'_SG_UTI ON- DYED NYLON FlI BERS The present_invention reI ates to spinning f| b-ers |
fromthernoplas- 5 tic polyners. More s&em fically, the present invention

rel ates to spinning ther m)pl astic fi bem' Ulﬂ,mw,’u‘mttlmcol ored in the nelt,
i.e., sol “H] S/gi%eq As used herein, have the wearipogez411
ascri bed to 0 "Colorant" nmeans a cowpound added to inpart color to

a substrate. Colorants can be, for exanple, pignents or dyes or mnixtures of.
pi gnents, dyes, etc. 15 "Spi mﬂumpebﬁmmtw#mmans t he percentage of tine
that the winder is collecting yarn ("up tinme") vvith respect to the total
operating tine, i.e (up tine/total tinme) x 100. "Solution-dyed" neans
that col orThe pxRRemtt dny¥enfber TedakehgtARSRETHE &PBFSOf T e fésarmlﬁg it
into a fbbetctpuvlomgirsa ¥Mpransyestifdapilly ar yhe |nrdsenknénvenhion nalait@sdto
nylon fi begﬁlmﬁ@%e&%bnaseﬁ |81 berghthaesasd amticred ¢ar ke meappl iicati,ons.
For these P A_lae;% 25 exposure to light causes the fiber to discolor
and/or to Tose p yS|caI propertles Li ght stabilizers have been

i ncorporated in the nylon ner to address this problem ar

sever al cIé%s‘é%e%thrledﬁt Eg‘aﬁg‘}f@r‘:@s BAVe (the iMEADINGE PG ec‘{sttoaﬁs‘leF‘Zers
(such ad0hi ndered phenol s) are expensive and have limted effectiveness.

| nor gani ¢ sabisrarte geassatl| gonpesmderpéadi ve mpanwceleff eetd \wubshgate.
organi c stabibizeds daut beyf f6F dwaapna, dpfdmesid reldyek probixffrdseE. For
exanpl e, gp ém? gdse Le inexpensive relative to organic stabilizers
but formc % ep05|ts I'n pipes, spin packs, extruders and other

equi pment because sone ,of the copper jons reduce to eI ement al per during
the spi ARi NEPHRDE &F Tﬁﬂ?nﬁﬁeﬁ?f%é‘ﬁ’ ﬁk SPRESTHFaRe Ofn LG thsf éﬁ’te

3,929, 725 wondawiis med 120tLNSG YRR ditPNoime’ >94mt4124e1sae¢ém tl’@)ﬁ@élal
deposits capeeasjrirdimg,diféi culud esmardoaadl singni £ d8At equi pnent

mai nt enance expense Furthernore, the removal of copper deposits generates

envi ronment, g #mi @abhsaﬁéfé&a%mcoléﬁ fsCA@cﬁeﬁ ¢hb at @bbéfzarﬁnms; kigown as
" hi ndergg am ne

asr.on L
stabi | i ﬁﬁﬁﬂ es maf/’ er tlﬁ% ol yrrer a ?‘8}1%?3 i zat| on in
the form ofaPillagyp gg/ 50610PCT/ EP98/ 02411 2 nmononers, I ow mol ecul ar wei ght
additives or incorporated into a polynmer backbone. Such stabilizers are
typi cal | y btghs costwrantiakowed fdsct.i nehes st toepmreed notcopplicivnddy
stabilizer ilg‘liﬂ 2éldidtiann, rbhecqdaiieappl sebfidias. [Feen chode fiybrb¥ ibers,
pol ymer 458 E‘ﬁre‘:’ @ﬂﬂeh@emss tinfd t:hseereéeal%o%raahm&twoq&fe
conmpound. QrQ§§|%“ '@t‘éR?? 3{344{3”' #ﬂ'@ ted in
solution-d ers hi 1.0Nn- (Ty ers are
descri bed L}¥351°‘"Pa’t° AeRot° £ Z?S§4f fﬁ 11 ‘one. The pr obI em of |ight
stability i s conplicated by solu- tion-dyeing. Sonme colorants actually
accel er at eThaee derg atyered olasdes lodsiipbt yspalgid izershods addiiiviesing
addi ti ve®, otbenid heyadiosesran(sinac @sphahbierde gramonfs) she engtderdunviengnd

exposure tgaleoimited Reret prassdoes not remain "true" to its color.
Proper 15 stabilizer selection is made tricky, to say the Ieast For

exanpl e, certain nts are tau be inco at|bI S

st agFI i zer§n°§é%n% %ﬁs?rﬁn%e%r%%ﬁ gFSS ?’f‘Rﬁfg %ﬁer c%ecuv "
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col orants, obhhsi @dskidyiQn zegs i Epriheopply N@épaAldsOAnphases, Igpinhe

manuf act ur g, gf < a ge%sofméOééﬂéro'EQQX?ﬁ‘eM@rﬁb%adste 's%m@oéf HRE idopplert 0 Use
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fi bers col gggg &&n@eggdggire{ﬂlaé %fﬁ gg i rabl e. Therefore, there
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remai ns a nee or an-i nexpensive me naklng a variety of colors in
solution-dyed nylon fibers that are stabili zed with respect to the

pol yam 48 an@la®s tdfe scabér 4pers SiichnavRetRothiiared ABLnAaliTny¥ 8Pt he

di sadvant agésetératomiby déscachmdmliiaads” 40HALS sStabdAieby eaddigfivelse mpyesent
invention be PE@yd d® &hpr peEgser QIf tRRKpBUymeti Y iont ahi Lhaefbolddt i on- dyed

fiber. I't is another "objrect” of the present invention to provide
i nproved 45 spinning effi aditionally to spin
sol ution- dyed fibers. I"EME & @WMH EP98/ 02411 3”%§ﬁuﬁthem@ ect of the
present invention is to el i gnificantl did#Lscabi | i zel

bui I d-up in melt spinming +in&$" _Astill further obj ective of—the present
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where R1, R2, R3, and R4 are not hydrogen, but are any al kyl group such as
nmet hyl, ethyl, propyl, isopropyl, butyl,-etc., hay- 35 ing up to about-20
carbon atons. R5, R6, R7, and R8 are any. al kyl group having up to about 20
carboh at owe9gsodydr ogen. The R 1-8 may be all the sane; t h&¢THAEYS/AI4llpe - .
different; or they may be sone conbpnation thereof. It is contenpl ated that

th | kyl b it I ‘ 4 o [ i is in-
the al kyorinoue %%@gﬁqgﬁg Wl aldark 1 0EQUPS 1 nBeeBorEbEli inkoan IS in-
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pi peri diymw ¢EfpehiveResS compared gt COPREFr ABPRS pﬁet&%rli éi fe.  Exenpl ary usef ul

hi nder ect 4 ,pither palyreec drgsedidkas rhgard@odTEi &l HYEPPIMAST BEERE ' - R8Pl ACED

WO 98/ 5060RCHoEBR8L 9241 kHe Hrasemae f2'a, BABS - tyaie afechyppipér i Thie;

4- (am nqal kyloen2adschidaa gl wanes judqizeri di ne;

4- (am noaryl)-2,2',6, 6" -tetranethyl pi peridi ne;

4-(am noaryl /alkyl)-2,2'6, 6" -tetranet hylpi i dine; , lution~

4 OB ) S 181 2 B ALY EbeE | Hdierampte, soution

3- (ami nodwed Inyignof iens arg S&RET HRADi Pl i ngrtent No. 4,374, 1u.

3- (anioomnibne?, The, Brohlan sfelhyhpi Pabidisy; 1s complicated by solu:

3- (am nogiad+@iekiyk) - QoRe @ 1@ rahes rammiahilvpppeelenate the degradation

2,2', 6, 65¢ tald agethydrdaiiqeer wdtRecardanylieingiaiditives, the fiber

102, 2°, 619'55{ ey @EEI:? dedb ra%gkgé negl dorlepat ROXYH iy @Gdpdsure to light

2,2,6,6 Te rgzgg '4&%; &k 1nr(r:’:§r l"Ct%rulg xyb ﬁtéﬁc&!di;or. Proper

2,2',6,6°LtElG Pﬁé&lﬁ-. %éﬁpl dfﬁea’f%%‘_ldsyar yl car boxyl'i,g aci dpo,

2,2, B56ataktkigest Fplegt e ARABCETHURYI i€ §Y i€ o35t For " HALS

2,2, 6, bbxargYaneryais-piquantsi Asal kGHIEr 56X PP tRcRNARtibds yith HA

6, 6' -t et eami iy er3- peperw d Hexdisy| ead HOX Hungezei tEndyrfrial Organic

2,2", 6, 6p; Lfdf@veiY]addg i Perdchianeariy/ /rideraarbépybliic adi dsrmdme, hi nder ed

am ne cogrggﬁm% may he,pixtures of these as well. To 20 nmake the pol yanm de

used in e Ppr gsent i nvent i on, the hindered am ne conpound is added to the

start?ﬂg nononers or to the polynerizing, reaction. m xture,
pol ymer i 2athensh 0 P87 B abt yf%?&FrlP@a %‘i}?“d‘(?@o?ai ﬁ’gggc (?né ggﬁlgg%ﬁ{ other
convent i onabraori tthdssaddit jml yseAnring thise PPYFREBY2&nie PRBAGE!D e. g.,
capr ol actag hanumiceu2t 6§l opdiettheohi sulertddnadivad vompourdd ii§ BEHed to the
starting,peeePESsS f wEEOoSs AR Ba@3is alealdly BoBored (hotpkefiesabrgdirom
about Jf a%@ b8y Or‘itzr?gién@idt %H{duA o' BL alp Sk ri2 %Baplﬁeima?ﬂbgUﬁaeoz t he
pol yafi'de), i.nder am, u AN 5 grat aone
chai n r e§AL¥POF Widdi ¢4 F"ég% %iwnﬁsleggggfﬁ% a@é? %gréexal\r/r!plltre}, :
nono- car BER§Hi P EGTYE SficPOP¥ Sxcetic acid, propionic acid and benzoic acid;
and di carboxylic acids. 35 Preferred dicarboxylic acid chain regulators are
sel ect ed thr eaai tiorgr eeptafn G lck@nakkaneciss@sbok y¢ ¢ kozasi tds af€. §OrCadi pi ¢
aci d ﬁ%lel}%hg_lﬁcdict,fi%?agkoh@%er Lnd%ﬂfwﬁﬁﬁtmramﬁﬁ ;frimsttzeminsnd' y
napnt ha C Yk 1 555 GocekSO ek BodcCt¥ht tiepaiolielBakhe aci
and_naph Eg?g%‘e%%dfcgrggxéf 'si,fge%ii d) 4, @0k 140 60BBI HALd NSt heeasf .
Pr ef er abPFPIPPHRT i it B6RGY @ a0 cRai ' regul ator 1 s terephthalic acid,
sebaci ¢ etdrapladipidesicrle The preferabl e amount of dicarboxylic acid
used is fromO0.06 to 0.6 nole %in relation to 1 nole am de groups. 45
W98/ 536 TOREEE ERO8/ 24 b1 réma W er nesdpfef earalingxpeedive Be ISy F€Fi zat i on
i ni tiatokpakThe anpunte 9l ovatsTonSad aslati drtidyedt oylomyf Meems isheti gre
Lypicall % aRoul, 0 4,y XsPaset Pinkhgo Wpaite Gha! b @@jwl@ﬁﬁfam monorer .
en the am de oner -caprol ac e r [
condi ti oﬁé‘cgré ?‘?%%a%g‘ﬁf‘&§4%%% ageaggﬂ?t%Q% gg%gg %IEt %égtaoehzggoa?elz hour s
at pressdiescedhed takey$ -of from about 1.0 to about 1.9 bar. The pressure is
measurgd in the vapor phase above the pol ynerization zone. 10 The pol yam de
made in thi $sWay éSjd@dofotRe Erdgentet nvémt iarayoberanydesa MigeesgsEQTi n t he
art for $pinRibNg fifar $cabyPis&d 961u846h-@xdd udees . mel t the pol yani de over
several stageS. The nmelt tenperature will depend sonewhat on the pol yam de
used but will 15 generally be_in the range, from.,about 240(:1ée0 .%%%;,85900.
The mel t €& P&l §aotRRE iPICEFoPRd-RA PReSCRDI U1 A 188 &2t RY ¥ Oom™ T he .group
consi K5 rpiohipy geihites engyefor aeradditional lnyd Kdiicréd ESnPRThPWHHCR™
properti esedn fheéveen pi gnments and-dyes and 20 conbi nations or m xtures of
any of these. Especially preferred colorants include those that are
considered difficult to spin due to breaks (decreased-spinning efficiency).
These col orants include transparent iron oxide red,| ZihcSHEErrHAsestan,) and
titaniumdioxide. It should be noted that pure i ror{_oxi deEgiqgment (i .je., 25
iron oxide that is not used-w th other—cotorants), which yields arted
color, is not included in the list of pignents that are used in the present
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2 ,Zone 3 Pol ymer tenperature 5 Throughput W nder Finish PCT/ EP98/ 02411
10" 240C.260C.270C 270 C 30 granms/ m nute 371 neters/ mnute take-up 0.90%
finish on.yarn Pignents are added to the nylon 6 host polyq%éygég%{ to
yarn 10 ex¥P@siseeidas the concentrates described in TABLE 1 & &ﬁﬂit[pn
to the host polynmer, concentrate chips are first ground with a Wley M1~

and the ﬁ:angrtl?xl e”ﬂﬁ‘j‘g&\/\i‘f "%:h% 'Frlegéh}l R Ry ienté elimitetee pel pigr. 15

TABLE 1 arng rs { 08p fnh-A¥ Anmidanphi | | HDK
kni tter Rf3 yo6f HC?I%. B§§%ro cfﬁkggtKn?t fﬁ%ﬁs are tested for

xenon arc, NOx and ozone exposure according to the AATCC net hods |, dlcated
above. Thestdatla fagthrenevi efteieUPE ERPOREAEE Y énﬁFEEe‘ﬁ‘Pe’dsltr? PABYESS3 and

4. Thesdatpidrar shebanizex sl wipnsdyedaf Boerresented in TABLE 5. 40 EXAMPLE
2A- 21 COVMPARATI VE (Sol ution-Dyed Nylon Fibers - Nylon 6 Host

Pol yrer - DL bl 8d Wb RaCRRRE dne pEXSERL conhndlonC 85! esRoRSIgSRaCEhVEl y L0

Exanpl es pp I £mnd 1ba-added
to the b‘ébr%“éﬁ?&é& oﬁ’éeﬁ?&g’f afgo 1e8edb€%é%$§b§§(%ebgbg\g% in nyl on fiber.
TH S 61- fyed DYUORSEBPERRFPLACED WO 98/ 50610PCT/ EP98/ 02411 11 Knit tubes

are exposed and tested for Xenon arc, NO and ozone exposure. The data are
present eghége TABlCSs3abe EMMRLEES iBAa- pBACENVEITE @RkENg SHtaRildFeByed Nyl on

Fibers - A/Pﬂfdrﬁih |@Bbb@%y%m@) aEpanpaesie3 Ah3bhcbs raspind
respect i ve ARLES, A" 1 P g%sgneg weamweggth@ﬁa RSy RS i S
eq.in

capr ol act3 ence t i peridine
using tef efﬁﬁ?ﬂﬁx%}clﬁcéelﬁheﬁfldp 35°F e ?2? gﬁgl?kgu Eégégggpexposed and

testede9#pe&&ﬂﬂFQMQ9mPN€PQnHa%EHhéhéx 8§ ?%a The data are presented in
TABLES 3-5. 15 EXAMPLES 4B- 4G (Solutlon Dyed Nyl on Fibers - Mdified Nylon
Host Pol yner - Copper Stabilizer %ﬂ ) npl es 4B-4G correspond to
Exanpl es 3B- 3G except that of R @@E Bﬂa conpound stabilizer is added to
t he bag bl ended pi gnent concent ovyield 0.01%in nylon 6. Knit tubes
are exposed and tested for Xenon arc,\NO and ozone exposure. The data are
preseﬁped in TABLES 3- SFlEB MPLES BUd5F and COVPARATI VE (Pure Iron Oxide
Pi gnent) Exanpl es 5A—5F ar ed according to Exanple 1 using the
for-30 mul ati ons shown in TABL . 40 45 THIS SHEET HAS P, E. E7-1
REPLACED WO 98/ 50610PCT/ EP98/ E‘]G ?%QT‘F?* 15 caprol actam

pol ynerized in the presence of 2’27 etraal - kyl pi peridine using
terep halic acid as a chain regulator Knit tubes are exposed and
teste for xenon arc, and_ozone h ata.a ed in
TABLES 3W5ersskio &5 J§ &%Q 0 o8 g’%&‘?ﬁ%‘é% 01;%%{@]]%33, difk q% ag 1 06
|ET C) | VQVEBE up &tq EpoNgg2P\EarRep (a5omss| afg R R %Y or IL

SV S6 ETkyI8gHGurshadring WPLtyX0 carbon atoms or hydrogen, and col
ing the melted polyamide with a colorant selected from the group

30 consisting of: pigments that are not pure iron oxide pigments;
dyes; and mixtures thereof.

The colored polyamide is spun into fibers that have about 40% or
better retained tenacity after 2125 kJ exposure to Xenon arc

35 radiation as per AATCC Test Method 16-1993,_"Colorfastness to
Light,” Option E and that contain no more than about 10 ppm un-

complexed copper.

In another aspect, the present invention includes a light stabi-

40 lized solution-dyed nylon fiber. The fiber is a polyamide host
polymer which is amide monomers polymerized in the presence of at
least one mono or dicarboxylic acid chain regulator and at least
one hindered piperidine compound having the formula:

as S
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R7,R8 R1,R2
H,N NH
5
R5,R6 R3,R4

10 where R1, R2, R3 and R4 are not hydrogen, but are any alkyl group
having up to about 20 carbon atoms, and R5, R6, R7 and R8 are any
alkyl group having up to about 20 carbon atoms or hydrogen; and a
non-white colorant dispersed throughout the host polymer. Such
fiber is substantially free from copper compounds.

15
Related objects and advantages of the present invention will be
apparent to those of ordinary skill in the art after reading the
following detailed description.

20 FIG. 1 is a bar chart comparing the retained tenacity after xenon
light exposure of fibers made according to the invention to other
fibers.

FIG. 2 is a bar chart comparing the color change after xenon
25 light exposure of fibers made according to the invention to other
fibers. '

To promote an understanding of the principles of the present in-
vention, descriptions of specific embodiments of the invention

30 follow and specific language is used to describe the same. It
will be understood that no limitation of the scope of the inven-
tion is intended by the use.of this specific language and that
alterations, modifications, equivalents and further applications
of the principles of the invention discussed are contemplated as

35 would normally occur to one ordinarily skilled in the art to
which the invention pertains.

One aspect of the present invention is a process for making light
stabilized solution-dyed fiber. A modified nylon containing a

40 hindered amine light stabilizer (HALS) functionality built into
the nylon molecule is used. The result is a surprisingly stable
fiber product, even in the presence of strongly pro-degrading
pigments. The invention significantly reduces dependence on
stabilizer additives for solution-dyed nylon production.

45
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The process of the present invention includes melting a certain
polyamide. The melted polyamide is colored with a colorant and
spun into fibers. After spinning, the fibers are quenched, and
optionally, drawn, textured and taken up according to typical

5 procedures that are well known in the art.

The fibers made by this process are useful in any of the common
applications for polyamide fibers. These applications include
(but are not limited to) apparel, carpeting, upholstery, etc.

10 .
The certain polyamide used in the present invention is made by
hydrolytically polymerizing nylon forming monomers Or CO-monomers
(e.g., those used to make nylons such as nylon 6, nylon 6/6, ny-
ion 12, nylon 6/12, nylon 11, etc.), preferably, e-caprolactam in

15 the presence of water, at least one dicarboxylic acid chain regu-
lator and at least one hindered piperidine derivative. In the
description of the invention, nylon 6 and caprolactam are used as
specific examples of the invention. While this embodiment of the
invention is presently preferred, it should not be considered

20 limiting. The exemplary nylon may be made by polymerizing
e-caprolactam in the presence of at least one copolymerizable hin-
dered amine (piperidine) compound of the formula:

2 R7,R8 R1,R2
H,N NH
30 R5,R6 R3,R4

where R1, R2, R3, and R4 are not hydrogen, but are any alkyl

group such as methyl, ethyl, propyl, isopropyl, butyl, etc., hav-
35 ing up to about 20 carbon atoms. R5, R6, R7, and R8 are any. alkyl

group having up to about 20 carbon atoms or hydrogen. The R 1-8

may be all the same; they may all be different; or they may be

some combination thereof. It is contemplated that the alkyl

groups may be substituted alkyl groups. Such substitution is in-
40 cluded within the scope of "alkyl.”

The hindered piperidine derivative is preferably an amino pdlyal-
kylpiperidine. Preferably, the hindered piperidine derivative is
a 2,2',6,6'-tetraalkylpiperidine. Exemplary useful hindered

45 piperidine compounds include:
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4-(aminoary1)—2,2’,6,6'—tetramethylpiperidine;
4—(aminoaryl/alkyl)-2,2’6,6'-tetramethylpiperidine;
5 3-amino-2,2’,6,6’~-tetramethylpiperidine;
3—(aminoa1kyl)—2,2’,6,6’—tetramethylpiperidine;
3—(aminoaryl)-2,2'6,6'—tetramethylpiperidine;
3-(aminoary1/a1kyl)-2,2’,6,6'—tetramethylpiperidine;
2,2',6,6'-tetramethyl-4-piperidinecarboxylic acid;

10 2,2',6,6'-tetramethyl—4—piperidinealkylcarboxylic acid;
2,2’,6,6’-tetramethyl—4—piperidinearylcarboxylic acid;
2,2',6,6'—tetramethyl-4-piperidinealkyl/arylcarboxylic acid;
2,2,6,6'-tetramethyl-3-piperidinecarboxylic acid;
2,2',6,6’-tetramethyl—3—piperidinealkylcarboxylic acid;

15 2,2, 6,6'—tetramethy1—3-piperidinearylcarboxylic acid; and

2,2',6,6’-tetramethy1—34—piperidinealkyl/arylcarboxylic
acids.

The hindered amine compound may be mixtures of these as well. To

20 make the polyamide used in the present invention, the hindered
amine compound is added to the starting monomers or to the poly-
merizing reaction mixture. The polymerization is preferably car-
ried out according to a range of conventional conditions for
polymerizing the type of amide monomer, e.g., caprolactam to make

25 nylon 6. The hindered amine compound is added to the starting
monomers at from about 0.03 to about 0.8 mol %, preferably from
about 0.06 to about 0.4 mol % (in relation to 1 mole amide groups
of the polyamide). '

30 The hindered amine compound may be used with at least one chain
regulator. Suitable chain regulators are, for example, mono-
carboxylic acids such as acetic acid, propionic acid and benzoic
acid; and dicarboxylic acids.

35 preferred dicarboxylic acid chain regulators are selected from
the group of C4-Cjo alkane dicarboxylic acids (e.g., adipic acid,
sebacic acid, cyclohexane-1, 4-dicarboxylic acid); benzene and
naphthalene dicarboxylic acids (e.g., isophthalic acid,
terephthalic acid and naphthalene 2,6-dicarboxylic acid); and

40 combinations thereof. Preferably, the dicarboxylic acid chain
regulator is terephthalic acid, sebacic acid or adipic acid. The
preferable amount of dicarboxylic acid used is from 0.06 to 0.6
mole % in relation to 1 mole amide groups.

45 L

THIS SHEET HAS BEEN |
L REPLACED ,!




Th771= SZ' St 88' EE- 86' EE- 7: T87n SVEE 55 SE TT76-T-1 P—77677 EFIfé?LJfEH””

7577-1 - rEETT--- 6ZTZ 8L'91- 81'6- 9VZT7 80-17s 00.1Z1 | FFET--1
Ti .F- (57- lwo'BE]EE‘;ml 15T7Fi ---T | ET" 9L 9Z7' SS 86 RXCHERES/@2H1185 -
EE' tE ZE L91 017TP-1 -9-07-89-1 y 1t1  17(77--T 425 kJ Exposure *SCE -

P6Z 1 950 FP-76- 1 Pl P 1561 ' L-7-.- | .0S0,_ . '
E90 1 -YBEmr fgcrreferilvgrsed ¢op PRUAter 225 o 6ﬁ%€f§bﬁ%he69% S? 0
18E' EE-amount of water used as an initiator may vary but 1is Eyplcaa v

about 0.4 wt. % based on the weight of the e-caprolactam monomer.

5 when the amide monomer is e-caprolactam, exemplary polymerization
conditions are from about 240°C to about 290°C for about 8 to
about 12 hours at pressure conditions of from about 1.0 to about
1.9 bar. The pressure is measured in the vapor phase above the
polymerization zone.

10 .
The polyamide made in this way is fed to an extruder that may be
any extruder used in the art for spinning fibers. Typically, such
extruders melt the polyamide over several stages. The melt
temperature will depend somewhat on the polyamide used but will

15 generally be in the range from about .240°C to about 290°C.

The melted polyamide is colored with a colorant selected from the
group consisting of pigments, dyes, as well as any colored
compound with properties in between pigments and dyes and

20 combinations or mixtures of any of these. Especially preferred
colorants include those that are considered difficult to spin due
to breaks (decreased spinning efficiency). These colorants in-
clude transparent iron oxide red, zinc ferrite tan, and titanium
dioxide. It should be noted that pure iron oxide pigment (i.e.,

25 iron oxide that is not used with other colorants), which yields a
red color, is not included in the list of pigments that are used
in the present invention. Other colorants where iron oxide is
only one of the colorants in a mixture of pigments, are included
in the colorants used in the present invention. In such

30 colorants, iron oxide may typically be included at up to about
1.5% by weight of the colorant.

The colored polyamide is spun into fibers according to techniques
known to those of ordinary skill in the art. It is not deemed

35 limiting to use any specific method of spinning. The polyamide
may be spun into fibers as a monocomponent filament or as one
component of a multicomponent filament. The fiber may have any of
the variety of cross-sections made in the art. For example, the
fiber may be round, multilobal (e.g., trilobal), deltoid, pentag-

40 onal, etc.

The denier of the fiber will depend on its intended end use and

is not considered limited by the invention. The denier may be

very fine, e.g., about 0.1 denier per filament or very large,
45 e.qg., about 50 denier or more per filament.
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5 example, it is not necessary to use copper salts as stabilizing
additives. Copper compounds may be present in the fiber because,
for example, some pigments (e.g., phthalocyanine blue) are copper
complexes. The present invention results in a fiber having a 40%
or better retained tenacity after 2125 kJ exposure to xenon arc
10 radiation per AATCC Test Method 16-1993 "Colorfastness to Light”
Option E and even when containing no more than about 10 ppm un-
complexed copper. The elimination of such stabilizing additives
reduces equipment maintenance costs and eliminates harmful efflu-
ents produced in the removal of stabilizer deposits in spinning
15 equipment.

Even more surprising is the increased spinning efficiency noted
with certain difficult to spin colorants. Spinning efficiency is
preferably increased by at least about 0.5%. Such increases in

20 spinning efficiency can translate into hundreds of thousands of
dollars in reduced annual manufacturing costs. Example 6 below
demonstrates some of the improved efficiency observed with the
present invention.

25 Of course, various non-stabilizing additives may be used in one
or more of the filaments. These include, without limitation,
lubricants, nucleating agents, antioxidants, antistatic agents,
etc.

30 Another aspect of the present invention is a stabilized light
solution-dyed nylon fiber that is made from a polyamide host
polymer which includes amide monomers polymerized in the presence
of at least one mono or dicarboxylic acid chain regulator and at
least one hindered piperidine compound having the formula:

35
R7,R8 R1,R2
H,N NH
40
R5,R6 R3,R4
45
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alkyl group having up to about 20 carbon atoms or hydrogen.

5 R1-8 may each be the same group; may each be a different group;
or some combination thereof. It is contemplated that the alkyl
groups may be substituted and such substitution is included in
the scope of ~"alkyl.”

10 A non-white colorant is dispersed throughout the host polyamide.
This fiber may be made according to the process described above.
It may have the characteristics attributed to fibers made by the
process.

15 This invention will be described by reference to the following
detailed examples. The examples are set forth by way of illustra-
tion, and are not intended to limit the scope of the invention.
All percentages are by weight unless otherwise noted.

20 In the following Examples, the following standardized test
methods are used:

Xenon Arc Exposure:

25 Knit tubes are exposed and tested according to AATCC Test Method
16-1990, Option E: "Water-Cooled Xenon-ArcC Lamp, Continuous
Light” to 2125 kJ (500 hours) in 425 kJ (100 hour) increments.
Ozone and NOyx Exposure:

30 Knit tubes are tested according to AATCC Test Method 129-1996,
»Colorfastness to Ozone in the Atmosphere Under High Humidities”
and AATCC Test Method 164-1992, ”Colorfastness to Oxides of Ni-
trogen in the Atmosphere Under High Humidities”. Data is col-
lected at 1, 2, 3, 4, 6 and 8 cycles.

35
EXAMPLES 1A - 11 COMPARATIVE

(Solution-Dyed Nylon Fibers - Nylon Host Polymer-No Stabilizer)

40 Using a small scale extruder with a 1” diameter screw, solution-
dyed 715/14 (yarn denier/no. of filaments) trilobal yarns are
spun without any light stabilization using standard unmodified
nylon 6 host polymer (BS700F available from BASF Corporation, Mt.
Olive, New Jersey) (RV = 2.7 as measured in sulfuric acid). Yarn

45 extrusion conditions are:

i R et me mmmne e ey
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RE717-- 16S LL*6Z LS 5L 95 TUTE 74779T-1 TIFTIF-1 L8 6 1700 kJ Exposure

1-7*FaCl W@9%3F0610 7713- LEl | E6'Z 1-13177-0- | E8 Z BSTEP&MIEG 0o
ETT 7T-71 EL-7n -0777 cvz FERlpy/- |scsy 1-17TE—=-—EEI;;§Z;_‘_ T
1-77-FE-E- |_6L9
Zone 1 240°C TS
Zone 2 260°C - ;’
.Zone 3 270°C
Polymer temperature 270 =C
5 Throughput 30 grams/minute —_——
winder 371 meters/minute take-up T

Finish 0.90% finish on yarn

Pigments are added to the nylon 6 host polymer prior to yarn

10 extrusion as the concentrates described in TABLE 1. Before addi-
tion to the host polymer, concentrate chips are first ground with
a Wiley Mill and then bag blended with a similarly ground nylon 6
base polymer.

15 TABLE 1

20 1A anatase titanium dioxide nylon 6 30% 0.3%
1B zinc ferrite tan nylon 6 25% 0.1%
1C zinc ferrite tan nylon 6 25% 1.0%
1D pigment blue 15:1 nylon 6 25% 0.1%

25 1E pigment blue 15:1 nylon 6 25% 1.0%
1F pigment red 149 nylon 6 25% 0.1%
1G pigment red 149 nylon 6 25% 1.0%
1H pigment red 179 nylon 6 15% 0.1%
11 pigment red 179 nylon 6 15% 1.0%

30

The yarn is drawknit at a 3.25 draw ratio on a Lawson-Hemphill
HDK knitter to make 220/14 flat-knit tube product.

35 Knit tubes are tested for xenon arc, NOy and ozone exposure ac-
cording to the AATCC methods indicated above. The data for Xxenon
arc (UV) exposure are presented in TABLES 3 and 4. The data for
NOx and ozone exposure are presented in TABLE 5.

40 EXAMPLE 2A-2I COMPARATIVE
(Solution-Dyed Nylon Fibers - Nylon 6 Host Polymer-Stabilized
with Copper)

Examples 2A-2I correspond respectively to Examples 1A-1I except
45 that a copper 1ight stabilizing compound is added to the bag
blended concentrate as needed to produce 0.01% in nylon fiber.

)
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EXAMPLES 3A - 3I INVENTION

(Solution-Dyed Nylon Fibers - Modified Nylon Host Polymer)

Examples 3A-3I correspond respectively to Examples 1A-11 except
that the nylon host polymer is caprolactam polymerized in the
presence of 2,2’,6,6'-tetraalkylpiperidine using terephthalic
acid as a chain regulator.

Knit tubes are exposed and tested for Xenon arc, NO, and ozone ex-
posure. The data are presented in TABLES 3-5.

EXAMPLES 4B-4G
(Solution-Dyed Nylon Fibers - Modified Nylon Host Polymer-Copper
Stabilizer Added)

Examples 4B-4G correspond to Examples 3B-3G except that of a cop-
per compound stabilizer is added to the bag blended pigment con-
centrate to yield 0.01% in nylon 6.

Knit tubes are exposed and tested for Xenon arc, NOx and ozone ex-
posure. The data are presented in TABLES 3-5.

EXAMPLES 5A-SF and COMPARATIVE
(Pure Iron Oxide Pigment)

Examples SA-S5F are prepared according to Example 1 using the for-
mulations shown in TABLE 2.

i
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5A nylon 6 |iron oxide | polyethylene 0
SB nylon 6 |iron oxide | polyethylene 0
5C nylon 6 |iron oxide | polyethylene 0.01
5D nylon 6 |iron oxide | polyethylene 0.01
10 SE modified {iron oxide |polyethylene 0
nylon 6*
SF modified |iron oxide | polyethylene 25 1.0 0
nylon 6*
15
* caprolactam polymerized in the presence of 2,2',6,6'-tetraal-
kylpiperidine using terephthalic acid as a chain regulator.
Knit tubes are exposed and tested for xenon arc, NOx and ozone ex-
20 posure. The data are presented in TABLES 3-5.
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As indicated by the retained tenacity data in TABLE 3, yarns made
according to the present invention (Examples 3A-3I) are substan-
tially as photostable as the yarns of Examples 2A - 2I which were

5 gtabilized by copper compounds. FIG. 1 graphically illustrates
the tenacity data presented in TABLE 3. High percent retained te-
nacity corresponds to low degradation on exposure to xenon light.
Lower percent retained tenacity corresponds to increased degrada-
tion on exposure to xenon light. Yarns colored with zinc ferrite

10 tan and perylene red (pigment red 149), two strongly pro-degra-
ding pigments, were surprising at least as stable to light expo-
sure as yarns stabilized with copper compounds. Yarns made by the
invention and colored with perylene pigments were as light stable
as copper stabilized yarns even though perylene pigments have

15 been reported to negate light stabilizing effects of HALS. In
some cases, the stability of perylene colored yarns was dramati-
cally improved.

As noted, yarns colored with pure iron oxide yarns are not consi-

20 dered within the scope of the present invention. Iron oxide red
is a notoriously prodegrading pigment that is not usually used as
a primary component of a colorant formulation Therefore, while
pure iron oxide as a colorant is outside the scope of the present
invention, yarns that are colored with blends of iron oxide and

25 some other colorant are within the scope of the present inven-
tion. It is not considered limiting of the present invention that
pure iron oxide is not within the scope since pure iron oxide is
not a commercially important fiber colorant.

30 As shown in the xenon arc colorfastness data, the present inven-
tion provides yarn that is colorfast to light without the pre-
sence of copper compounds. The larger the DE* value the more the
color has changed, i.e., the less colorfast the color. Exceptio-
nally large color changes indicate unacceptable performance for

35 most commercial applications where the fiber is exposed to UV
light. '

Another benefit with the present invention is that the elimina-
tion of copper compounds as stabilizers permits truer pigment co-
40 loration for certain pigments. For example, as shown in TABLE 4,
the presence of copper effects perylene red’s color before as
well as after light exposure. For such pigments, yarns with cop-
per are greener, bluer, and have lower chroma than those without.

45
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EXAMPLE 6

Spinning Efficiency

Example 6A-Invention

Nylon 6 polyme modified with 2,2', 6,6’-tetralkylpiperidine using
terephthalic acid as the chain regulator is melt colored a light
gray. The light gray color is achieved using a concentrate to
provide 0.3% by weight TiOz, 0.001-0.1% by weight carbon black and
0.0001-0.1% by weight copper phthalocyanine in the spun fiber.

The spinning efficiency is 97.6%.

Example 6B-Comparative

Example 6A is followed except that nylon 6 (not modified) is used
instead of the modified nylon 6. Copper stabilizer is also added.
The spinning efficiency is 95.2%.

The present invention improves spinning efficiency for light gray

solution-dyed fibers by about 2.4%. Other colors may yield diffe-
rent results.
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WHAT IS CLAIMED IS:

A process for making stabilized solution-dyed fiber compri-
sing:

melting a polyamide which is amide monomers polymerized in
the presence of at least one mono or dicarboxylic acid chain
regulator and at least one hindered piperidine compound ha-
ving the formula:

R7,R8 R1,R2 B
H,N NH
R5,R6 R3,R4 I

where R1, R2, R3 and R4 are not hydrogen, but any alkyl group
having up to 20 carbon atoms, and R5, R6, R7 and R8 may be
alkyl substituents such as those present in R1-R4 or hydro-
gen; '

coloring the melted polyamide with a colorant selected from
the group consisting of:

pigments that are not pure iron oxide pigments;
dyes;
mixtures thereof; and

spinning the colored polyamide into fibers that have about
40% or better retained tenacity after 2125 kJ exposure to xe-
non arc radiation as per AATCC Test Method 16-1993, "Color-
fastness to Light,” Option E and no more than about 10 ppm
uncomplexed copper.

The process of claim 1 wherein at least one hindered
piperidine derivative is selected from the group consisting
of: '

4-amino-2,2',6,6'-tetramethylpiperidine;
4-(aminoa1kyl)—2,2’,6,6’-tetramethylpiperidine;
4-(aminoaryl)—2,2',6,6'—tetramethylpiperidine;
4-(aminoaryl/alky1)-2,2’6,6’-tetramethylpiperidine;
3-amino-2,2’,6,6'-tetramethylpiperidine;
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3-(aminoalky1)—2,2',6,6'—tetramethylpiperidine;
3—(aminoaryl)—2,2'6,6'—tetramethylpiperidine;
3—(aminoary1/a1kyl)—2,2',6,6’—tetramethylpiperidine;
2,2',6,6'-tetramethyl—4-piperidinecarboxylic acid;
2,2',6,6'-tetramethyl—4—piperidinealkylcarboxylic acid;
2,2’,6,6‘-tetramethy1—4—piperidinearylcarboxylic acidg;
2,2',6,6’—tetramethyl-4—piperidinealkyl/arylcarboxylic
acid;

2,2',6,6'—tetramethyl—3-piperidinecarboxylic acid;
2,2',6,6'—tetramethy1r3—piperidinealkylcarboxylic acid;
2,2, 6,6'-tetramethyl-3-piperidinearylcarboxylic acid;
and
2,2',6,6'—tetramethyl—34-piperidinealkyl/arylcarboxylic
acids.

The process of claim 1 wherein said chain regqulator is a mono
or dicarboxylic acid chain regulator is selected from the
group consisting of:

terephthalic acid;

adipic acid;

acetic acid;

propionic acid;

benzoic acid;

isophthalic acid:

sebacic acid;

napththalene 2,6-dicarboxylic acid; and
combinations thereof.

The process of claim 3 wherein the hindered piperidine deri-
vative is 4-amino-2,2’,6,6'-tetramethyl piperidine.

The process of claim 1 wherein the hindered piperidine deri-
vative is present at about 0.05 to about 2.0% by weight of
the polyamide.

The process of claim 1 wherein the starting monomers are Sub-
stantially e-caprolactam monomers and the polyamide is a
modified nylon 6 polymer.

The process of claim 2 wherein the starting monomers are sub-
stantially caprolactam monomers and the polyamide is a
modified nylon 6 polymer.

The process of claim 1 wherein said coloring uses colorant
selected from the group consisting of :
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10.

11.

perylene red

perylene maroon;

up to about 1.5 % iron oxide red;

zinc ferrite tan; and - =
mixtures thereof with each other or with other organic or
inorganic colorants.

The process of claim 1 wherein the fibers are substantially
free from copper compounds.

The process of claim 1 wherein said spinning is at least ab-
out 0.5% more efficient than spinning solution-dyed fibers -
from polyamide which is not polymerized in the presence of a
mono or dicarboxylic acid chain regulator and at least one
hindered piperidine derivative and which is colored with the
same colorants.

An improved process for spinning solution-dyed nylon fibers
comprising:

coloring a molten polyamide, which polyamide is e-caprolactam
polymerized in the presence of at least one mono or dicarb-
oxylic acid chain regulator and at least one hindered
piperidine derivative having the formula:

R7,R8 R1,R2
H,N NH
R5,R6 R3,R4

where R1, R2, R3 and R4 are not hydrogen, but any alkyl group
having up to about 20 carbon atoms, and R5, R6, R7 and R8 may
be alkyl substituents such as those present in R1-R4 or hy-
drogen; and

spinning the colored polyamide into fibers that have about
40% or better retained tenacity after 500 hours exposure to
xenon arc radiation as per AATCC Test Method 16 -1993, "Co-
lorfastness to Light,” Option E wherein said spinning is at
least 0.5 % more efficient than spinning solution-dyed fibers
colored with the same colorant from a polyamide which is not
polymerized in the presence of said at least one mono Or

TiiiS SHEET HAS BELN |

REPLACED




cco 189'0 1Z1*0 LT b 0950 920 860. 66°T LOT -9EOI 8TTlI L5 Z
TT*0 TTO | YEL HEI | aEl HEI 3EI DEI HEl 1zI EVv D71 al,l avl avl. Di7l°
VSI ssl osl.asl asl asl WD 98/50610PCT/ EP98/ 02411 21 As indicated by the
ret ai hed t@%ig%}sb?ﬁodata in TABLE 3, yarns made according to tr&E/pesoeat .-
invention (Exanples 3A-3l) are subsiantially-as photostable as the yarns-of
Exanpl es 2A - 21 which were 5 stabilized by coppetC arlal B nl
gr aphi cal | y $19arP0ryLeS IS (BTG f?g‘dg?%\o%raen%e%?ég ;lgn ABLE 3. gllah
percent ret aderad pdpacidinearéd¥péalde-to | ow degradati on on exposure to
xenon |ight. Lower percent retained tenacity corresponds to increased
degr adation MKk SRREEECot 2RO 1l whhteirvagaisl collorduy vis edonelishedte 10
tan ar%j peryl &ng edol ptanerie 1R edd8romt e Sirbapgtynptoedegree-:. di ng
pi gnents, were surprising at |east as stable to |ight exposure as yarns
stabilized wth copper conpounds.. Yarns nmade by the invention and col ored
w th peryl ene piEﬁ'rg‘E]t P8 as |light stable as copper stabilized yarns even
t hough peryl ene P¢INAERESS MREQ@R/5 been reported to negate |ight stabilizing
ef fects of HALS.up nts@eutates,s tironsozxbari ¥§d0f peryl ene col ored yarns was
dramajp- cally i ppiovedrife vabhednd/arns colored with pure iron oxide yarns
are not consi- 2Q;galed \Whbbbof trer 16 e robriiei preasdénbrigantati on. Iron
oxide red is a not rri onutssly prodegradi ng pignent that is not usually used as
a primry corrpon‘é?n Ot % "col orant formul ation Ther ef ore, while pure iron
oxide as a colorant is outside the scope of the present,i nve({mti og, yarns -
that arelzol BrediaassbPéneka st 1) shesRi Bt PSeLHeP R Fet &S OFant are
Wi t hi b5t he scepivefcdrpeupdese-amiventi dh. 61§ 1tetrdneEbysi ARYd41PRit i ng of
the present invention that pure iron oxide is not within the scope since
pure iron, oXifg 45, 3£ CONES Ci RhinerefROfk@irdelred poper dine MAerAs shown

in the xenon_arc_col orfastn the.pLesantos RWERLLRR Prowvi ggs yarn
that is col o?’?é‘t uﬁfl b2 P@g&%e p?esence of copper conpounds. The

$YS 60 thout t
| arger the DEeighf RF ttﬁ‘g %xm%anfh‘te'col or has changed, i.e., the less
colorR8st the color. Exceptionally |large color changes indicate
unaccept abl eTher poscmrc ©ff otaBs hosthegeinesel &lcAIRNEaL B oRPIHEE t he
fiber is expasedct&® Wdnm ght. grmgs heinslienéhgtofvi th the present invention is
that the elimnation of copper conpounds as stabilizers permts truer
pi gnent co- 40 Ioggtigg fQry certain pigments. For exanple, as shown in
TABLE 4, the pregenge of copper effects perylene red' s color before as well
as af 28 |ight eRFO¥LTRS 'fl—atfl%oguch pi gments, yarns with copper are greener,
bl uer, and have RéWerfemiidifa t@Ran t hose without. 45 THI S SHEET HAS BEEN
REPLACED WO 98h5066ORSMERIS/ B2419n xximdeArPEE 8%pi nni ng Ef fi ci ency
Exanpl e 6A- | nveniiifBube M herebfpel pheotimdi forgdnit ¢ Amprganic
6,6 -tetral kyl Pi Reribdhfes using terephthalic acid as the chain regulator is
mel t lored a light gray. The light gray color is achieved using a
concentrate to_provide Q.3% Ry ight Ti02, Q1% ! . carbon
bl ack and®0. 6‘06%—;6? 1%33/1]\?05?5%0 c%%lpoenr-g %t%hgg})%g;%%% %Exgﬁgbgﬁm fiber. 10
The spinning efficiency is 97.6% Exanple 6B-Conparative anpl e is
fol | oned exceppotiramnidry lhostepphprerodiiichedy PBLGR &KPPPETRsPE %‘“n‘g’flzt e
nmodi fi ed nyl am 6heGoppsaincet alfi htzbeasts amlespondden] diprabopyhaf ndCet fi ci ency
i s 95.52% ThenRkgsesdulAeNhhanat Npsste snephbndaedifiveirédégef opmpdugi  gr ay
sol ution- dye%fvi.ggrgh%y O?ﬁagra,z. 4% O her colors may yield diffe- 20 rent
results. 25 3594 5f SHEET F' RELAC- WD 98/ 50610PCT/ EP98/ 02411 23
VWHAT IS CLAI MED | S: 1. A process for making stabilized solution-dyed
fiber conpri- 5sing: nelting ?_-{-?qugarpﬁlq:{yni ch is am de nononers
pol ynmeri zed in the presence of  at ast 'one nono or dicarboxylic acid chain
regul gfgor and at | east one hindere i peridi ne compound ha- 10ving the
formula: R7,R8 Rl1,R2 NH R5, R3, R4 ere RI, R2, R3 and R4 are not
hydr ogen, but any al kyIH havi ng Ngjto 20 carbon atoms, and R5, R6;—R#
and R8 may be al kyl substituents sucfi as those present .in R1-R4 or hydro-
gen; 25 coloring the nelted po de with a colorant selected fromthe
group consisting of: pigments phghgarR3MRY pure iron oxide pigments;
30dyesgs m xtures thereof; and '
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p| nni ng the coI or ed poI yam de |nto ftbers that have abcmt 40% or better
ret'ained.tenacity after 2125 kJ exposure to xe- 35non arc radiation as per
AATCC Test Method 16-1993, "Color- fastness to Light," Option E and no nore
t han about widegsmeanconpl exed copper._2. The process_of_cl ai rﬁq’%ﬁ?&r"g 1A at

| east one hindered 40pi peridi ne der @Uative i's selected fromthe gr oup

consi sttng 0;2 gﬂ < 32 33 End'rd elrcamBhyl @ oer diow; any alkyl group

4- (am noal ky P&k nea.nd R5, R6, R7 and R8 are
454- (am noar ‘I”? rame‘{%q%ln ﬁl

er| -
4- (ami noar ylﬁhkkﬂll%“bftztﬁeétst%‘t‘fta F’fi'?fjﬁl pg dent in R1-R4 or hydro
3-ani no- 2, 2' gén'andt ranet hyl pi peridine; TH S sHEEr | REPLACLT: 1-:2 7 WO
98/ 50650PCT/ EP98/ 02411 24 _
3- (am noal kyl ) -2 ZnQIQ,mlgeetcroaaehhyl@iﬁ;ﬁﬁsﬁﬁdﬂ&hroughout said host poly-
3-(am noaryl)-2, 2 i -tetramet hyl pi peri d| ne;
3- (am noaryl / al k -t et t i i-dh Be; lexed cop-
2 1f§>%1 6)& 18 Lang a%%(.tt, %;Beppm uncomp D

',6,6'-tetra |necarbx iC aci

,6 61- tetran@?ﬁyl 4- plperldlnealkylcarbOxyIZc aci d;

, 806" -tetranet hyl-4-pi peridi nearyl carboxylic_acid,

, 6, 6171 ethanetibym -of- pilpémi td rezeany &Iayricat\b@)%ytqr@%ﬁsd are at
6, 6' -t et LagEt e T fiapoildicpesatidronyddsc aci d;

6

: , 6" -tetranmet hyl- 3- pi per 1di nealkyl carboxylic acid; 2,2
-tetramet 1-3-pip inear yl I clgggg, 2hing red
L Pﬁgﬁ SRS tngaly| GaLalby | offdith inde

2,2 ,6,6%8tef erldlnea /ar b I Ci
proce§-§ of cPaPﬁFIdW*%rdéﬁrﬁ a5iyechi eSS TRt %g{nl gﬁ% 41%0‘% e |l§§rlgoxyl ic

acid chain redgul ator is selected fromthe group consisting of

20t erephthalic acid; adipic acid; acetic acid; propionic acid; benzoic

aci d; 25i sopht halj_gnagbds, 5€Rd ¢ tatirdne bapt higedidiee?, 6- di car boxyl i c aci d;
and COITbI nati ons thea eggalﬁplﬂ.z 'Ehe spgocegsrgﬁetg{yalpﬁ‘par\thehel; n the hi ndered
pi peridi ne deri V%’[I ve.l S _4- e 32 68 rﬁ‘é&@ﬁ%t l-iRipeki dine. 5. The

proce® of clai m*f (RSP hy e h| p perl present at
about 0.05 to abdut(aRipogpy q %f’ gth ra’?n g"ﬁ%ﬁ%ﬁg Jt‘)éocess of
claim1 wherein t%@m@&r?vhg:ﬁnﬁﬂ?@%a&%hgh}b’ﬁ%ﬁh &’y E-caprol actam
nmononer s and t he polagdrbdekys) €2 raodisf, bed tayr orety@lipesidingi 7. The process
of claim 2 whereiyl thgnshayi) 1, M) Grets tasee shigtiipririigling ; capr ol act am
monomeys and the yol%nggg { PaBeyldif, IzedsnwOtte@:aa@tm@;péhamahe process
of claim1 vvhere||%n sal (;Otoé' nrgef_ti%é %I]f 1ficogrife group
& afgrppretra gﬁ:

t f P / 1 25
ng anen?eg per A e 6rt'ér obAETARL Ty L Boﬁtlpfr eal q]c g&ﬁzg ng&l

ferrite tan; and 2ui¢t.6n6S-taerans thyili 1 @aEﬁrb‘FI'Fe‘?a%’rl%rpﬁxb'll gra%]r an| c or
i norganic col orarg, 2 ,$. 6Thee pravesy loft -olaeni dingadkkei i arHe CRTBEXEL LT e
substaggial ly freg.sfqd;0m copper conpounds. 10 10. The process of claim1l

wherein said spinpingd g atet@a@a@aa@tpqpaafwﬁee&frfuoeww abaa; spi nni ng
sol ution-dyed fi bers f6r Q_p &eyl""*} Qﬁ@l&‘%eé)ﬂi}w&rr’bé@c@lhﬁ i ;
c.a

presence of a morfo or’ 8diPcar %oxgrf\gl aln I one
15hi nder ed pi periditie §ePi v‘a‘?t’%}g" r?eoljatrg} vmrt%%q Tecsiértﬂzé

colorants. 11. Amendproved process for spi nni ng sol ution-dyed nylon, fibers
conprisgng: 20 cot@ireg6a- matmnewlyam-@epemgwew%{rﬁrdé‘%b“ﬂlc

e- caprol act am pol yoeid zed in the presence of at |east one nono or

di carboxylic acid chain regulator and at Ieast one hi ndered piperidine
derivati ve havi n H2N r R8s R4 mpasher e
Rl, R2, R anth %%’Fé ﬁgtn}hl 1?85“"% bt an (%% i N@g@@a?@ PG W d © about
20 carbon at o, dl&@ébRBYlR% a a—‘ﬁ’t‘}l% ﬁﬂ’;’i ‘eoralll? I ed S |tuents such as

t hose mesentgrduﬂ?bomletlhg'onﬁ)gen and 40spi nni ng the col ored pol yam de
into fibers that have about 40% or better retained tenacity after 500 hours
exposure to xenon &t H’qu(qufcl gri@s per AATCC Test Methed—316—1993——
"Col orf ast ness to (k tlon E wherein said spinning is at least 0.5 %
nore efficient thd ép‘i’ r?m ng sol ution-dyed fibers 45colored with the sanme
colorant from a pdf§eti #€ifi ch is not polynerized in the presence of said
at | eas$ one nonopoepicFHIcSaSHEET HAS BELN REPLACEDI | S

VMB98/ 50610PCT/ EP9&h £241 hc2@; di carboxylic acid chain regulator and said at

| east one hi nder egs@bm{dlqlcngcg@rl vative. 12. The process of claim 11
wherein said coloring is acconplished 5Susing a col orant[Sgl.egi€d ‘wa
group consisting of: perylene red peryl ene nmaroon; up tjo boug pilaE0 1 1 or
oxi de red; 10zinc ferrite tan; and m xtures t her eof wi tlh—ether—ot gani-c—or
i norgani c col orants. 13. The process of claim 11 wherein the hindered
pi peri di ne den- 15vat|ve corrpound |s 4 am no- 2 2 6 6 -tetramet hyI




”"'27 V\/nere Rl R2 R3 and R4 are not hydrogen but any aI kyI group haV| ng up
to about 20 car bon atons, and R5, R6, -R7 and R8 are -alkyl substituents such”

as those present in RL-R4 or hydro- gen; and 5 a non-white col orant

di sper sed \R'B@?H&Hi@m said host poly- mer; said fiber havi ngPCEEP8/bmt about .

10 ppm unconp
am de nononers are at | east sone e- % prol actam NDNOMET S. 18. The fi ber
of claim17 whersshecicc Re4dt one hindered 15pi peridine derivative is '
sel ected from t heoriows ioomasthadaed -of :

4- ami no-2 2' pife & ivleet bANEL 4w pispehéedeire;the hindered piperidine deriva-

4- (am noal ky, 18afindef FANRL BYL pé iR, piperidine.
204- ( noar‘ly%ezf% & m-tet ranet hyl pi peri di ne;

g: g?ﬁmno?ar )2/I 41%1 é'{%%eétngnﬁ}ﬁw ﬁggé%}”&éa?ﬁhqhggd piperidine deriva-

3-(am noal kyt)ve ix pgesentedt é\?@&lﬁypp??)err‘? @byt 2.0% by weight of the
3- (am noar ylpo;adiifet’ -t et r amet hyl pi peri di ne;

253- (am noaryl [al kyl)-2,2",6,6"-tetranet hyl pi peri di ne;

2,2, go 22 K AMBHL o8- Ew?xﬂ'l(tl%@@ébﬁ’xydlld: clo@ant is selected from
2,2 ’tet ranet hY1- %ngwgmgd Jieal kyl carbOxylic acid;

2,2',6,6' -tef?%r?eﬁ%fl pi peridi nearyl carboxylic acid;

2,2',6,6' -tetranmet hYl-4-pi peridi nealkyl/aryl carbOxylic 30acid;
2,2',6, 6" -tetranpehylier® Feseri di necar bOxylic acid;

2,2',6, 6" -tetranpéhylerd piggertdlneal kyl carboxylic acid; 2,2,

6,6' -ggtramet hYlgg- £ pers & neanybciaddaegd;i c aci d; and

352,2",6,6" -tetr \A%hygn?ﬂemtggrlgwealkyl [arylcarbOxylic acids. 19. The

fiber of claim1l erein,sal ULRLeF &5 WA tHDBenBE &igaiikoXy i C
acid chain regul REPFUTSS emt ed ?{r e 40group consisting of:

terephthalic aC|anOEE?%ﬁ%Cgi?%Fne%xn|c aci d; 45propionic acid; benzoic
acid; isophthalic acid; [ THHS SHEEI HAS BEEN REPLACED
WO 98&50610PCT/EP98/02411 28 - - sebacic acid; conbinations thereof. 20.
The fiber of claim 18 wherein the hindered piperidine derivative is
4-amno-2,2',6,6"'-tetranmethyl piperidine. 5 21. The fiber of claim 16
wherein the hindered piperidine derivative is present at about 0.05 to

exed cop- per. 10 7. The fiber of claim 16 wherein said

about 2.0% by wei ght of the polyam de. 10 22. The fiber of claim 16 wherein

said colorant is selected fromthe group consisting of: perylene red
peryl @% maroon; 15up to 1.5 %iron oxide red; zinc ferrite tan; and
m xtures thereof with each other or with other organic or inorganic
colorants. 20 25 30 35 40 45 1 TH S SHEF. T HAS BEEN REPLACED
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