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HOMOPCLYAM DE- 4,6 FIBERS 5 The invention relates to a process for the
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honopol yam de-4,6, to fibers and nmultifilament yarns obtainable by the
process and the use thereof for the reinforcement of rubber like in tire
cords, V-belts etc. The invention further 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
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extrusion of the copol yam de-4, 6/ 6 granul es can be done ;]n th sage way as
for attractive and was actively explored. Fowever, 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

polyamide 6 and 66.



pol yam de 6 and 66. WO 03/006724 PCT/ NLO2/ 00441 -2 There still is however
along felt desire to inprove the quality of the copolyamde-4,6 fiber and
to be ablwotoms/osgeea honopol yam de-4,6 fibers, al so becausePCT/NL02/00441
honopol yam de-4,6 is easier to produce-2nd nore readily avail able. Hence
the maiin object of the invention to provide for a process for the

manuf act ure of honopol yam de- 5 4,6 fibers. According to the invention this
is achieved in that the honopol yam de-4,6 fiber is manufactured by nelt
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(1989)) a polyam 6 is described that has, even at a rreltl ng ent hal py
wel | bel ow that 25 acc'(tJWQSﬁgfwlélnglbiéouf\ﬁ'\ibﬁtth%ﬁw%hﬁ@l@@'h@f”@éﬁp@ha‘{"ﬂge at the
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also relates to a honopol ya havi ng a nasce logy wih a
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has never beenin't

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 homopolyarﬁide-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



during or after the solid-state post condensation. In the process according
to the invention the honopolyamde-4,6 is spun fromthe nelt at a

t emper at uwe idpbareen 10 and 20 C, preferably between 10 an@CWIIO3HOQ6724
PCT/ NLO2/ 00441 -3 15 C, above the nmaim3selting tenperature of the

honopol yam de-4,6. This tenperature difference is referred to as excess
tenperature. It is very surprising that honopol yam de-4,6 can be spun at
such smal | excess tenperatures because at excess tenperatures of only 10
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cryogenically ground to articles <2 mm After grinding the S
dried 16 rPeder filess PEORGRYRS: %\?Seu‘%ﬁwtsP’Vﬁret?ltr‘:ta'ﬁﬁ‘é)?ﬁE'"g'EEd‘f”ﬁl%@e'fE?"F ﬁuﬁ“ventlon

the hol@poét)(ﬁé%ﬂteof‘ih@meﬁi Pu'hﬁw Sippatalus" G DeflechVR5R PEl )OTPFeférﬁﬁlydence time
in the extruder of |ess m nutes, preferably | ess than 5 m nutes,

nost pr ef erellesn $&@d31‘651°@ 5 mnutes. It was surprisingly found that by
coul d beobt & ned. even" e SEIAnG BBl ol At sITUARARTLS T2 i ng
extruder, qopditibns inghe nrcsteaﬁ)a@%q)mmt@ithgirwndtlcgﬂbd hbirigpelyamisieet.¢ hasa The
average viscosity number in the range 160-250 ml/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 mi of formic acid (90,0 m/m%, density
D20/4 1,2040 g/ml ) 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 6
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



30 polymer residence tine in the extruder is defined as the ratio of the
total internal volune accessible by polyner (in cc), calculated fromthe
t hr oat ofwbls/oesses uder to the spinneret exit face, divi dedTiNLoRhe41

t hroughput rate (in cc/mn). For ease of4- determ nation, the internal

vol une hence includes also the part where the polyner is WO 03/006724

PCT/ NLO2/ 00441 -4 not yet nelted. The actual residence tinme is hence even
significantly shorter to an extent depending on the exact configuration
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unit. In Vbe@we@rf 3R B15‘§3%ﬁdndb@W§beﬂyﬁ1§ér Ao3flieRBS himaiis tle gxtraper dfi es t he
drawi ng process preferably invaglves irst drawin steB?vvlth a drawratio

of Iess tH&% Dangavinytesand whereln the diffprenss b theyizqasity prberYdng Rageenbos, of

the total whngypolyaiide-4 Bbhd dalmeé/w.bwsmmese%f|sae§ytﬂémgw y executed at a
tenperature bel ow 240C_preferably between 180 - 220 C. The inventjon

further relates to a hoWS3es %H’i"@ﬂam fiber isisern Wih & tlkesHe speed between 400
20  and 2000 m/min, preferably between 400 and 1000 m/min. and subsequently drawn in
i

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 temperature 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 muitifilament 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



by the process described above, wherein the honopol yanm de-4,6 in the fiber
has a 30 viscosity nunber in the range 130-200, preferably 140-200, nore
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honmop 1%‘am de-4 accordin o the invention surprisingly has excell ent

pr oceskabi hatweert 290 andapas°C fm%mtlf% desgribeshiehovs). érabiwtéﬁm%tmgm so

relates t ordi ng
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to as SSP ste erature at te eratures between 225
preferably 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 baeically 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



and 275 C. In all exanples the SSPC tenperature is however at 260 C. No
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can bejsmadequifed tdeackrReva mmsuqmd\mroehmémmolaad 280. Bu®B0F 53PClneldveat i ng
1, 4-di am nobut ane and adi pi ¢_ac erat re betweeg 150, to TQf 0 C
ot of e abl Y ARCBERICTRY B 33655 Brstdobs AEPatianaimhed 00 Lt vty
desired mMdgeHiAy 1‘0@"’/9thé%rrea\/bf9(ﬁ@ﬁ1e¥th‘l giéabefme oBtfieRS @ddlcyntt he prepol yner
has a viscosity nunber between 8 nd i s solid-state post

a
condensat €Pnep anv@%é&sismlowmawefﬁéw\méﬁoig@ 250 mi/g. It is further
preferred that also thghe 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 ISO 307 on a solution of 5 gram of prepolymer in
100 ml 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



25 honopol yam de-4,6 prepolyner is prepared at tenperatures bel ow 250,
preferably below 240 C in view of retaining opti num nascent norphol ogy and
maxi mum wpiodoedizd ity. The viscosity nunber of pol yam de- #C6/NTwepoi4y ner
with viscosity nunbers below 15 is detgrm ned according to |1 SO 307 on a
solution of 5 gramof prepolynmer in 100 ml of formc acid (90,0 m ngy at
25 C, the sanple being taken fromat |east 20 gr 30 cryo-ground materi al.
Preferably, in the process according to the invention, the solid-state

post condensation is performed in _a water containi nge as_at nos %{e havi ng
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performed at a tenperature 'ow 240 C, preferably below 10 235C. It is
observed t palycdandensation icparttirmedata t&maﬁdntqobﬂlwﬁ#@écélprefmy belowessential | y
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shoul der s erature ’si eak and havi ng
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granul ate having a nol t. of bove about Vi scosity

number of above about 9%“%&1%@%%?%5%‘% co eﬁﬁ%‘iﬂﬁ‘eﬁtigrgg‘%ﬁ%u:r?e? BE' 3526931

descrifgs 19Baly xsams bf mmhaaéate g}amﬂéteZ'ﬁﬂs Gowéverpolbiesnd (lerebsimgt hat has
been prepol ynerise at tenperatures between 280 20 ?n 320 C
These r ef emet%e'érws'ghb9ffa'#vsmhsg%rwﬁerﬁ,ﬁfﬁfa@@%tes HARE PO HEEWEIH Ohror phol ogy

with the rasiviersdudooNDe. GhAscastEhiursbdre$ aBe@odbdunNZ4d i doselutergnt i on nor
the suit agtlmlc;stp%lergmsjlmulgﬁy Drl]Ee?arSeZ%BM degcnges thse%lr)? gost%ondensatlon at 250 °C of
polyamide-4,6 that has been prepolymerised in the meit 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 di /yopsoeEsses, in particular in those application woemLothe4nat eri al
is essentially unfilled Iike in filnms asd extrusion nolding. The invention
hence further relates to the wuse of the honopol yam de-4,6 according to the
I nvention for the manufacture of fibers, filns, extrusion and injection
nol ded articles. The invention is further iIIustrated by the exanpl es

descri bed helow. 30 Pre aratlon of th ner nobut ane (346
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200 ppm aﬂﬁbéségmwpmdbm@deﬁe Bolgthirsiré HAGELLH @mm&nbebmenquoorppnhopper of
the extruder. The oly Is nelted using a single- scrqeﬁ/eextr W th an

18 mm scr eW‘QjVﬁ"ﬁﬁ?ré?d U"ﬂ?éaﬁy aiPaeEamasBRTSiIMe M RIRPeE Bl t Spin

pack are dbél?ﬁnbhﬁrﬁ@té@t@mgtaosm@&s%w%%enmm18’ Frén Q&b\wrﬂiﬁmé@r‘ trhes t hen
passed through a spinning pack having a netal filter fabric wth fine

hol es BT asRiNbBgas cantaining theait BaR and sl fagkarepireatl marated &the Xieder havi ng
orifices Whédy. &h@lp%rymeerrnénf.s then praagethhﬂ)ugﬁlamymﬁ}\gt@me:faamyraen@tal fiee nelt at

the spinhead was chosen between 310 and 315 the a total residence tine

C,
in the 20 @pricwithfinghseles 9ha dimpiengldA micrometes, ﬁﬁ‘%@ﬁt%‘ged RE 2 3RiBT& Plons i n

the menti ORgdng orifices with 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 - idier 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 yarn is subsequently relaxed using a non-heated godet
35 and wound onto a bobbin.



ranges were varied to find optimum spinnability conditions. The as-extruded
filaments are passed through a hot cylinder of 30 cmin length, which is

| ocat ed iwoedioad7edy bel ow the spinneret. The tenperat ur e pofi/NIlve/oo4aer t

at nosphere inside the hot cylinder was9adjusted to 300 C. The filanents
traveling through the hot cylinder were passed 25 through a cross-fl ow
quench cabinet, |ocated beneath the hot cylinder, where the filanents are
guenched. In the quench chanber, cold air of tenperature 20C was bl own
against the filaments in the direction perpendicular to the filaments The
as-spun yarns are drawn to various draw ratios in a separate, nmulti-stage
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possi ble. Drawn yarns have T-VE exceeding 24. 15 Conparative experinment A

The prepol mer was post condensed at a tenperature of 260C in an
at nosptder é@ﬂ&@fﬂﬂl{i@@ﬂmﬁﬂt_éteamwth a dew tenperature of 72C for a period
of 29 hours to obtai nTt?e Heps r?lEr\)Oés@ Boﬁcy%é?;seaz\pa WrheratiReofePPE i ares Of

t he obt ai ned sanpl e are VI sted In
atmosphere of mtrogen 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



20 Conparative experinment B The prepol yner was prepared as described above.
The prepolyner was post condensed at a tenperature of 230C in an

at nospherwoaB/oné7e4 ogen and steamw th a dew tenperature ecTAMG200141a
period of 23 hours. This product was rReDt- 25 extruded at a tenperature of
320C wth a residence tine in the nelt of 1 mnute. The resulting strand
was granul ated. The granul ated pol yner so obtained had a viscosity nunber
of 150 m/g. The nelt granul ates were post condensed in the solid state at

f 260C fo
our s Lo Qs e abtai Agreer e n AT O i TP e IndpBRnpd Eape

obt ai ned EQlafe kS armabld sted in 30 Table 1. Corrpar atl ve exper| ment C The
prepol yner was post condensed at a tenperature of 260C in an atnosphere of
nitrogen and steamw th a dew tenperature of 72C for a period of 4 WO

03/ 006724 BQhige 92/ 00441 -10 hours to obtain a product with a VN of 160

m/g. The properties bt ai ned s Caell tedl Jable 1.
Exampl € 1 5 The prepoflb??eﬁ EMBEEs %%ﬁgg'ﬁ‘ge@ae ?LZ%O (?"12%00 ina

static bedstatn: bl @bmﬂphwrereaéf n‘trctgeagmd st wttleamewn téi?nperaﬂma/of niefoat ur e of
72C for

The proper? P¥ ﬁg)e”do(gd'gﬁ’é’“rs t8t°§ S %%50 ﬁ‘%'H'Egvglicg(}#ﬁtﬂlgdm%%ﬁo%p%gf rl—}"fOrT1E£<g.rrpl e

2 The pr epsbtaingd savsle [Edsdre dsted@nbade at a tenperature of 242Cin a static
bed in an atnosphere of nitrogen and steamw th a dew tenperature of 72C
for a period of 24 hours to obtain a product with a VN of 212 nml/g. The
proper0i eExaingldlg obt ai ned sanple E2 are Iisted in Table 1. 15 Exanple 3

The prepol ynmer was pos.{ cond nsed at ¢ era e of 230C | f%42°CStath bed
in an atnosphere of ni LIEJYER° %{Hﬁr‘g‘l’se%cfﬁ \RP'? nge 3 [eRFLRUER I @46t C PR for  a
period of sdtichsudris ahetmbémem@frmrmu@wd\stddm witivhl defv tadPerdturg of T2 for

properti esa &lfr otdho 24%ours to ob{}a(landa %?nBct W|E|3 of |2i1§tmq%. 1I'Re En%%leﬁie% ‘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.



WO 03/ 006724 PCT/ NLO2/ 00441 -11- Exanple 4 The prepol yner was post
condensed at a tenperature of 230C in a static bed in an atnosphere of

st eam ( dewotosomaeat ure 100C) for a period of 59 hours toPpalNioo@4pr oduct
with a VN of 196 m/g. The properties-aff-the obtained sanple E4 5 are
listed in Table 1. Exanple 5 The prepol ynmer was post condensed at a
tenperature of 222C in a static bed in an atnosphere of nitrogen and steam
with a dew tenperature of 54C for 10 a period of 72 hours to obtain a

pr oduct vvigh a VN of 204 ml/g. The properties of the obtained sanple E5 are
listed in €4 Table 1 Exp. SSPC T Dew T VN Tml Hm Spinnability (O

L ECT260) 72 160 20 135 BT 5 a1 507 160

- - +/ -

+ E3 230 sf%"%l‘lﬂs’ D &8 %@ﬁsﬂper%ﬁgg%%“%?ﬂw ‘f%"%%rel@@ %ES p?ﬂ%‘zgﬁgg} 94 155
+ 15 VWO O3/cBtiy 2 prddutt Wit ZAB0EF4D6 mIky Thé Prddertiet . of fhePsginss sarapletbe

manuf agt ure of Qorrﬁgral ﬁan‘i de-4,6 fibers by nelt spinning of
hormpo%yarﬁ'ﬁ&%, & h2a¥frg a nascent norphology with a nelting enthal py 5 of
at least 140 J/g and a main nelting tenperature between 290 and 305 C. 2.
Process acgor di ng to claim1, characterized in that the honopol yam de-4, 6
is spun f ' nelt at a tenperature between 10 and 20 C above the main
nel ting tenperature of TROSrepoIMmBONYSPbH Codddhsed at Rtatssratups 6/ 40 cl ai m

1 or 2, wherein the I r nmeJt-tenperature
statﬁ: bed in an%?mep ere og mtrogerrr\pand stteam wﬁltw a dew temperature of 54°C for
10 a period 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.

Table 1
Exp. SSPCT |[DewT |VWN Tm?1 Hm1 Spinnability
(*C) (°C) (mifg) | (°C) (J/g) |

CEA  |260 72 270 309 175 -
CEB | 260 Nitrogen :230 308 136 -
CEC | 260 72 160 293 135 -

E1 250 72 250 303 164 +-

E2 242 72 212 297 160 +

E3 230 72 200 295 154 +

E4 230 100 196 296 165 +

E5 222 54 204 294 155 +

15



10 the exit of the nelt-spinning apparatus is between 305 and 320 C. 4.
Process according to clains 1 - 3, wherein the honopol yam de-4,6 has a

vi scosi t ywouwsies724 n t he range 160-250 m/g. 5. Process aceamiNIngotsa1any one
of clainms 1 - 4, wherein the honopol yami2de-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 clains 1 - 5, characterized in that the difference
in the viscosity nunmber of the nascent honopol yanide-4,6 and of the fiber
spun thereof is less than 25% 7. A 19G6RS according to any one of clains
1 - 6, characterized in that the fib spun with a take-up speed

bet ween 400 and 2000 mmn. 20 8. A process according to any one of cl ai ns

1 - 6, vvhe eint un f ber i dra dr aw ess i ng at
Feast 2" ar i ng APEEESEtor it hahFaa e Ramip Ry T B A RS T I CRIRING o
drawi ng process ofﬂncdopelsamucfem 8thavidg awiancers mepphalddy withda mltmgtanmadxiy | ess

t han 8Q% of the t.0 w ratio. 10. A process,K ac | qQpe of
clains®8 - 9, %%?3{1{1 U9 207 AgnaP gredin terﬁgeragur%;g@{ﬁeg%ggtang%gngerature
bel ow 240Q. 11. mob@smbmtd%raﬂna tméretteﬂiﬁdanmmfe lbombdfmyamna@ams
according to any one characterized in that L

honopol yani de- 4, @upﬁr%@efmg@t a,{g@pgratq;pg)@ygqe@ Gante °G abevgdhe

130-200. 12. A hﬁgﬂﬁ@{éﬁ%‘grggreélofﬁhg h&ﬁépmamr@ to cI al m 11, haV| ng a TIE
being at |east 30 24 | ament yarn conp

oo sl vard de. 4. BOPRTASOMNGIHATY a5 2 WRPIR ihe popiier melmPsEtPid ed | n
that tfge yarn hatﬁe@xﬁ bt}tﬁé rﬁgl ﬁﬁnr’nr?gaﬁpagﬁgs |s%twé@ﬂm%ﬁdj%4 6 having a

nascent nor phol ogy wt t|n enthal py o | east 140 J/ g, preferably
at |east 140 J/dDraﬁ@sSaamrdmgrtﬁlctalmgn-énw er@trutnh@ hvmoogl»yemsirszﬁlw PETANLO2/ 00441

-13- between 29Q, g,@ﬂgngé“,}ﬁ,e 5 @@@256)5“/ he manufacture of a
I n

honmopol yam de- 4 accor to c 4, rising solid-state post
condensat i®n of Wf@ﬁwoaoyamrmaomnsopeeb@am? 4t whereincthp doaogelgamisiecs 250 C

5 16. Process @1‘% gb@éf" aeﬁ'lceqjﬂ?élﬁﬁgéhﬁ%r bf"le&g‘f?ﬁtan%hﬁmuteg

tenperature is b rocess according to claiml
char actberied i rprh%&S aqqerdm to@ny pae of gaigts 1 - 5, characterized 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 obtainable 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 muitifilament 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



condensation is perforned in a water containing gas atnosphere having a
dew tenperature at atnospheric pressure between 5 and 100 C. 10 18. Process
accor di ngwom3amy2one of clainms 15 to 17, characterized i nprcratLothei41

prepol yner has a viscosity nunber betwekd+ 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 clains 15 to 18, characterized in that the

honopol yam de-4, 6 prepol ymer is prepared at tenperatures bel ow 250, 15
preferably belo 40 C, _20. ol yam de- 4, 6 obtai nabl e by the process
according to an?"%W@e%ngﬁﬁq 5&“@5 to 19. 21.. Honopol yam de-4, 6 obtai nabl e
by the pro¢®ss ap@eest foftHenaifaciive obh h@h@bﬁ@amﬂ&4ea&&rdmbeas elialin uh,e solid
state pol ycondensation is erforrred (ﬁ%ﬂs % npera ure bgl ow 2 cC . 22.
Honopol yam de actWBPR{ISHY ?0(9 Slale RPY ForERNsa ?rb?f mprofyamiie-4.8:Pre erE?(B% of
the area of the gwrRlmpdigturesdiow 250etow a tenmperature of 305 C 23. Use of

t he honopol yam de-4,6 according to clainms 14, 20, 21 or 22 for the

manuf ac ur &-of meqe§s aceqraing teglaimy 35, shaeasterizeq indthatdhe tsneriatusg isikelavs . o5
24. Use of the hgppgol yami de-4,6 fiber according to claim1l - 13 as rubber
reinforcenent in V-belts, tire cap plies, carcass of airplane tires or air
springs. 5. Us%rogessa@orﬂwm@cﬂlqmrﬁm 16, eharagienizedde thafthegsalid statepest1i1 - 13

in air bags, seWyehluiRA% p&HorABEFTA Rt E8AEINHY gds?ftbSShere Aving 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 ml/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,

15 preferably below 240 °C.
20. Homopolyamide-4,6 obtainable by the process according to any one of claims
15 to 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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