FOR THE MANUFACTURE OF HOVOPOLYAM 5 The invention rel abes to
a process for the manufacture of 4,6 fibers by nelt spinning
of honopoWe## 6?24, 6, to fibers and nUPETON anent yans oSFH%ﬂ%B4@‘By t he
process and the use thereof for the reinforcenment of rubber like in tire
cords, V-belts etc. The invention furither relates to a novel 10
honopol yam de-4, 6, a process for the manufacture thereof and the use of the
new honopol yam de-4,6 for the manufacture of fibers, filnms and injection
nol ded articles. Polyan1de 4,6 was descrlbed as early as 1938
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is describe ‘the solution to that_problemis.to c neri,se
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20 As of day one, the use of polyamide-4,6 in fibers appeared very
attractive and was actively explored. However, all attempts to make homopolyamide-
4.6 fibers of acceptable quality on a significant scale failed. A comprehensive summary
of knowledge on polyamide-4,6 up to 1998 is described in the “Becker/Braun
Kunststoff-Handbuch Band 3/ 4, Polyamide, Ed Carl Hanser Verlag 1998, Ch.3,
25 polyamide-4,6 page 549 — page 638" (hereafter referred to as the “Handbuch”). In
Chapter 3.8.3.1 it is described that the solution to that problem is to copolymerise
polyamide-4,6 monomers with about 5% polyamide 6 monomer (caprolactam) to form
copolyamide-4,6/6. This copolyamide-4,6/6 is marketed as STANYL ® fiber grade by
DSM in the Netherlands. it is emphasised that in the numerous publications describing
30 polyamide-4,6 fibers it is implicit that they are made of copolyamide-4,6 described
above and not from homopolyamide-4,6. The Handbuch describes that the
copolyamide-4,6/6 has a melting temperature of about 290°C, i.e. about 8 degrees
below the melting temperature of the homopolyamide-4,6, and that the melting
enthalpy and melt viscosity are comparable to polyamide 6 and 66 such that the
35 extrusion of the copolyamide-4,6/6 granules can be done in the same way as for
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enthal py and nelt viscosity are conparable to polyam de 6 and 66 such that
the 35 extrusion of the copol yam de-4,6/6 granul es can be done in the sane
way as for polyamde 6 and 66. Il 1O 1A Al 1A IOl 111 _*1661M WO
03/ 006724 WEPARIG2 00441 -2 There still_is however a | ongP¥ENO¥44 e (o

| nprove the quality of the copolyam de-%; 6 fiber and to be able to spin
honmopol yam de-4,6 fibers, al so because honopolyamde-4,6 is easier to
produce and nore readily avail able. Hence the main object of the invention
to provide for a process for the manufacture of honopol yam de- 5 4,6
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sai d properties coul d bAcagpding toghe jnvention thigissaghievedin thatthgr | y surpri si ng
since the ' { | it BbBRinaiof hembboIgamhiae-gdout two
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a melting gsadiabpyt20@ye to 140 J/g an'(':I a main nelting tenperature of 320
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that has, esskhp@befiesebildibg spon kefieys. Whislis paticularyarpridingssioee e melting t he
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enthalpy of the copolyamide-4,6/6 (73 J/g) reported in the “Handbuch®. It is especially
'surprising that such a high melting enthalpy can occur together with a relatively low
melting temperature since it is known that high melting temperature and high melting
enthalpy are associated. For example, Gaymans, the inventor of the polyamide-4,6
20 manufacturing process, describes in the “Journal of polymer sci., Pol. Chem. Edition
Vol. 15, 537 — 545 (1977) a polyamide-4,6 having a melting enthalpy close to 140 J/g
and a main melting temperature of 320 °C. In another publication by Gaymans
(“Journal of polymer sci., Part A: Pol. Chem. Edition Vol. 27, 423 — 430 (1989)) a
polyamide-4,6 is described that has, even at a melting enthalpy well below that
25 according to the invention, a melting temperature at the upper limit of the range
according to the invention. The invention hence also relates to a homopolyamide-4,6
having a nascent morphology with a melting enthalpy of at least 140 J/g and a main
melting temperature between 290 and 305 °C The inventors believe that the basis for
the good spinning processability of the novel homopolyamide-4,6 is in the extremely
30 high crystal perfection and molecular order reflected by the very high melting enthalpy.
With nascent morphology is meant that the polyamide-4,6 has never been in the melt
during or after the solid-state post condensation.
in the process according to the invention the homopolyamide-4,6 is
spun from the melt at a temperature between 10 and 20 °C, preferably between 10 and



havi ng a nascent norphology with a nelting enthal py of at |east 140 J/g and
a min nelting tenperature between 290 and 305 C The inventors believe
that the basis for the good spinning processability of the novel
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nor phol ogy is neant that the polyam de-4,6 has never been in the nelt
during or after the solid-state post condensation. In the process accordi ng
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305 and 315 C, preferably between 310 and 3 I n view of obtaining good
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fiber propeR®PClessmolymerislegradptionpasyrs resiing in dlawenvisqesity,dewrease adcor di ng

to the invepL. ) : [ It | range
160-250 m / 8‘?‘“3%?2‘?8@%%%6@%%{5%& tB e%'r"gf’ SY&EF‘@*?%‘“%”’%%E%‘“?’S@%The
vi scosi 15 nattbeexidbf fhe Inyalks$pirning appasatesofdhetvernidQicand 51E. peefersbly307 on a

sol ution of 5 of Lxam de 4,6 in 100 m of formc acid (90,0 nm nPg
density DzB%efgégwé"SP%)é-at 25 C. Al polyam de 4,6 granules are

cryogeni cal l'y ground t oin view of obtaining gdodfiberAfroperties andistabjespianipgl ymer i s
CheBompn: i B ettt el (RS DRI DB K e e
i n the extrgedsitphumbdasinttherange 160-250 mi/g, preferably 180 — 240, most preferably 205-
20 225 ml/g. The viscosity number of polyamide 4,6 is determined according to ISO 307
" on a solution of 0,5 gram of polyamide 4,6 in 100 ml of formic acid (90,0 m/m%, density
D20/4 1,2040 g/mi ) at 25 °C. All polyamide 4,6 granules are cryogenically ground to
particles < 2 mm. After grinding the polymer is dried 16 h at 105 C under vacuum.
In the process according to the invention the homopolyamide-4,6
25 preferably has an average polymer residence time in the extruder of less than &
minutes, preferably less than 5 minutes, most preferably less than 4.5 minutes. It was
surprisingly found that by using the novel nascent polyamide-4,6 a sufficiently
homogeneous melt could be obtained even in such very short residence times in the
spinning extruder, resulting in stable spinning and good fiber properties. The average
30 polymer residence time in the extruder is defined as the ratio of the total internal
volume accessible by polymer (in cc), calculated from the throat of the extruder to the
spinneret exit face, divided by the throughput rate (in cc/min). For ease of
determination, the internal volume hence includes also the part where the polymer is




m nutes, preferably less than 5 m nutes, nost preferably less than 4.5
mnutes. It was surprisingly found that by using the novel nascent
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stabl e spi nning and good fi ber properti'ei'. The average 30 pol yner residence
time in the extruder is defined as the ratio of the total internal vol une
accessi ble by polynmer (in cc), calculated fromthe throat of the extruder
to the spinneret exit face, divided by the throughput rate (in cc/mn).
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line wth spinning 1n a spi raw w n g machine or _off- line in a

separate damdpolyamide-4,6 andaf ghe rer speniharachisdessdhan &b 1 ity and
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pref er 20 y arHSZOQOh'olmiﬁ.(pYefefabdmtwe"QmﬁiOQjaW GOt mimin.jand subsequently drawn in
a drawing process preferably comprising at least 2 drawing steps. Drawing can be
done in line with spinning in a spin-draw-winding machine or off- line in a separate
drawing unit. In view of obtaining good drawability and mechanical properties the
drawing process preferably involves a first drawing step with a draw ratio of less than

25  80% of the total draw ratio, preferably less than 70% of the total draw ratio. The
drawing process is preferably executed at a témperature below 240°C, preferably
between 180 - 220 °C.

The invention further relates to a homopolyamide-4,6 fiber obtainable

by the process described above, wherein the homopolyamide-4,6 in the fiber has a

30 viscosity number in the range 130-200, preferably 140-200, more preferably 165-195,
most preferably 175 —185 ml/g. With fiber is meant a mono- or multifilament fiber. The
fiber has good mechanical properties like a high fatigue resistance, a very low creep
elongation, a low shrinkage and a high shrink force, a high elongation at break, and low
discoloration. Further the fiber has high temperature resistance and hence a very good



drawing process is preferably executed at a tenperature bel ow 240C,
preferably between 180 - 220 C. The invention further relates to a
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COMPriSiNG 2. torably is between 290 and 300 °C. As explained above the homopolyamide-4,6

20 according to the invention surprisingly has excellent processability for fibers, films and

extrudates.
The invention also relates to a process for the manufacture of a

homopolyamide-4,6 according to the invention. In EP-A-0207539 it is described that
polyamide-4,6 can be produced baéically by a 2 step process comprising a

25 precondensation step followed by a solid state post-condensation step (hereafter
referred to as SSPC step) below the melting temperature at temperatures between 225
and 275 °C. In all examples the SSPC temperature is however at 260 °C. No melting
enthalpies or spinning properties are mentioned. In Polymer 1985 Vol. 26, September,
Page 1582 - 1588 it is described that polyamide-4,6 produced at SSPC temperature of

30 260°C has a melting enthalpy of only 138 J/g and a high melting temperature of 305
°C. In the publications of Gaymans referred to above SSPC temperatures are
mentioned between 280 and 305 °C (Gaymans 1977). High melting enthalpies occur
only with very high melting temperatures. The problem of the known process is that the
homopolyamide-4,6 obtained does not have good spinning properties. This problem



25 precondensation step followed by a solid state post-condensation step
(hereafter referred to as SSPC step) below the nelting tenperature at
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mai n el ti thatg g Saﬁgwwratwﬁcnemg%@ @S@F’P ﬁ%‘é&e ga iaﬁeéil % e may
be consi de? f or$hotifyé é&thé ﬁ1§h tneratliic Sidd Mtﬁ&maiﬁ':‘rmtmgpééloévenﬁm sis

partlcul ar e case resi ence times 15 requir to achieve a

vi scosity ﬁmmedb%s%élmeiéﬂd g¥en ipgase thgee may ke %Q'P'SRP’GQM‘ C,
pref erably Dghdhue |ﬁ"{_é ify tRé §§P éae%&"/wms I pticul 2RIy ey caserfer rbbiaéné&)tlr%ﬁnd

usual |y essenti al 100 the area of the neltin obt ai ned
nascenf5 hm@ny@mmévma GISP@'MEPW%P%%W% 898& S%%I‘r%beg?"épol yner

b d t
1°- 0 am nafint SrREtAA el B C R aS ”iﬁ???eﬂ'?i‘%ﬁ‘33@?53?2'8”%’%‘%‘%”%

pr ef er abl y ebsentialiyn1Q®B% efrthb awea ofthedvelting pepk of therqbtqingd nasgeploach t he
has & vi DBTPRvalsarb s e R R Br 08 7 o o state pot
condensated to a The prepolymer can be made in the known way as described in EP-
20  A-0207539 by heating 1,4-diaminobutane and adipic acid at a temperature between
150 to 310 °C, preferably between 180 and 240 °C for a time sufficient to reach the
desired molecular weight (or viscosity number). Preferably the prepolymer has a
viscosity number between 3 and 90 ml/g and is solid-state post condensated to a
viscosity number between 160-250 ml/g. It is further preferred that also the
25  homopolyamide-4,6 prepolymer is prepared at temperatures below 250, preferably
below 240 °C in view of retaining optimum nascent morphology and maximum
spinnability. The viscosity number of polyamide-4,6 prepolymer with viscosity numbers
below 15 is determined according to 1ISO 307 on a solution of 5 gram of prepolymer in
100 m of formic acid (90,0 m/m%) at 25 °C, the sample being taken from at least 20 gr

30 cryo-ground material.
Preferably, in the process according to the invention, the solid-state

post condensation is performed in a water containing gas atmosphere having a dew
temperature at atmospheric pressure between 5 and 100 °C. At dew temperature
above 5 °C less discoloration occurs. The dew temperature may be chosen such that



viscosity nunber between 160-250 mi/g. It is further preferred that also
the 25 honmopol yam de- 4, 6 prepolymer is prepared at tenperatures bel ow 250,
preferably below 240 Cin view of retaining optinum nascent norphol ogy and
mexi mum  SEPWAAeETR4 ty. The viscosity nunber of pol yani de- 4APEU/NL&HHWHGher
with viscosity nunbers below 15 is det-efm ned according to | SO 307 on a
solution of 5 gramof prepolyner in 100 mM of formc acid (90,0 mMnty at
25 C, the sanple being taken fromat |east 20 gr 30 cryo-ground material.
Preferably, in the process according to the invention, the solid-state

post conde ation is p e Bgr?fa havi ng
a dew terrpBFXFﬁ)ﬁvg’eﬁ r&{eﬁgs 'gﬁg thn g?\é@su‘?eé"? @Prip%('ra%g and9§ Q%’E ﬁldew
t enper at ur ebel@b80805n16rd preferabihsbslow 7010, drwascfounds thalthe miainmeltinger at ur e nmay
be chosen such t hat Q06 / NL 2/,00441 7 1 I dex is-:
| ower than empepgturg of 3@%@@? CTVBQT' 3(5 S [SwWsr. é@f%&%’e Bﬁ%ﬁ%ﬁé . more
preferably &relduy \Fafbsf drjing\&sdry Genitiond friaytbecpemermedrtd redoge theavater aaintent  of
t he obt ai ned homﬁg{“é‘ﬁ e-4,6 is lower. After SSPC in the presence of

Y

wat er vaporof tee pel conditions may be perfornmed to reduce the water
content 5 of the pol yapheiavehtion further fefatésito iomdpolyahtde-4 €l cbtaisatile by the

honmopol yam de-4, 6 obtainable b roces ccord e of the
process errbU&F?ﬁ.srﬂcé’o‘Eﬂ’é@rc}PlaBeH"%B{th% prchEss 5'3?’?‘? %deﬁgrrﬁﬁ? %ﬁ?ﬂ e-4,6

obt ai nabl e patiddir HoMBPRREMIdENE6 Obfairlable B/the grozksd, avhepsih Yreosulidistate i on i s
performed at a tenperature bel ow 240 C, b"R‘ri{efe ab %{ﬁgl Wg;g!l i??? It is
observed t healygondensatian shesermeshat a tempg S&e[f’él‘h# PSR Véssent ially
SYMmet r{ Npige| £ |§6§$%R«ed'tﬁbtmarhbséb&n('ja‘uohammmﬂm@éhw a@ apreaks or

shoul ders at t erature side of the main t| g Esk and havi ng
at | east mntrqﬂréﬁeﬂw&rwgm erve. [ partiggariavingessentiaity o r?gﬁ Bkl ow a
tenperat ur est%ld%?éat@he h@h%ﬁéérﬁtlrréiﬁg&fg thefinammeltrhg peéarand havingbt least

t enper at ur es bet ween

r anul This
however r el 8%s preferahly98%sofie aieslobthel m¢|t|%P©ﬂth59W FL‘#’T‘Qg ﬂﬁlr?/HéﬁQ%&i resin

granul ate having a nol e I SOHaerddtigh al athre% betwednscosi ty
nunber of above about 2 5%1‘!3@ dﬁ{ém%@&o@p at rerosphere i mlarly DE 3526931

descri btk t186 ahcyZ.‘iﬁﬁI ofopohydenidend S@raradate. smsmwevepcﬁlgtamjecmaeng hat has
been pr epoI I%F \gelﬂa 3fgﬁlgrcﬁ%bfme%e fESIN %@ﬁtﬁﬁtgﬁhagﬁ\ WERBIe€R8r ﬁggﬁm 320 C

These refer po yarm ng a nascen nor phol ogy
with the reapnveentboummong a:laa/rsaosltymtmhecgf ahnverabbwg’%n eheolitedent i on nor

the suitabiilly, 880aisSns BE 3896041 udschsds tFe R/ bdiPcondensation at 250 °C of
polyamide-4,6 that has been prepolymerised in the melt at temperatures between 280
20 and 320 °C. These references do not disclose polyamide-4,6 having a nascent
morphology with the required melting characteristics according to the invention nor the
suitability and use thereof in fiber spinning.
The many advantages of the polyamide-4,6 according to the
invention as described above are not only manifest in fiber spinning but also in other
25 molding processes, in particular in those application where the material is essentially
unfilled like in films and extrusion molding. The invention hence further relates to the
use of the homopolyamide-4,6 according to the invention for the manufacture of fibers,
films, extrusion and injection molded articles.
The invention is further illustrated by the examples described below.
30

Preparation of the prepolymer
Diaminobutane (346 g), adipic acid (561 g) and water (72 g) were

mixed and heated in a closed and inertised autoclave to provide a homogeneous
solution. The polyamide salt was heated at a temperature of 205°C for 30 minutes.



The many advant ages of the polyam de-4,6 according to the invention as
descri bed above are not only manifest in fiber spinning but also in other
25 nol ding processes, in particular in those application where the material
is essentWﬂgpymﬁﬁﬁllled like in films and extrusion nol di iETFHERlent i on
hence further relates to the use of thdhonmppol yanide-4,6 according to the
I nvention for the manufacture of fibers, filns, extrusion and injection
nol ded articles. The invention is further illustrated by the exanpl es
descri bed bel ow. 30 Preparation of the prepolynmer D am nobutane (346 Q),

adi pi ¢ aci d r sed and
ref sca Sl IR RtAR fhe ks RS AR et 97

was heat ed allowingtveaterdo ®iscape wmemfwgntlrmoThe nmdégt wagpelisti essing
PCT/ NLO2/ OQﬁﬁkgwﬂgr ﬁ%qgﬁ\géﬁpjré ¥ ?(f‘@ tﬁr%%ﬁlt\ b%rf@?a%ﬂ%&ta‘f"ﬁl%té Wwitreasied i nto an

i nertised éric ve water to esca égrreans of
venti ng. Thi}arpebdiﬂJt3 s The white P@@dlwa pelistsshacka VNS 1%(5‘&/@ apg agpumber

temper ayur & g, é‘%pr ep&q g &?W it 86 GBRprhe@ BN LR i ardingret er s of

3mm T ymer and a nu
aver age nol cachdxylic and mtohwne end groups Thesonbtaingd prepolymermatesial was used he

am no, car O%géahﬂgmer@f !Jr‘{’ll\é thaestéwﬂo&rc‘a]f'l@&saﬁ p@ee%%géﬁbd&rm ymer

material wa as a startin e solid-state post
condensat i oFheohtained samples wermlyzed bwDSCRﬁsdQﬂ@ﬂbﬁm@léP@éﬁﬁP@émW@rtbe anal yzed

by DSC as ?ﬁgﬁ%gﬂ%ﬁﬁﬂ%eantdqhgﬂeﬁfn ayvern@ﬁlsédsn PnbBBeAI8s Wag and the

melting en e VIscosity nu I"'so was 10 eterm ned as descri bed
above. Tbhe mm:mmmmae 4, 6 materials were used for spin trials

to assess the spinnabily (ORfanidd-8 6HhatBAlalb Wefe DB cHHoHEin G ent  of
200 ppm and transferre gﬂ&nﬁw nlat%r'ogen at nosphere Int??éjﬁe hopper of

t he extruddo.asgess th@smgzmshlllty Thewolyatersiaerdjied te a mMAIEULGRIENL @ BMwi th an
18 mm scre ehetiuden thepi n
pack are d:%r'%I e‘?nred L%mgr %Eﬁg&&éﬁ%&?ﬁbﬁﬁh@?ﬁe hBﬁpé-IQilf)t/h mer nelt_is then
passed thr qmymer is meltad uging asinglessarew extruder with an|118énm sceayy diamgternThe ne

ori 11008 i SIS San@inirt g S BT BEpSEK efe i) WA HBXIIder 1211 20
the spi nhemamse polgrmermelt istbempassed smaugmassmmmea% hayting a metaldilerce tine
the. nent i oreRrc Wk pEo(E Gr{deiielef BEY i, Bhf Siand i spiierdt 12, 1
The as- ext rhave drifiteswith a diameter of 0.5 mm. The spinning temperature of the melt at the
spinhead was chosen between 310 and 315 °C, the a total residence time in the
20 extruder was chosen between 4 and 6 minutes. The conditions in the mentioned _
ranges were varied to find optimum spinnability conditions. The as-extruded filaments
are passed through a hot cylinder of 30 cm in length, which is located immediately
below the spinneret. The temperature of the inert atmosphere inside the hot cylinder
was adjusted to 300 °C. The filaments traveling through the hot cylinder were passed
25  through a cross-flow quench cabinet, located beneath the hot cylinder, where the
" filaments are quenched. In the quench chamber, cold air of temperature 20°C was
blown against the filaments in the direction perpendicular to the filaments
The as-spun yarns are drawn to various draw ratios in a separate,
multi-stage drawing process using an Erdmann “Drawmod" drawframe consisting of a
30 pretension roll, 4 heated godet ~ idler pairs and a winder. The pretension and feed rolls
are not heated and the first drawing roll is maintained at a temperature of 120°C. The
temperature of the second drawing roll is adjusted at values between 180 and 240°C.
The speed of the rolls is selected in such a way that an overall draw ratio between 3.0
and 6.0 is achieved. The drawn yam is subsequently relaxed using a non-heated godet

35 and wound onto a bobbin.



are passed through a hot cylinder of 30 cmin length, which is |ocated

I mredi ately below the spinneret. The tenperature of the inert atnosphere
i nside the hot cylinder was adjusted to 300 C. The filanments traveling

t hr ough t WéOB¥806@34 | nder were passed 25 through a cross-f | BGIYLAHIKH4L

cabi net, located beneath the hot cylind®- where the filanments are
quenched. In the quench chanber, cold air of tenperature 20C was bl own
against the filanments in the direction perpendicular to the filanments The
as-spun yans are drawn to various drawratios in a separate, multi-stage
drawi ng process using an Erdmann ' Drawnod" drawfranme consisting of a 30
pretension roll, 4 heated godet - idler pairs and a winder. The pretension
and feed rdhespinnabilitywassualitativaiijassessed #ssfollewsawi ng rol | is maintained at a

tenperature of 120C. Thge r?tu?%gﬁ ndwz'@o%&“?-ﬁ'g%?g@gg"iﬁ@m Tebledt) wass

adj usted at val ues betwee and " . e rolls is
sel ect ed i givenovhea: Uagrawnafara takewpris:not possiblereriwhenbe exteydate flomdhe) 6.0 i s

achi eved. | i, YRSy det

35 and RoustngpiebEhesa deral B IGRISHIN AR R{ ARG Br wheh Regiert g

spi nnabi | i byeakage qoeurs datingspinningssessed as fol l ows: The qualification of no
accept abl e [gQi Lo ar &nil ufpy o | Woian: UndUriivgwnyar n
take-up i s@gtﬂg@g‘g‘%’f éf é?roraﬂlgﬂah[ﬁﬁygt g’x'gﬂ)r.lrj at é) ?g%ﬁehe 5nspi nneretn IS

heavi | y deyaetakie up isipassible bus yambyeaksraecar duing spinpinger dlam@nt Breaks §8HRt  yar n

breakage o ' .0qi iyhi : ﬁ%éeémeﬂﬁgféidfity
("+ "in Téﬁ#ééyléwétgggag“?@é‘ﬁgvﬁgﬂquﬁd@g% y%rgﬁfit% gﬁgﬁﬁp I' S possi ble but yam
breaks10cc@d. during spinning or filanent breaks set in already at | ow draw
ratio's or when the dr . 4 u ; . The
qualification of good mrﬁ'g@ﬁ}ﬁmﬁ%ﬁj%@gg@@ﬁ? '\h/ahgb\gé?{\)gga_s\c/é%‘éerﬁ@hegﬁabl e
undr awn yaiStahie andratvngarr progaction lid gossitiey hlighed deaw raios ate possibiss rawhe. Dr awn
yarns have VE exceed) 24.. 15 Conparative experinent A The prepol yner was
post condeﬁggﬁiﬁ’ejq}té%ﬁg?%'[‘%%‘ of 260C in an atnosphere of nitrogen and
steamwi th a dew tenperature of 72C for a period of 29 hours to obtain a
product _wi th a VN.of 270 ml./g. The properties of the obtained sanple CEA
are |i§?edd§mﬂﬁ&g{l-€-§liﬂ—%—'éﬁp" perrpe arative experiment B ]
The prepolymer was post condensed at a temperature of 260°C in an

étmosphere of nitrogen and steam with a dew temperature of 72°C for a period of 29

hours to obtain a product with a VN of 270 ml/g. The properties of the obtained sample

CEA are listed in Table 1.

20

Comparative experiment B
The prepolymer was prepared as described above. The prepolymer

was post condensed at a temperature of 230°C in an atmosphere of nitrogen and
steam with a dew temperature of 72°C for a period of 23 hours. This product was melt

25 extruded at a temperature of 320°C with a residence time in the melt of 1 minute. The
resulting strand was granulated. The granulated polymer so obtained had a viscosity
number of 150 ml/g. The melt granulates were post condensed in the solid state at a
temperature of 260°C in an atmosphere of nitrogen for a period of 15 hours to obtain a ,
product with a VN of 230 ml/g. The properties of the obtained sample CEB are listed in

30 Table 1.

Comparative experiment C
The prepolymer was post condensed at a temperature of 260°C in an

atmosphere of nitrogen and steam with a dew temperature of 72°C for a period of 4



The prepolynmer was prepared as descri bed above. The prepol yner was post
condensed at a tenperature of 230C in an atnosphere of nitrogen and steam
with a dew tenperature of 72C for a period of 23 hours. This_product was
melt 25 exWPWd@P678¢ a tenperature of 3208 with a residence PETREO MM he el t
of 1 mnute. The resulting strand was 'd anul at ed. The granul ated pol yner
so obtained had a viscosity nunber of 150 ml/g. The nelt granul ates were
post condensed in the solid state at a tenperature of 260C in an

at nosphere of nitrogen for a period of 15 hours to obtain a product with a
VN of 230 Hdusk toldiaiR a@Edict &fth 8fVN BE160hRd. The preapties dFtHR obtainkd samdlei N 30
Table 1. Conparative experiment C The prepol yner was post condensed at a

t enper at ur € a%hﬁ@?‘fﬁ%‘i"ebt nosphere of nitrogen and steamwith a dew
tenperature of 72C for a period of 4 WD 03/006724 PCT/ NLO2/00441 -10 5
hours to obtain a product with a VN of 160 m/g. The properties of the

obt ai ned sdEX@MPle LEC are listed in Table 1. Exanple 1 The prepol ymer was

post cogdensed at a tenmid grepéigmel wabpdsticondensed at & terisefiature cfR50tCisher e
of nitrogen and steamw th a dew tenperature of

I . ) 72C for a er'Q:gvo{D 48
hours to otstatiched ipapatmesrhiera ofniegenrandisteanm wih afew tBWBE@“F’Pé’t ohe
obt ai ned s gpdfhdf 48HRul toloBehin 8 platiicBwith a VN 6PoB0MhIR. Thé propeetiesiofthel ymer

was post condensed at a tenperature of 242Cin a static bed in an

at mospher e abtaingd saprlp B pre dsted in \#R1e1a dew tenperature of 72C for a
period of 24 hours to obtain a product wwth a VN of 212 m/g. The
properties of the obtained sanple E2 are listed in Table 1. Exanple 3 The
pr epol YRer M%gt condensed at a tenperature of 230C in a static bed in

an atmosphere of nitrogme gafolfmBPARaY\bést condbrised alP finfienatarendf 242 s a
period of 48 hours to obtain afor_oductqggi h a \{é\l % 00 MI@_. W&Ef
properti es staticched in ap aymespheryoldltioges s&ﬁaé"\”f adlgw tampgiatyre pf or
03/006724 R JdNdtt24 s tooblain a product with a VN of 212 ml/g. The properties of the
obtained sample E2 are listed in Table 1.
15

Example 3
The prepolymer was post condensed at a temperature of 230°C in a

static bed in an atmosphere of nitrogen and steam with a dew temperature of 72°C for
a period of 48 hours to obtain a product with a VN of 200 ml/g. The properties of the
20 obtained sample E3 are listed in Table 1.



Exanpl e 4 The prepol yner was post condensed at a tenperature of 230Cin a
static bed in an atnosphere of steam (dew tenperature 100C) for a period of
59 hours to obtain a product with a VN of 196 nl/g. The pr ?) s of the
obt ai ned Y¥@9PBOEM 5 are |isted in Table 1. Exanple 5 The B&@E‘?y %/ﬁﬁéﬁl was
post condensed at a tenperature of 222¢t'm a static bed in an at nosphere
of nitrogen and steamw th a dew tenperature of 54C for 10 a period of 72
hours to obtain a product with a VN of 204 m/g. The properties of the,
obt ai ned sanple E5 are listed in Table 1. Table 1 Exp.SSPC T Dew T VN Tmi
H  Spi nnabgadole 4C) (C) (M 19) (C) (J/g) CEA26072?70309175-
CEB260Ni tr o 08136- CEC26072160293135- El 2507225030316?%#{- o
E224272212297160+ E32307EpreposmenwasnosiGondensed aka tempeamatiredf 2307681 55+ 15
10 03/ 006 7 2farfetidfth 38 dtigohers dfstéari(déhy tbmpratfi@ORBSCY foF a pBROJGNEY IKsuirsir & of
, [ y nelt

honopol yam de- 4, ers | spinnin of h_orm?ol yam de-4,6 having a
nascent nortpieblaing praduet wittha VN @fg19§rmlf9a|ngpepp§ iegof fhezobtainedhsample Edq o i n
meltinggte : reThskween 290 and 305 C. 2. Process according to claim
1, chargct ergr?lgglggai'n ?tﬂat t he honopol yam de-4,6 is spun fromthe nelt at a
tenperature between 10 and 20 C above the main

Example 5
The prepolymer was post condensed at a temperature of 222°C in a

static bed in an atmosphere of nitrogen and steam with a dew temperature of 54°C for
10  aperiod of 72 hours to obtain a product with a VN of 204 ml/g. The properties of the,
obtained sample ES5 are listed in Table 1.

15

Table 1

Exp. SSPCT | DewT VN Tm1 Hm1 Spinnability
(°C) (°C) (mlig) | (°C) (J/g) |

CEA | 260 72 270 300 175 n

CEB  [260  |Nitrogen |230  |308  [136 |-

CEC | 260 72 160 293 135 .

Ed 350 72 250 303 164 Vs

E2 242 72 212 297 160 ¥

E3 230 72 200 205 | 154 ¥

E4 230 100 196 206 165 ¥

E5 222 54 304 204 155 ¥




melting tenperature of the honopol yam de-4,6. 3. Process according to claim
1 or 2, wherein the polyner nelt-tenperature at 10 the exit of the

mel t - spi nni ng apparatus is between 305 and 320 C. 4. Process according t
clains 1 -W03@@2ei n the honopol yani de-4,6 has a viscosi PGTRLAHUEH4L n the
range 160-250 m/g. 5. Process accordi ndzt'o any one of clainms 1 - 4,

wherei n the honopol yam de-4,6 has an average pol yner residence tine in the
extruder of less than 6 mnutes. 15 6. Process according to any one of
claims 1 - 5, characterized in that the difference in the viscosity nunber
of the nascent honopol yanm de-4,6 and qfaige fiber spun thereof is |ess
than 25% 7. A process according to any one of claims 1 - 6, characterized
in that the fiber is spun with a take-up speed between 400 and 2000 m m n.
20 8. A progess agppy, c%bé‘ibrttﬁb ABNuSRBredf hsh@pa‘y‘admde-ﬁe fnuérelbsum”eutdpmn&@un

fiber is drawn in raw ng process conp r|5|n grawl st eps.
9. A process acco?fmoﬁymbaﬂwg‘av'ﬁﬂnémﬁ?ﬁmﬁ@ Vr’fdﬁ'b?ﬂl? g enfalYves a
first ‘%r aw NG St G Yddsh14d ﬂR%Wd %%é.f?nféﬁtmb%ﬁpérlaﬁiﬂe B&Weah 2bband 8bgkcdr aw

ratio. A process accord any one of clalns - wherein the
drawi ng protess Process m&ﬂ%’& cigimd, FWPWr'@th?éFW%%Waﬂde‘%e is
honopol yam de- 4, <€ Bbveqhémairone of
claims | - 10 chat é’bﬁgd;r?ze |IE§%@WB&&E8% yam de-4,6 1n the f:ber has

a viscosity nurrbneltlngtemfmratarag@!tllabomwlyamde-ﬂx.%ormpol yami de- 4,6 fi ber

according tg claig o%%ﬁﬁﬁééw@ B ol 1§ 2 dngte 4{1 (8 Pbiyme? m7e4t~teﬂ1§eraﬁlre at

mul tifilanmeft yarn onopol yam ers according to clains
11 or HB, char acttheiexitdf the melespiririirg g:zparatnhsans betweens305#nd320°€ast 800. 14.

Ho I ' 4,6_h I f

T hast 1db 31 o PoFstRteard D SHmd T -RoghgRh tk homBplFahldet S e P ©

'Itaerrperat]lcjre :/\E oa/.gga,fe.mﬁumd.mmagmeo-zsm&ugezmgen 290 and 305 C. 1514
rocess for e nuf act ur e, of e

conpri si ng ol i dnEI JIP5eSS Fsordi tﬁ@é’ﬁga? Bgﬂg' ﬂoﬁo%?’%‘&ﬁﬁégb@g%‘g'g?'ﬁ'f}% ;/Brrer at

a tenperature belh‘aua?ﬁﬂ/e&ge Bolyrfer résideresingria thelextgidenofdess than B, minutes.

char act1%r| zsed in I-I’rogéss} ac%outde an:’%ra%E %F\g o{’ aal%% Y W5 &%Qac?enzed in that the

difference in the viscosity number of the nascent homopolyamide-4,6 and of
the fiber spun thereof is less than 25%.

7. A process according to any one of claims 1 - 6, characterized in that the fiber
is spun with a take-up speed between 400 and 2000 m/min.
20 8. A process according to any one of claims 1 - 6, wherein the spun fiber is
drawn in a drawing process comprising at least 2 drawing steps.
9. A process according to claim 8 , wherein the drawing process involves a first
drawing step with a draw ratio of less than 80% of the total draw ratio.
10. A process according to any one of claims 8 - 9, wherein the drawing process
25 is executed at a temperature below 240°C.
11. A homopolyamide-4,6 fiber obtainabie by the process according to any one of

claims 1 — 10 characterized in that the homopolyamide-4,6 in the fiber has a
viscosity number in the range 130-200.
12. A homopolyamide-4,6 fiber according to claim 11, having a TVE being at least

30 24,
13. A multifilament yarn comprising homopolyamide-4,6 fibers according to claims
11 or 12, characterized in that the yarn has a titer of at least 800.
14, Homopolyamide-4,6 having a nascent morphology with a melting enthalpy of

at least 140 J/g, preferably at least 150 J/g and a main melting temperature



17. Process according to claim15 or 16, characterized in that the solid
state post condensation is perforned in a water containing gas atnosphere
having a dew tenperature at atnospheric pressure between 5 and 100 C. 10
18. ProcesWO936878 ng to any one of clainms 15 to 17, char aBEBNLIYYMEN t hat
the prepolyner has a viscosity nunber -H8t-ween 3 and 90 and is solid state
post condensated to a viscosity nunber between 160-250 m/g. 19. Process
according to any one of clainms 15 to 18, characterized in that the
honopol yam de-4, 6 prepol yner is prepared at tenperatures bel ow 250, 15

preferably bel ow | yam de- 4, 6 obtai nabl e by the process
according to any %eﬁw&e%; zéc?g?ns % to 19. 21.. Honopol yam de-4, 6 obt ai nabl e

by the proctss ackrocessfgrthe manufanture of a bbaiopelyamigiedct agcording:tostlainm e sol i d
stat e pol ycondensgtl on.| | t : 22.
Honopol yam de acc%&ﬁaé}ﬁb'{gtssc?ﬁ g%@?&ﬁ cgrﬁ]daeﬁgét& groﬁz'ﬂg@ro?{)]l%rﬁgg Qa?meé;‘]’g’{'g éBBA) of
the area of the netdmpegatprchelove28@POw a tenperature of 305 C. 23. Use of

t he hongpol yam de-4, 6 accordi ng ta clai 4. 2 21 or, 22 fqr t.h

rmnuf acBur eleor 1 BEicese proting th.ainelh shamgetzsdin e s srpstrineis Below o5
24. Use of the homggrg.yam de-4,6 fiber according to claim11l - 13 as rubber
reinforcenent in V-belts, tire cap plLies, carcass of ai rtﬁl ane tires or air

springs. 2H: UsdreressRecawingda clgimilaer 16 haragtarized inthat gspbd stptgpast: - 13
in air bags, sew dydbhsdtion is purforRedm PRatePsoritiAng ghsdiméspherDhaving a

dew temperature at atmospheric pressure between 5 and 100 °C.
10 18 Process according to any one of claims 15 to 17, characterized in that the .
prepolymer has a viscosity number between 3 and 90 and is solid state post
condensated to a viscosity number between 160-250 mi/g.
19. Process according to any one of claims 15 to 18, characterized in that the
homopolyamide-4,6 prepolymer is prepared at temperatures below 250,
16 preferably below 240 °C.
20. Homopolyamide-4,6 obtainable by the process according to any one of claims
15to0 19.
21.. Homopolyamide-4,6 obtainable by the process according to any one of claims
15 to 19, wherein the solid state polycondensation is performed at a
20 - temperature below 240 °C .
22. Homopolyamide according to claim 21 characterized in that at least 80% of
the area of the melting peak is below a temperature of 305 °C.
23. Use of the homopolyamide-4,6 according to claims 14, 20, 21 or 22 for the
manufacture of fibers, films, extrusion and injection molded articles.
25- 24. Use of the homopolyamide-4,6 fiber according to claim 11 — 13 as rubber
reinforcement in V-belts, tire cap plies, carcass of airplane tires or air springs.
25, Use of the homopolyamide-4,6 fiber according to claim 11 - 13 in air bags,
sewing thread, or abrasion resistant fabrics. |
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