (k9 caprolactam. cayity nold: 15 C

Core nold: 15[err] C Injection pressure (dwell): 75 kg/cnferr]

Loadi ng dwebl gfij®e 6.0 sec. Cooling tine: 2.8 sec. Rel easi ng tenp.:
60[err] to 70[err] C (preformsurface tenpera- ture) Stretch-blow
nol di ng condi tions Mol d tenperature (set value): 20[err] C

Stret ch- bl ow by are@ppradwne asd8fecribe@ ifpExdnple surfcoweg of tenperature)

Bl owi ng pr esseamirvicaptemitigle 20 @ GTber sIxy1eBeoM G -dlrh fRed 27idnS§60 g

Per cent 0f13t6§t£ﬂ¥anium oxide at 160°C for 40 hours. Thereafter, the solution
is separated from the suspended titanium oxide and the solvent is
distilled off and the residue is distilled at 1 mbar and 156 -
158°C to obtain 600 g of pure caprolactamiminopentyl nitrile. The
bottom product comprises 75 g of unconverted aminocapronitrile

15 and 250 g of essentially crackable polymer.

In line with Example 1, 250 g of the caprolactamiminopentyl
nitrile are admixed with 5 g of polyphosphoric acid (density
2.6 g/ml; 2% by weight, based on starting material) and the batch

20 is heated to 250°C by means of a reflector lamp. Steam at 275°C is
introduced at 250°C at a rate of 125 g/h. The
caprolactam-comprising steam passed through the hot reaction
medium at 270 - 275°C is condensed at 80°C at the top of the
column and the distillate is collected in varying fractions.

25 260 g of a 33.8% strength aqueous caprolactam solution are
obtained after 1 hour. This fraction further comprises 78 g
(0.7 mol) of caprolactam-iminopentyl nitrile and traces of
unconverted aminocapronitrile. After a further hour, 146 g of a
20.2% strength caprolactam solution are taken off, followed after

30 @ further 2 hours by 300 g of a 14.4% strength caprolactam
solution and after another two hours by 258 g of a 7.9% strength
caprolactam solution. In total, 964 g of an 18.8% strength (181 g
of caprolactam) caprolactam solution are obtained in this way
over 6 hours. The end of the cracking is discernible from a

35 decreasing top-of-column temperature. The remaining bottom
product proportion of 15.5% comprises catalyst and residual
oligomers and can be re-used for cracking.

The yield is 67% from a conversion of 71%. The selectivity is
40 95%. Re-using the bottom product portion increases the
selectivity with respect to caprolactam.

45
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Longi tudi nal (axial direction): 190% Lateral (radial direction): 360x200%
As described above, according to the present invention, —the—-pi-eet+on—
mol di ng of an uncrystallized PET and thaf of a crystall| 788 ’FiEéE’w'f;{t;pmﬁ'H‘e
prelimnary drying onitted can be perfornmed by the enpl pynentREBFAYHE ve
type injection unit, thereby allowing a nolded article having little
hydr ol ysi s t @ebelaimai ned. A nol ded article having developing little
acer al dehyde due to overbearing is obtained so that uncrys- tallized PET
having a | ower comercial price can be utilized as a nolding materi al,
wher eby t hes fat ePi BFORR5S fPE PRRRACAAIAYC G 1nGhith @icbhe f¥@MlRed: for the
prelimnary drying can be saved even using the crystallized PET, thereby
allowing the price of a packaging container made fromthe PET as a nateri al
to be reduced. The prtsent invention has a further advant age in that the
injection nolding i se?ﬁ requi res no conpl ex operation and can be perforned
by enpl oyi ng conven\i o =700 di ng t eckhbl ogi es, thereby having a sig-
nificantlyiohigh utili®y value in this industrial field.
-12- What is cl allrred iS: 1. A method of injectiongnkding an o od
undri ed pol yethyl enegi terephthal ate enploying a vent-type | |
conpri s- ing a heating cylinder having an inside wall, a Mm Hnmn '
and an injection screw rotatably and novably nounted in t Jill he
| ength of said injection screw being divided into sequential first and
second st ddes, eambéref said first and second stages being divided in
sequence into a feed zone, a

Rl is hydrogen, alkyl, cycloalkyl or aryl, and

A is C3-Cjy-alkylene, unsubstituted or substituted by 1, 2,

20
3, 4, 5 or 6 substituents selected independently of one
another from the group consisting of alkyl, cycloalkyl
and aryl,
25 by conversion of an w-aminocarbonitrile of the formula II:
HRIN - A - CN (II)
30
where Rl and A are each as defined above, in the presence of
a catalyst, which comprises:
35 a) converting said nitrile II into an oligomer mixture,

b) adding a catalyst K1 and treating said Kl-comprising
oligomer mixture with superheated steam.

40 2, A process as claimed in claim 1, wherein said converting of
said nitrile II in step a) is effected in the presence of
water.

3. A process as claimed in claim 2, wherein said converting in
step a) is likewise effected in the presence of said catalyst
Kl.

45
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conpression zone and a netering zone, said first stage also h.anﬁ a
r

recei ving zone connected to said feed zone of said[ THis SEEETSHASBERN
receiving said undri ed poI yethyl ene terggh- thal te f rRIRLARED hop , said
vent being IoEat elg rOﬁgf o%étl}on corr %gno‘ngb (?r 1 gaﬂf%gaégpgrp‘; Jehe

second stage, "sai
pol yet hyl ene t er effithikrale rFIsd-PdSteP a) Hﬁpﬁ%ﬁe"te J‘E?ﬁ%llﬁl& SafU e rew to

rotate to thereby convey any poly- et hyl ene terephthal ate present in

heat ing s Syl fpbiacees as Gledibunin oGk E7\HcHeih 8 rcw"arﬁf“aét &
5 SteR fle'Br® {tﬁe(f%# ‘?téi a&e romt es & taelry%[e "kd: eedi ng

the receiving
and pl asticizing said polyethyl ene terephthal ate, mhereln the feedlng
rate of the pg|yei hpdeast 86 ephlinalial® either b5 dlaiinked dnd ap aaremngenent
such that the dep&&nﬁp‘ Stlhg remov PEC%}% WaRQY§st k2 RAd! LRI AppREpE ik, S

hal | th
making an apea avaﬂdam°§vsa?ve=éﬁ°fm5n°a°”§¥ 7 QS Eabdfod 35 9ﬁ§8Pe thus
mol di ng the pol yeR¥rR=aREcte, B ﬁap.g_t%llgomer mixhure, aftex %1968@%%,1?0”6

than in the feed imretepf a). said first stage. and renovi ng vol ati | e
subst ances fromthe pol yet hyl ene terephthal ate t hrough the vent.

A met hod of ipjection moldin dried oI hI I
according to ral%&m‘iﬁﬁér%?gc]s%f“aaa% fygh y gd”? QQ a‘sze;[}% ene
terepht hal ase in £aid) Gopverting ipoRtep &) nd’ts ﬁﬁ?%"tﬁﬁlaﬁ [%’f‘?“] 88 Eé Fea
?yal | abl e for saipregenpdliyserfromel2dihS8P@-in said feed zone of the
irst

8. A process as claimed in any of the preceding claims, wherein
_ said treating of said oligomer mixture in said step b) is
20 effected at from 200 to 350°C, preferably at from 220 to
300°cC.

9. A process as claimed in any of the preceding claims, wherein
said superheated steam is passed into said oligomer mixture
25 in step b).
10. A process as claimed in any of the preceding claims, wherein
said superheated steam is at from 240 to 320°C, preferably at

o
30 from 260 to 300°C.

11. A process as claimed in any of the preceding claims, wherein
said catalyst K1 is a homogeneous catalyst.

35 12. A process as claimed in claim 11, wherein said catalyst Kl
comprises a phosphorus compound.

13. A process as claimed in either of claims 11 and 12, wherein
said catalyst K1 is selected from the group consisting of

40 orthophosphoric acid, diphosphoric acid, metaphosphoric acid,
polyphosphoric acids, trialkyl phosphites, triaryl
phosphites, phosphonic acid, alkylphosphonic acids,
arylphosphonic acids, phosphonates, alkylphosphonates,

15 arylphosphonates, phosphonites, phosphinic acid, phosphlnates

and mixtures thereof.
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-713 - stage, and wherein the inject| GHISSHEW HAS 580
recei ving zone of the first stage, in eacRepfAc d
feeding zones of said first 17 and second stages anmd—Tnthe

first half of,eac i.d \ . . cQnpr i on, n of id
first and sec'(lz)ﬁbl gt (}foé:%glgsa? o‘_:rlr?el'ax?d in claim 13, wr%rg%?ns%ldé%t?g?%ysé%ﬁgw,lsand
the injection scr¥TWIRAPAPEES £Fothor a polyphosphoric agid.q (st half of

each of said conpression zones of said first and second

st agez t? eachs prSﬁ&(iggtﬁ ié]ﬁiﬁlleaeﬁécﬁcéxysakdtﬁé {p%taceding claims, whereinand
second stages is | nglLe W o

effectively m x an%d;t%r 5‘?2’6& %él % as ?ci:ilznegg 0 %/uélt%h%’f'gﬁlen the range from

t er epht hal at e. 0.01 to 10%.by welght g preferp .UH e Rj EIH ir&’??ﬁoffﬁ%é"én_
undri ed pol yet hyl éme3® by weight, based on wermphe¢ribonitrbled aim 1, wherein a
reduced pressure is established at said vent whereby

noi sture cont ai negd | L.d . . undried.pol yet hyl en .

er opht hal ave ts § AESrREe 29, Slainad i anecpEn oo b Keghe Hhezgipon
unit and extent of3¥h&FaLReK2pr8sd figFgrogeneous catalyst. varied during

the injection nolding to a | ower val ue. 4. A nmethod for injection

mol di ng an ungyi ed NQJUEENYE claimed in claim 16, whHeRBih&SHRNCHRAAI&K &3 Set
forth in C|a|n13,cg¥5yi EQ gémxlyg%tgﬁglox'de sulfide selenfag EHQ érl s heat ed
such that the tenperatyre i n the fIrst §tage ! ) 'S greater
than the taAper at tFEYAIENRE SIEBRAtS (Qfydhe 2nd, 3rd or 4th main groupy” Qft hod
for injection nolthn@ndn 3¥di 448, pdtyQmmpth transition group, of the -

t erepht hal at e as batthaoidés, mickhenadinildesei m ddodide, a phosphate, a

undri ed pol yet hyl g riopbepid il aheids dxtBahgsr Lidyaiatlidedhereos. -

pol yet hyl ene terepht hal at e. 6. A nethod for injection
nol di ng an ‘undri ed pol yet hyl - ) ) ene terephthal ate as set
forth in cPQi ¥4, 2 Hrecers ahclgdnedein claim 17, wherein sgigl gatalysen&?2
terepht hal ate i s fumtihest abhpzisgspat yddstl ene compound of the 1lst and/or 2nd
terephthal ate. main group(s) of the periddietbgpie.or injection nolding an
undri ed pol yet hyl - ene terephthalate as set forth in
claim1, wherein a preform i ) ) of a thin-wall packaging

cont ai ner b- ndIRregepy a% d@dmed in either of claimsplhgngpl8i righarein

I nj ection | ded.said catalyst K2 comprises at least one metal selected from

the group consisting of Ti, Cu, Sn, Zn, Mn, Fe, Co, Ni, Ru,
Pd, Pt, Ag and Rh.

20. A process as claimed in any of the preceding claims, wherein
said catalyst X2 is used in an amount within the range from
0.01 to 5% by weight, preferably within the range from 0.1 to
3% by weight, based on w-aminocarbonitrile.

30

35 21. A process as claimed in any of the preceding claims, wherein
Rl is hydrogen in said formulae I and II.

22. A process as claimed in any of the preceding claims, wherein
A is unsubstituted C3-Cjz-alkylene in said formulae I and II.
40

23. A process as claimed in claim 22, wherein A is C3-, Cs- or
Cii-alkylene in said formulae I and II.
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8. A nethod of | njection nolding an undried polyethyl enf Tqis sHERT HAS BEEN
terephthalate to claim1l, wherein a reduced pressure is REPLACED

established at said vent vvhereby i stugg contai ned in sard

undri ed poly yl.ene ter phth at rm d i

Vent- type.i Ay B FrekepEant Sedbge' 5 ook d%%‘?'%p 238 73, pherein said
vari ed during thela}crﬁaé‘cf’ifoﬁalrﬁ)l Bi"ﬁﬁ 13 & d'sl BV%QPI\? pgEam.

- 14 - 9. A nethod for injection nolding an undri ed pol yet hyl - ene
terephthalate as set forth in claimL, wherein the heating cylinder is
heated suchsthat the tenperature in the first stage is greater than the
tenperature in the second stage. 10. A rreLhod——f—ef—mV"ﬁ t1on nol di ng an
undri ed polyeth- ylene terephthalate as set forth_i vvherel n the
undri ed pol yethyl ene terephthalate is undri eﬁ[“ml “ﬁ‘ g‘ yet hyl ene
t er epht hal at e. 11. A nethod for injection ¥1 ed pol yet h-

yl ene terephthalate as set forth in claim1, V\/nerel n the undri ed

pol yet hyl ene terephthalate is uncrystallized poly- ethyl ene terephthal ate.
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