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ACI D- DYEABLE FI BRE 5 The invention relates to an

aci d- dyeabwe 971467490l yanmi de fibre. The acid dyeing of pol yarPCieNIs7i0x3

t akes place by ion exchange in aqueoug_ge@jun1 For this 10 purpose, the
dye is dissolved in an aqueous medi um and attached to the fibre by
means of ion exchange. In the case of acidic dyestuffs, which form by
far the greater part of the dyestuffs used for polyam de fibres, the
am no end groups of the polyam de_chains_serve_as ion- 15 exchange sites
in this process. In order to obRGLR-DYEABLE:FIBRE: co|lour intensity, the
concentragion of am no end groups in the polyam de should be in the
order of at | east 20 neq/ kg, see for instance EP-A-0, 462, 476.

The end group concentration in a polyanmde 20 fibre is determ ned by
various conditions and Jhepdgwent ion gelatiesh toeranasidrdyeebiepr oduci bility

of the PR Yelnd i &ﬁﬂﬁ%§stﬂﬂe‘éﬁid“ﬂﬁé%ﬂgd%fa%QIQthB% i Pres

Interferences during the production process pol yan1§é and its
spinning to §i49QH?X3¥P%ﬁQ§ﬁ hange iy ageours,medismendogr i scont ent .

As a resubt, pdrpdse. thalidyd Gl tdilgsAskid\iar 4 AguRuedmeidium @gldour s
whi ch uirer . The

i nvention i gr t%% deq}i‘et 'Echrgep ¥\ Jusans foffi rﬁ% &5 a&gf?s‘t 3!”?] C; (r?(c)tthe
i nfl uenced orcad®e ioff lacintiar dyestufifs, sildh darantbybfairhéher goeattiean
Dinrser o (DI QMILI SURHAR plige stk son L1l
and |ight am%gqﬂﬁqqtgpoups of the polyamlde chains serve as ion-
15 exchange sites in this process. In order to obtain
sufficient colour intensity, the concentration of amino
end groups in the polyamide should be in the order of
at least 20 meqg/kg, see for instance EP-A-0,462,476.
The end group concentration in a polyamide
20 fibre is determined by various conditions and imposes
very high demands on the reproducibility of the
production process of the polyamide and of the fibre.
Interferences during the production process of the
polyamide and its spinning to form fibre have a great
25 influence on the end group content. As a result, it is
difficult to achieve very reproducible colours which
are demanded by the consumer.
The subject of the invention is a polyamide
fibre whose affinity for dyestuffs is not influenced or
30 influenced only to a small extent by the production
process for the polyamide and the spinning to form
fibre. A further subject of the invention is a
polyamide fibre having a high thermal and light
stability.
35 The inventors have succeeded in producing
such a fibre by starting from a polyamide having a very

low amino end group content, i.e. less than 10 meq/kg,
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35 , ‘ The inventors have succeeded i n producing such a fibre

by starting froma pol yam de having a very | ow am no enqNgrou
content, WOS4F®6s than 10 negq/ kg, WO 97/ 46746 PCT/NL97/00323

PCT/ NL97/ 00323 -2 - -2- preferably I ess than 5
meq/ kg, still nore preferably | ess than 3 neq/kg. The greatest
preference is given to a polyam de in which the am no end groups are
virtual ly conpl et el y_absen
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i s such that completedy- ebsegtoups have been renoved by reaction with

the acid gt the desireg,de028 yamides PAVIMR BZ9kk9Nlow amino end

Pol yam des having a very |low am no end_group 15 content are known fromfor
i nstance US- AXuPsgopgent are °btalnab1%fgﬁguééﬂﬁﬂidﬁthﬁeasures are taken,

t he fi br ocaimiries thicempredtess [Fary ahed prepalr atdonbefadine- dyeabl e
or will be acid-dyeaple _only . t V. | : tent as a result of
the virtual &% é’r‘%&aé) ' zfmqr%netﬁ‘cf%(f? ér g{l?prﬂgﬁqmtl?n%)i' The inventors
have over conditfhinctiipnaiat tiifunctioped w1 yesed &ighdivh functienddse of

pol yam dgnchgidisy as <HANRIdHSEheNids dRfiny @k ten@ars Wrsmenairt ity _
di carboxylic acid, at |east one unit derived froma.25: dibasic ﬁfld-haVIng

the fornmul a -8 8uch thal &rheygmino end;;grqups have hesp F8RNVEY ¥ f or nul a

reaction with the acid at the desired degree of
polymerization.

Polyamides having a very low amino end group

15 content are known from for instance US-A-3,386,967.

If no additional measures are taken, the
fibre obtained from such a polyamide will not be acid-
dyeable or will be acid-dyeable only to a very limited
extent as a result of the virtual absence of amino end

20 groups.

The inventors have overcome this in that, in
each polyamide chain in the case of polyamide chains
containing units derived from a diamine and a
dicarboxylic acid, at least one unit derived from a

‘25 dibasic acid having the formula -Z-X-2-, preferably a
dicarboxylic acid having the formula

0o ©
I

30 -0-C-X-C-0-

is present in the chain, or the chain is terminated by
at least one unit having the formula

35 -Z2-X-Y,

preferably



lere] Is present in the chain, or the chain is term nated by at

Feast one unit having the formul a 35 -Z- X-Y, preferably
Jerr] WO 97/46746 AVENDED PAGE 3 0 PCT/NLO#$323i n t he

case of polyam des containing units deripved from an

[err],[err]-amnocaproic acid or obtai nabie by ring-opening pol ynerization
of lactans, at |east one unit

o)

I
-0-C-X~Y

5 and, in the case of polyamides containing units derived
from an o,w-aminocaproic acid or obtainable by ring-
opening polymerization of lactams, at least one unit

Y-X-(2),-
10
preferably
(o}
I
¥-X-(C-0)-,
15
is present, where Y = H or ZH, preferably COOH, X = an
organic radical having a basic nature, n =1 - 20 and
Z = an acid radical, preferably of a sulphonic acid or
carboxylic acid.
20 Such polyamides can be obtained

conventionally by copolymerization of the respective
acids with the monomers for the polyamide under the
conditions for the polycondensation of diamines and
dicarboxylic acids to form polyamides of the AABB type
25 and polycondensation of a,w—amino acids or ring—-opening
polymerization of lactams to form polyamides of the AB
type. Preferably, the polyamides'a:e subjected in this
process to a postcondensation in the solid phase.
It is known from ﬂS-A-3,296,214 to improve
30 dyeability of polyamides by copolymerising a viscosity
stabilizer consisting of piperidine-N-acetic acid.
However the polyamides disclosed in this reference do
not contain less than 10 meq amine end groups/kg, nor
is any indication given of the advantageous effects of
35 1lowering the amino end group content with respect to
the improved inertness against deviations in the
production process of the polyamide, the fibre thereof
and the dyeing of the fibre.
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[err] ‘preferably 0 Y-X(-CGO)n I's present,
where Y = H or ZH, preferably COOH, X = an organic radical having a basic
nature, nwO97/467460 and Z = an acid radical, preferably of BCHENLPM®A2X acid
or carboxylic acid. By a basic,nature is neant that the organic
radi cal reacts as a base agai nst an aciéic dye. Such pol yam des
can be obtained conventionally by copol ynerization of the respective acids
with the nonomers for the polyam de under the conditions for the

pol ycondensati on of di 8RFABLCaFRAEFRLS HRAYING ackasie cnabune pa¥gani des of

the AABB typf:naeﬁl QDhéwOﬁdéD&alsOGfOéo:hﬁéﬁﬁds[@ﬁi&:h%ﬂ@a?ﬁ' ds or
ring- openlng I zation of | act n1po|¥an1des of the AB type.

Preferably, P §8?9aﬁfd8§yﬂ?ﬁ gﬁbF%gﬁeﬂlFﬁ°gﬁ?sa oX¥geRy g
postcondensaSubtabmetbempounds are, for example, heterocyclic REPLACEMENT

inEEED SAGEFg%Pounds, prefe:éQEPQFPEEFEEEiogeQBiAMgh&99§ng. [err]
Examples of such nitrogen-containing heterocyclic
compounds are pyridine, piperidine, quinoline,
guinoxaline, acridine, indole, phenanthridine, 1,4-
diazines, for example 1,4-piperazine, 1,3,5-triazines,

10 for example melamine and melam, furan and proline,
which have been substituted, if desired. Of these
compounds, melamine is strongly preferred. Particular
advantage is offered by 1,3,5-triazine-2,4,6-
trisaminocarboxylic acid in a polyamide of the AB type.

15 In this case, the amino acid preferably corresponds to
the aminocarboxylic acid from which the units of the
polyamide chains have been derived. Such polyamides,
which have a degree of branching of at least 3, are
exceptionally suitable for high spinning speeds.

20 For polyamides of the AABB type, use of
monocarboxylic or dicarboxylic acids derived from
nitrogen-containing heterocyclic compounds is
advantageous. Examples of these are picolinic acid,
nicotinic acid, piperidine dicarboxylic acids, 2—- or 4-

25 piperidine carboxylic acid, acridine carboxylic acids,
for example 9-acridine carboxylic acid and 4,9-acridine
dicarboxylic acid, quinoline carboxylic acid and
quinoxaline carboxylic acid. Such acids are available
commercially. Preferred are dicarboxylic acids, with

30 which polyamides are obtained which lend themselves
better to spinning the fibres according to the
invention at high speed. |

Other nitrogen—containing carboxylic acids
suitable for copolymerization are compounds containing

35 secondary and tertiary amines having the formula

- This Sheet Has Been Re laced Fms SHEET s BEEN
[T " verunggs ]

Rg_;~N-(C,H,,COOH),_, (1)




"solid phase.

It is known from US-A-3, 296, 214 to inprove

dyeability of polyam des by copolynerising a viscosity stabil.izer
.consi st i NYoav4¢fperi di ne- N-acetic aci d. However the pol yR6TANNDS7/89338| osed
in this reference do not contain Iless than 10 nmeq am ne end groups/ kg, nor

I's any indication

gi ven of the advantageous effects of |owering the am no

end group content with respect to the inproved inertness agai nst
deviations in the production frocess of the polyam de, the fibre thereof

and the dyeily WhiehRiT e a

kyl or aryl. In this formula, n = 1-6

preferably n = 1-3, most preferably n = 2:

HOOC-C,H,, - .Haz, — COOH

\N—CMHZIII_ : ( II )
Hooc—cﬁ H,, — COOH

in which m = 2 - 10, preferably 3 - 6, and n preferably
= 1 - 3, most preferably n = 2. Instead of being

10 substituted by 4 carboxylic acid groups, the diamine
may also be substituted by 2 or 3 groups. Carboxylic
acids derived from melamine by substitution of 1 - 6
carboxylic acid groups at the amine groups are, for
example,

15

. 20

H - N - C,H,,~ COOH

- C,H,,COOH (III)

2H,2,COOH C.H,,COOH

25 n = 1-20

The above carboxylic acids are generally easy

to obtain by addition of a nitrile, for example,
acrylonitrile to the amine, followed by hydrolysis to
30 form carboxylic acid. '

Other amine-substituted heterocyclic and

aromatic compounds in which one or two aliphatic
carboxylic acids are substituted at the amine are, for
example,
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AMENDED PACE 4 Organic radicals having a basic nature are, inter
alia, radWoa746Mé conpounds which contain nitrogen or oxyRGTMHEI7IH0I23

ni trogen and oxygen. Suitable conpounds _are, for exanple, heterocyclic
conpounds, preferably with nitrogen in fhe ring. Exanples of such

ni trogen-contai ning heterocyclic conpounds are pyridine, piperidine,
qgui nol i ne, qui noxaline, acridine, indole, phenanthridine, 1,4-diazines, for
exanpl e 1, 4-pi perazine, 1,3¢BlarC@@Hnes, for exanpl e nel amine and nel am
furan and prolgmeNuhi have been substituted, if desired.ci§fy these
conpounds, ne d | rongly preferred. Particular advantage is offered
by 1, 3,5-triagre-2, 4, 6- i sam nocarboxylic acid in a polyam de of-the AB
type. In this cae, the an OgHA/6CAOHr ef erably corresponds to the

aninocar@pxylic acid fromwhich the units of the polyam de chai ns have been
derived. “Such pol yam des, which ha a

| HOOCH;,C,,

However these amine-substituted éompounds in
which the substituted N is the only center that can be
15 protonated in the acid dyeing process are less
effective, and are very sensitive to dyeing conditions
~ as for instance pH.

(V)

oH,,COOH

The above summary is not exhaustive but only

an illustration of the many possibilities for achieving
20 the object of the invention.

A requiremént of the acids used as comonomer
is that they are at least stable under the conditions
of the polymerization and the processing to form fibre.
In some cases, for example nicotinic acid, which is

25 unstable under the conditions of the polymerization,
the stability can be improved by first producing, at
lowver temperature, an oligomer by reaction with, for
example, aminocaproic acid, which is then used in the
‘ring-opening polymerization of caprolactam to form

30 polyamide—-6 at higher temperature.

From WO-93/25736 it is known that high-speed
spun polyamide-6 fibres having good properties can be
obtained if the caprolactam is polymerized in the
presence of a dicarboxylic acid chosen from a specific

35 group of dicarboxylic acids or specific diamines. The
content of chemically bound dicarboxylic acid for the
extracted and dried final product is between 5 and 60



degree -of branching of at |east 3, are exceptionally suitable for high
spi nni ng speeds. For pol yam des of the AABB type, use of
-monocar bowy 976166 di car boxyli ¢ acids derived from nitrogeneCEHNR7A033ng
het er ocycl i ¢ conpounds i s advant ageous. JExarrples of these are picolinic
acid, nicotinic acid, piperidine dicarbdxylic acids, 2- or 4-piperidine
carboxylic acid, acr idine carboxylic acids, for exanple 9-acridine
carboxylic acid and 4, 9-acridine dlcarboxyllc aci d, quinoline carboxylic
acid, in parmmoﬁvag.ZP;eterebls-QQtwebnnéocanﬂoﬁ9lmmoédkd-aﬁboq&dnoxal|ne
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the art that this method of polymer production is very
sensitive to variations and reproducibility is
10 doubtfull.

As will be evident from the experiments, in
the case of the fibre according to the invention, no
change in the solution viscosity occurs during the
spinning, as a result of which there is no change in

15 the end group content, and the melt viscosity is
equally little subject to alteration if the polyamide
is kept in the melt for a fairly long time. All this
implies that the polymer is extremely stable and that
the affinity for dyestuffs is not influenced by the

20 spinning process and that the spinning process itself
is also less susceptible to faults and short
interruptions in the spinning process and for instance
the failure of one or more spinning heads in a
production line has no influence on the properties of

25 the fibre, such as, for example, the affinity for
dyestuffs. | _

The invention is now explained by reference
to the following examples and comparative examples.

30 Materials

Akulon VMT 1203° supplied by DSM, The Netherlands,
nylon-6 with benzoic acid as chain stopper, h,;, = 2.81,
for carpet fibre. End group content. -NH, = 47 megq/kg,
35 COOH = 49 meq/kg. Stabilized with Mn-acetate (15 ppm).
A second charge of VMT 1203 used for the high speed
spinning experiments had an end group content of -NH, =
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45 and —-COOH = 50 meg/kg.

Polvamide (1): A polyamide-6 was prepared by
polymerizing e-caprolactam in the presence of 2,4,6-

5 trisaminocaproic acid-1,3,5-triazine under the standard
conditions for the hydrolytic preparation of aliphatic
polyamide-6. For this purpose, 3.50 kg of &~
caprolactam, 35.0 g of es-aminocaproic acid, 70.0 g of
water and 58.7 g of trisaminocaproic acid triazine were

10 added together to a 5 1 reactor. The temperature was
then brought to 275°C in approximately 2 hours and kept
there for 8 hours. The temperature was then brought
back to 245°C in 1 hour and kept there for 2 hours.
During the heating up and the first two hours at 275°C,

15 the system was closed, then the pressure was let down
to atmospheric and water was distilled off while a
nitrogen blanket was applied. After that, the reactor
contents were drained off under nitrogen by applying an
overpressure. The polymer strand flowing out of the

20 reactor was cocled in ice-water and chopped up into
granules which were washed with water at 100°C and then
dried. The yield of a number of batches was combined
and postcondensed for 10 hours at 190°C under a vacuum
with a nitrogen leak. _

25 No NH, end groups were found by the usual
'potentiometric titration in the polyamide-6 obtained.
The relative viscosity, N;ear Was 2.69.

Polyamide (2): A subsequent polyamide-6 was synthesized
30 in the same way as polyamide 1, with the exception of
the postcondensation. However 0.27% by weight of adipic
acid was added instead of 2,4,6-triaminocaproic acid
1,3,5-triazine. The polyamide-6 obtained, which had a
relative viscosity of h,,; = 2.78, contained 27 meq of

35 NH, end groups per kg (in conformity with Example 5b in
WO 93/25736).
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PCT/ NL97/ 00323 -5- in which R=H, alkyl or
aryl. In wosndssenul a, n = 1-6 preferably n = 1-3, nost PEFRLEHMEIY n =
2: [err] in which m=2 - 10_ greferably 3 - 6, and n preferably
= 1- 3, nost preferably n = 2. Instead of being 10 substituted by 4
carboxylic acid groups, the diam ne may al so be substituted by 2 or 3

groups. Carboxylic,

carboxyl i ¢ acSpingingstests h&oR fdiqrirRfrReGive malyamidegyy fdbres

H -

10

15

20

25

- Jerrldes rdpuS@Ith a Fourné spinning test apparatus at

240°C and a winding speed of 550 m/min. The yarn titre
was 70/10 dtex. The said yarn was stretched with a
total stretch ratio of about 3.75. After stretching,
the relative viscosity, and also the amino end group

content of the polyamide-6 was determined in the
fibres.

Affinity for dvestuffs: The affinity for acidic
dyestuffs of the various fibres was determined using
Tectilon® G-01 Blue 200% supplied by Ciba-Geigy
according to the advice by the manufacturer in his
brochure entitled "Acid dyes, product information of
Tectilon". The dyeing conditions are reported briefly
in the table below.

Table I

Temperature profile 12 min 20°C

70 min linear temperature
increase to 100°C

35 min 100°C

Additives 0.5 g/1 Albegal®

0.5% Univadine PA® _
1.5% ammonium acetate/acetic
acid to pH = 5 to 5.5

85 mg/1l dyestuff

Liquid ratio 600

After dyeing, the yarns were'carefully
cleaned with cold water. The dyestuff content of the
fibres was determined by dissolving the fibres in
concentrated formic acid and determining the light
absorption of this solution using a spectrophotometer.
In this determinétion, the absorption value was kept

acids derived fromnel am ne by substitution of 1 - 6



lerr] - 25 n =1-20 ' The above carboxylic acids are generally
easy. to obtain by addition of a nitrile, for exanple, acrylonitrile
to the anwon746p6l onwed by hydrolysis to 30 form carboxyl i RCBNL/00323

Ot her am ne-substituted heterocyclic gng _ aromatic conpounds in which
one or two aliphatic carboxylic aci 2 are substituted at the am ne are,
for exanpl e, WO 97/ 46746

PCT/ NL97/ 00323 o [erg - 6-

between 0.2 and 1.2 by adequate dilution. Any titanium

oxide present was filtered off.

Melt viscosity
5 The melt viscosity was determined using DMA
(dynamic mechanical analysis) going from high to low
frequency using a Rheometrics 800 apparatus at 240°C.
h, was determined by extrapolation to the frequency
Zero.
10
Examples and comparative examples
Fibres were spun from the various polyamides
under the conditions specified above and cold-stretched
or hot-stretched, respectively. The relative viscosity
15 and the amino end groups content of the polyamide were
' determined before and after spinning. The affinity for
acidic dyestuffs of the fibres was determined as
specified above. The results are shown in Table II.

20 Table II

============TT:Lﬂ i |

Polyamide Nrel Fibre dyestuff
meq/kg

absorption

be- after before after mglg mg/m
fore poly- eq
amide NH,

Akulon VMT 1203

o) 2.60 | 2.89 . . 2.11 | o.0s4* ||

25 @) 2.68 2.78 27 23 1.43 0.062

*) mg/meq of triazine ring.

In relation to the relative viscosity, it is
30 evident from the results that the fibre according to
the invention can be spun much more reproducibly than,
inter alia, the fibre from polyamide (2) which is
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17 - stability is also apparent from the dynamic melt
viscosity measurement in which the polyamide (1),
showed virtually no change over a period of 10 minutes,
15 whereas for polyamide (2) and the Akulon VMT 1203 a
decrease, resp. an increase of melt viscosity was
observed.
In a further spinning test fibres were spun
with a Barmag MEX SW 46SD spinning apparatus at a set
20 temperature of 270°C and spinning speed of between 5000
and 5500 m/min. The yarn titer was between 50 and S1
Dtex. The amino end group content of the fibre obtained
from Akulon VMT 1203, was about 10% less than of the
polyamide granulate started with. The total number of
25 end groups decreased from 95 to 83 meqg/kg during the
spinning process, indicating a significant change in
degree of polymerisation and dyeability. The carboxylic
acid end group content of polyamide 1, changed by about
3%. The amino end group content could not be measured.
30 The total basisity of the polyamide remained constant
at 43-44 meq/kg for the granulate and the fibre. This
number agrees very well with the number calculated on
the basis of the comonomer content started f£rom in the
synthesis of the branched polyamide, which is about 40
35 meq/kg. Also for this fibre dyeability was good.
It is also clear from the dyeing tests that
the fibre according to the invention very surprisingly
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yestuffs.

to the foll ow’wﬁbi cel&'arfiprf eists;n??tl:a%g':i?ﬁ%;&eé;%}gp%% %Ilr]]%g i%[g%{pﬁ{aeg ° -
Akul on VMI 1206ty respegdl it the iy stivEiNetThe Iqueadd ity of dylemtuEfini t h
benzoi ¢ aghd apdditdl PPN sad Bl lidlecure Gk in thd YankAlhded i ¢ End
group content -NH2 = 47 neq/ kg 35 = 49 neqg/ kg., Stabi|ized with
M- acetate (1FWpAuantity @%&W%%%bw%z R #1 GTAWP +hi gh
speed SpiInidtthex past dentisy hegk wineg ntheg rquantidyt 98 fildNHerr] =
compound having an alkaline nature, the colour
intensity can be varied. Since all the molecules of the
15 compound having an alkaline nature are built in in the
polyamide, precise metering and reproducibility are
possible. Variations in the polymerization process or
residence times in extruders or other processing
apparatus have no influence on the affinity for
20 dyestuffs.
" It is very surprising that a fibre can
nevertheless be spun with a branched polyamide such as
‘polyamide 1. The mechanical properties of the fibre
obtained are comparable to those of a fibre composed of
25 a linear polyamide of the same relative viscosity. The
modulus of elasticity even appears to be approximately
25% higher.
A further advantage of this fibre containing
branched polyamide is that it can be obtained with an
30 appreciably lower spinning filter pressure with the
same spinning speed as a fibre composed of linear
polyamide having the same relative viscosity. Spinning
speed may be further increased without fibre rupture _
than for a comparable unbranched polyamide. Additional
35 benefit can probably be achieved in relation to the
mechanical properties by optimizing the spinning
conditions.
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«8-- 45 and - COCH = 50 neq/ kg. Pol vam de (1): A polyam de-6 was
.prepared o 97/467480! yneri zi ng E-caprol actamin the presencepef/NLoviood23 5
trisam nocaproic acid-1,3,5-triazine under the standard conditions for

the hydrolytic preparation of aliphatiT 13 “pol yam de-6. For t
3.50 kg of E- - caprolactam 35.0 g of E-am nocaproic acid, ﬂl@lﬂﬂlmﬂﬂ““m“‘
wat er and 58.7 g of trisam nocaproic acid triazine were 10 ad ¢ oget Mer s *
to a5 1 reactor. The tenperature wa& L A X 1§ brought to 275[err]Cin

approxi mately 2 hours and kept there for 8 hours. The tenperature was

t hen brought back to 245[err]Cin 1 hour and kept there for 2 hours.

During the heating up and the first two hours at 275[err]C, 15 the system

was closed, then the1aha§§ab@ewgalbahléeWB1bre bStal BPEeHyC and water was
dIStI||edéﬁf while_a et .was ap After that, the

e
react or contenf?lﬁgﬁggdﬁapﬁgHaHF BgﬁnﬁlﬁPogﬁhnByeﬁﬁpgﬁPHB an
overpressure. The pohgest sﬁraedsfthnmng00m9q¢kgthn wRichesneor was cool ed

ini gg[vgﬁ]eg and copRaridl hildng. angﬁﬁﬁngeﬁanhfﬁgéea ptBRpCfew Lh vater
conbi ned and p&&E&othansdd WGB/EG ASubyidt wpopérrepeahidpg wnitsuum
with a nitrogen | epkoddted by reactiba BH%wQ@ﬂ aeomaasveaﬁefawaﬂlhﬁ th$h

L e 0 ooy S bbb B SR TLTES, DafBLS By,
subsequent pol yanm déng-epeniygt pelymed i2@tiont b€ aalecvam @AnggraBy?eh% of
ol " o ugEhaanaeih BESLGTUIRRRTLER, (RNC Shafallet ket
_ in that, in each chain in the case of AABB units,
at least one unit derived from a dibasic acid
15 having the formula
-2 -X-2 -
is present in the chain, or the chain is
terminated by at least one unit having the formula
-2 -X-%X
20 and, in each chain in the case of AB units, at
least one unit
Y - X —(2)-,
is present, where X = an organic radical having a
basic nature, Y=H or ZHand n=1 - 20 and 2 =
25 an acid radical. |
2. Polyamide fibre according to Claim 1,
characterized in that Z is

o

|
30 -C~-0 -

3. Polyamide fibre according to Claim 1,

- characterized in that X is a radical of a
nitrogen—containing and/or oxygen—-containing
organic compound. |

35 4. Polyamide fibre according to Claim 3,
characterized'in that X is a radical of a

'nitrogen~containing and/or oxygen—containing'

heterocyclic compound.

This Sheet Has Been Reﬂl' THIS SHEET HAS BEEN
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*1,3,5-triazine. The pol yam de-6 obtai ned, which had a relative :
viscosity of h[err] = 2.78, contained 27 meq of 35 NH2 end groups per kg
(in confowoidrmemst h Exanple 5b in WO 93/ 25736) . POAIN7/08323 4 6

“"PCT/ NL97/00323 - O- Spi nni ng tests:

From the respective pol yam des, fibres 4 Twere spun with a

test apparatus at 240[ err] C and a w ndi ng speed of 550 nnmllmm!“gm“ﬂl“' '
titre was 70/10 dtex. The said yarn was stretched with a 5 totdl *
stretch rati c6of aolgadide. fiteraccording iy Claimiy rel ative viscosity,

and al so the an no.paf sfoUPoa 1R MEDIX Ofs LIS APl gAIgte-6 vias det er i ned |

in the fibres. nity for dvestuffs: The affinjty for acidic
dyestuffs of the v%%?%@§9$T%@%%aMﬁbn@e¥%ﬁ?59ﬁXF¥kﬁrﬁPmP°uQth|Ion[err] G 01

Bl ue 200% supg! i edpéyy. anaecf:mye acc@EEDidi tw ¢xaidnesadvn ce by the
manuf acturer in his "Acj d CE)(F)roduci i nformation

of 15 Tetilon". $H %rﬂﬁﬁ?ﬁbzﬁénﬁ %%ﬁé g?% ?%ﬁﬁﬁ REIRANG i the

table bel ow. heterocyclic compound is chdsémh eftom the gfieuper at ur e

Comperarure " " EOhBEIkEng prridine, piogrising, quiagyfir o ! nee

- 35 nin 100[ err] Cquinoxaline, acridine, indole, phenanthridine,
1,4-diazines, 1,3,5-triazines, furan and proline,

10 which have been substituted, if required.

7. Polyamide fibre according to Claim 6,
characterized in that the nitrogen-containing
heterocyclic compound is melamine.

8. Polyamide fibre according to Claim 6,

15 characterized in that the at least one unit per
chain is chosen from the group derived from
picolinic acid, pyridine dicarboxylic acids, 2- or
4-piperidine carboxylic acid, acridine carboxylic
acids, 2-, 4- or 8-quinoline carboxylic acid and

20 quinoxaline carboxylic acids.

9. Polyamide fibre according to Claim 3,
characterized in that X is a radical of an
alicyclic or aromatic compound which contains at
least one secondary or tertiary amine.

THIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED
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20 Additives - 0.5 g/l Albegé[[err]

- O 5% Uni err. Coee -].5%a

acet at e/ ac W—i‘l o acid to pH = 5" to Sé%‘%

- 85 ng/l dyestuff Liquid ratio -~ - 600 -

After dyeing, the yarns were carefully cleaned with cold mater. The
dyestuff content of the 25 fibres was determ ned by dissolving the fibres
in concentrated formc acid amgENpERrPAGENY the |ight absor ption
of this solution using a spectrophotoneter. In this determ nation, the
absorption val ue was kept WO 97/ 46746 ,

PCT/ NL97/ 00323 - 10 - bet ween 0.2 and
1.2 by adequate d|Iut|on Any .titanium oxi de present was filtered off.
Melt viscosity 5 ﬂ The nelt viscosity was determ ned usi ng DVA
(dynam ¢ nechani cal an §5k5§ going fromhigh to | ow - frequency using a
Rheonetrics 800 apparatus at 240[err]C. was determ ned by

extrapol ation to the frequency zero. 10 -Exanpl es and conparative
exanpl es Fi bres were spun fromthe various pol yam des

under the caid) tinnshepeaséi efl pbbyamidds cobdtainthghardits derived from

hot - st r et ched, resgectivel¥.,The nglatlve V|scg§|t% . B
an o minocaproic acid or obtainable by ring-opening

polymerizatioﬁ of lactams, at least one unit
Y-X(-2-)pn

preferably
o)

Y-X(-C-0-)pn

is present, where Y = H or ZH, preferably COOH, X = an
organic radical having a basic nature, n =1 - 20 and Z = an
acid radical, preferably of a sulphonic acid or carboxylic
acid. |

By a basic nature is meant thét the organic
radical reacts as a base against an acidic dye.

- Such polyamides can be obtained conventionally by
copolymerization of the respective acids with the monomers
for the polyamide under the conditions for the
polycondensation .of diamines. and dicarboxylic acids to form
polyamides of the AABB type and polycondensation of a,®-
amino acids or ring-opening polymerization of lactams to
form polyamides of the AB type. Preferably, the polyamides
are subjected in this process to a postcondensation in the
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15- and the anino end groups content of the polyanm de were determ ned

before and aghelospirgning. The afflnlty for acidic dyestufngmé3Wbe
fibres was determ ned as speci fied above. The results are sh@wn in
Table I1. 20 Table I1 . Pol yam de-’

[err]rel : Fi bre dyestuff

meq/ kg ~absorption be- after before after
ng/ g ng/ m AMENDED (RAGE 33 poly. eq

- be - I am de NH2 ' Spi nni ng
spinning _Akul on VMI 1203 2.82 2.93 47 43 2.60 0.060

(1) - solid phasgg 2.69 - 2.11 0.054 25 (2

2.68 2.78 27 23 1143 18982 from Us- A)-3gg/9%‘991 Felris ﬂ%‘ﬂ@ﬁ’r el i ng.
T

In'relation to the relatlve viscosity, it evi dent mthe results
that the fibdyeabddidyngft polyamides byverpodymezd siadspuiviscosityr e

reproduci bl y (0387 i zer doBlsd's tihgabftB@pe&gdﬂngrﬁ”é%%ﬁﬁ%?%%@?ézhdwyﬁg} s

WD 97/ 46746
- 11 - the polyamides disclosed in this reference do not contain

less than 10 meq amine end groups/kg, nor is any indication
given of the advantageous effects of lowering the amino end
group content with respect to the improved'inertness against
deviations in the production process of the polyamide, the
fibre thereof and the dyeing of the fibre.
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V|rtuaIIy i dentical to the polyanm de according to Exanpl e 5b.of WD

93/ 25736 “hEﬁ?%bé%i%ﬂﬁilp produce . fibre in Exanple 12. Only HBQWO

pol yam de in e f1ore according to the invention has a relatlve
viscosity 5 which does not differ fromthat of the-initial . 'pefyam de,
whi ch nmeans that, during the spinning process, no perceptible
alterations occur in the . polyam de, as a result of which a very

repr oduci bl e fibre is obtai ned AMENDEDhPAGENHer f erences in the 10

spi nning process will not result in altered chem cal properties of the
fibre. The excellent thermnal stability is also apparent fromthe

dynanic nelt visco&bhnimeaadﬁeﬁ&&thhwrw@i@hbbh&cp@@ﬁwﬁaﬁaﬂéJ inter
showed virtu;lly no Ch%Ege ver iod qf 10 m _nytes, 15 whereas for

pol yani de (2} 1&nd*EA&C \‘/'IW‘ iD s whichcontadd nitEogel, 9, Fugan of

melt viscosptybvBh nitrebear Wed oxygen. Suitable @ompbwﬂdserax%ql YNy test
fi.bres were s with a Bar,mag MEX SW 46SD spi nni_.ng gpparatus at a set

20 tenpera?ﬁgEPgne 2R EXPFECAiS %Wﬁ%%p@é‘@ s kg@@(;rogerhﬂd'l
5500 m mi n. tfBeryagn Ekhﬁbl@%sOQG%W%QPnQQr%@@nﬁ%ontaﬂgi Hgﬁéfﬂﬂ

group content of the fibrée obtained from Akul gn 2 3,. was _about 10%)
Iess t han ofompeunds B&W&Wé@l@ﬁan@ll@ﬁélétl&etred{%qqilnﬁte FEnExatiAfor of

end grogl?:?:.ﬂﬁ%eaiiﬁofl mg?én 91%:%%1'8‘1?{&9 1dyd Q%zt:.fffes, £orS RixHH

'process Icating a S|gn| ant c egree of pol ymerisation
and dyeabi | Lt § -pIberezibexyL,3,5- trl@@ul@egnd f@mm@ca@mheemeléﬁnlmﬁxﬁde 1,

changed by 89, puradeni'BAT108 CORUOURROR St diflede it

measur ed. asi 't he "pol yam dé Tt enai ne cons dnt at
43-44 neq/kgesdredheograhabateom@@umﬂs fN@MamIﬂa:;s stromgiye prefieapseder y

Started froiFRibhEer avpRelt 33 et p a3, SraReiE A s e

about 40 35trﬂreqtnlig.océh:$mnyt1r1ct hicidf il @ hedyamiidey ofitgo@®B type. In

: ;ng‘t ?Lﬁovg#g,agﬁ;rsgp )éunrclag atc?L F$ prer}.aerably cor}:refspo sactcortq‘ ng to the

amlnocarboxyllc acid from which the unlts of the polyamide
chains have been derived. Such polyamides, which have a
degree of branching of at least 3, aré'exceptionally
suitable for high spinning speeds. _

For polyamides of the AABB type, use of
monocarboxylic or dicarboxylic acids derived from nitrogen-
containing heterocyclic compounds is advantageous. Examples
of these are picolinic acid, nicotinic acid, piperidine
dicarbokylic acids, 2- or 4-piperidine carboxylic acid,
acridine carboxylic acids, for example 9-acridine carboxylic
acid and 4,9-acridine dicarboxylic acid, quinoline
carboxylic acid, in particular 2-, 4- or 8-quinoline
carboxylic acid and quinoxaline carboxylic acid. Such acids
are available commerc1ally Preferred are dlcarboxyllc
acids, with which polyamides are ‘obtained whlch lend
themselves better to spinning the fibres according to the
1nvent10n at high speed.

.Other nitrogen- contalnlng carboxyllc ac1ds
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- 12 - Erbasgameabfinity for dyestuffs mhlch i's Qonparable &003W0 t hat
of fibres which contain an appreciahble content of - am no ‘end. groups.

As a result of the great stability of the: 5  polyanide-during-tha,3pinning
process, said affinity for dyestuffs is very reproducible. An

expl anati on of this could lie in the presence of the triazine ring,
which, inits totality, reacts as “heldhkatape Soup with respect to
the dye stuff. The quantity of dyestuff 10 absorbed per triazine nolecule
is in the sane order as the quantity of dyestuff absorbed per am no end
gr oup. FHitaRde \ﬁ@Fd§°P9}YF'&F9-|Zﬁéjlt°ﬁ'e agga FOMPP A GantaiRing  conpound
having an akkabhagr Pataﬂﬁeterz]%@. ?fﬁj nes Halh 't A a/ari ed. Since
all the nolecules o oun aV|ng a allne nature are built
inin the pol yan de, precise nmetering and: reprodu0|b|I|ty are

possible. Variations iph th I i on process or esi dence tines
in extruders or ot herhﬁr qug(:a Wd@&apat us have no |n(f]{)uence on the
affinity for 20 dyestuffs. It is very surprising that a
firbre can nevert hel ess be spun with a branched pol yam de such as

pol yam de 1. The nechanical properties of the fibre obt ai ned are
conparable-to those of a fibre conposed of 25 a linear polyanide of .the
sane relative viscosity. The nodul us of elasticity even appears to be
approxi mat el.y 25% hi gher. A further advantage of this

fi bre containing branched polyarmide is that it can be obtained with an
30 appreciably lower spinning filter pressure with the same spi nni ng
speed as a fibre conposed of I|inear pol yam de having the sane rel ative
viscosity. Spinning’ speed may be further increased w thout fibre
rupture -
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fhan for a conparabl e unbranched pol yam de. Additional 35 benefit can

probably be_ achieved in relation-o-the: _hechahfcé[ propertles b
optim zi ng %4 conditions: - . Encl osufe, 1. I .. 8703W ,
AVENDED SET OF CLAIMS - P 15",,’

'[err] 1. Acid-dyeable polyanide fibre obtainable by splnnlng a

pol yam de havi ng an am no end group content of |ess

whi ch the pol yani de having an @ﬂmi_sm%@%mem 3{"]“ Eﬂmllllillll
meq/ kg is built up of repeating unrts produ react i*on cbhet wee

| east one diam ne and at | east one dicarboxylic aC|d ( AABB) or by _
ri ng-openi ng pol ynerization of a | actam (AB) or by condensation of an
am no acid (AB), characterized in that, in each polyanm de chain in the

case of AABB. thdtéyeablEepeﬂyamédenfibuerbbaainab&eabwib@ihuiagia
nai 0 e, T Mg vamiae navify'a aniap HAe7RERH sblebIE, OB U
havi ng t he €hanuiLa meq/kg 1n wHizhYthe poapdmide havﬂngobmaumdaochain
i? the case of Agnanééghp content ogsieonetﬁan 10 meq/kg 1s gUIlL up of -
repeating units produced by reaction between at least
one diamine and at least one dicarboxylic acid (AABB)
or by ring-opening polymerization of a lactam (AB) or
by condensation of an amino acid (AB), characterized in -
that, in each polyamide chain in the case of AABB
units, at least one unit derived from a dibasic acid
having the formula "
;Z-X-Z-
is present in the polyamide chain, or the polyamide
chain is terminated by at least one unit having the
formula ' '
-Z-X-Y
and, in each polyamide chain in the case of AB units,
at least one unit
Y-X(-Z-)n
is present, where X = an organic radical having a basic
nature, Y = Hor ZH and n = 1 - 20 and Z = an acid

radical. _
2. Polyamide fibre according to Claim 1, characterized in-
that 2 is A
c
-C-0-
3. Polyamide fibre according to Claim 1, characterized in

that X is a radical of a nitrogen-containing and/or
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W

i s.preseM® where X = an organic radical having a basic nature, Y = H

or ZH and F :E% -.%Oland Z = an acid radi cal . 2. Polyam dgfihye
accordi ng , aracterirzed in ~that Zis - 3. BoVani de
fibre according to Claim1, characterized in- that -X is a radical of a
ni trogen-cont ai ni ng and/ or REPLACEMENT t 31 08
. AMENDED SHE"E Encl osure 1.4 Mﬁ“lmﬂmlllu "Ilsl “ I!II
[err] oxygen-conf{#ining organic compound. [efr]*

oxygen- cont ai ni ng .organj ¢ cqQnpound. 4. Pol yam de fihre according to
daim3, charac _'Xé&% ?1é¥g¥£ F9LRATANE &P ¢ %%H3{ﬁ§h9raCterlzeg in

ni trogen-cont ai iyt and/Pra radicX e GO Pide i died £100y¢ | dxd Loppound.

5. Pol yam de fibre according, to Caim4, characterized in that X is
a radical of a MXYIFERABRHIHIDPeterockrlit R@IWMonpound. 6.

Pol yani de &i br e RaGAidW £ 15:Q UBOrd SRSt ETd AR % | 'charactdPobed hen
nitrogen-containi ng heterocyclic conpound |s chosen fromthe group
conprising pyri dibad Hikeera dradical of ajnrHoreIRn -epnkdI@INFe, acri di ne,

e, Wb HEHEI e colydhar tes, 3,35 1)t nes. furan

6. Polyamide fibre according to Claim 5, characterized in
that the nitrogen-containing heterocyclic compound is
chosen from the group comprising pyridine, piperidine,
quinoline, quinoxaline, acridine, indole,
phenanthridine, 1,4-diazines, 1,3,5-triazines, furan
and proline, which have been substituted, if required.

7. Polyamide fibre according to Claim 6, characterized in
that the nitrogen-containing heterocyclic compound is
melamine. .

8. Polyamide fibre according to Claim 6, characterized in
that at least one unit per polyamide chain is chosen
from the group derived from picolinic acid, pyridine
dicarboxylic acids, 2- or 4-piperidine carboxylic acid,
‘acridine darboxylic acids, 2-, 4- or 8-quinoline
carboxylic acid and quinoxaline carboxylic acids.
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o : . . _ 9805783 -
7. - Polyanmide fibre according to Claim®6, characterized in _ that the
nitrogen-containing heterocyclic conmpound is . mel am ne. /AZiASN

‘Pol'yam de fi cording to Claim6, characterized in ‘
one unit per%ﬁjﬁm’ de chﬂomwaﬁﬁﬁk&%?W% group O@ed from

2;0' i mﬁlﬁ@iﬁ@fﬁlﬂ&ﬁﬁ&no PUBEL _ ﬁﬁﬁfﬂ#ﬂ%N;‘%O@ﬁWﬁﬁb&ﬁﬁ?&ﬂ
car &R Jsrpations} Rytent, Classifiption G 11| i ne  c4r bokgH)ibgeramin@EPublication Number: WO 97/46746

CHENER 6/68}-HE! Al AVENDED SHEET
REPL_A GBG 69008 MAY 1998 (43) International Publication Date: 11 December 1997 (11.12.97)

L~

(21) International Application Number: ‘/ PCT/NL97/00323 ,(86 Designated States: AL, AU, BA, BB, BG, BR, CA, CN, CU,

CZ, EE, GE, HU, IL, IS, JP, KP, KR, LC, LK. LR, LT,
(22) International Filing Date: / 6 June 1997 (06.06.97) |, LV, MG, MK, MN, MX, NO, NZ, PL, RO, §G) SI, SK,
_ ‘ o TR, TT, UA, US, UZ, VN, YU, ARIPO patent (GH, KE,
LS, MW, SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG,
(30) Prjérity Data:

KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, DE,
/ DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE),
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,

9600513 __~  6June 1?}/%06.06.96) Ve Bl‘i/

(7%plieant (for all designated States except US): DSM N.V. /
[NL/NL]; Het Overloon 1, NL-6411 TE Heerlen (NL). /
Published

(72) Inventors; and With international search report.

(75) Inyentors/Applicants (for US only): ARNAUTS, Jan, Eugeen, Before the expiration of the time fimit for amending the
Frederic [BE/BE]; Lentedreef 22, B-3530 Houthalen (BE). L~  claims and to be republished in the event of the receipt of

NUENHUIS, Agze, Jan [NL/NL}]; Gangelstraat 2, NL-6132 / amendments.

L~

#
£
8
3

HB Sittard . VERSLUIS,Comelis [NL/NL}; Brugstraat
13, NL-6171 Stein . ABERSON, Rene [NL/NL};
IJsselmondestraat 28, 137 KD Sif (NL). s

(74).Agent: ALFENAAR, Marinus; Octrooibureau DSM, P.O. Box
9, NL-6160 MA Geleen (NL).

(54) Title: ACID-DYEABLE FIBRE

1

. The invention relates to an acid-dyeable polyamide fibre which can be obtained very reproducibly and unsusceptibly to faults during
the production process. The fibre is characterized in that the amino end group content is less than 10 meq/kg. A very reproducible affinity
for dyestuffy is obtained by copolymerization of a compound containing an acidic end group and having a basic nature. Compounds derived
from melamine are particularly suitable.

(57) Abstract




