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20  Yarn and filament are generally produced by melt spinning, in processes such as are
disclosed and described in U.S. 5,106,946. Melt spinning operations subjeci the resin 1o
severe stress through application of high shear at high temperatures, and good thermal
stability is therefore critically important to attaining good fiber properties. In addition,
many fiber processes subject the fiber to-drawing operations at elevated temperatures to

25  develop crystallinity in the fiber, and such proéessing steps may expose the yarn to dry

| heat for extended periods. Finally, filament and yarn for use in many industrial fiber
applications such as drier felts and the like must be capable of withstanding extended
exposure to elevated temperaiur_e environments. '

The art of stabilizing resins against deterioration through e_xpoSure. to thermal oxidative
30 environments is well developed. Numerous additives have been proposed for improving
the thermal oxidative resistance of polyamides, both during processing and while in use.
For example, the shon-term thermal stability needéd for most processing may be realized
by employing.polyamide formulations comprising hindered phenolic antioxidants such as
di-tertiary butyl cresol and derivatives. It also is important for industrial yarn applications
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' -and thus will have far higher exposure to thermal oxidative attack than encountered in the

production of molded articles, extruded profile goods, laminates or the like. Inasmuch as

20  quite high processing temperatures are nccessai'y to melt-spin filaments from high

temperature polyphthalamides, these effects will be exacerbated. In addition, some

stabilizers form gaseous products that may cause flaws and weaken the filament. For

example, copper compounds are known to be particularly active as polymér

decarboxylating agents and, during melt extrusion and in melt-spinning operations, can

25  cause substantial bubble formation. Though such bubbles are extremely small in size and

‘ would go unnoticed in molded articles, filaments generally have a very small cross-

section, frequently on the order of the size of the bubbles, and the presence of the bubbles

then becomes of great significance, forming flaws that weaken the individual filaments

and cause filament breakage. '

30  The ar thus continues to lack stabilizers for polyphthalamides and other high temperature
polyamides that provide 'adcquate thermal stability for melt spinning filaments, and high
temperature polyémide filaments with good thermal oxidative stability and ability to resist
degradation when subjected to elevated temperature environments are generally
unavailable. |
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Particularly suitable are the high temperature polyphthalamides and aromatic-aliphatic

e

copolymer analogs thereof, frequently termed aromatic nylons, that require high
processing temperatures and are thus difficult to melt process without deterioration.
Particularly preferred as aromatic nylons are the ‘crystalline or semi-crystalline high

20  temperature copolyamides comprising terephthalamldes of aliphatic diamines and at least
one additional diamide of an aliphatic diamine. The ahphanc diamine component of the
copolyamide may be one or more acyclic or cycloaliphatic C;-C,, aliphatic diamines such
as hexamethylene diamine or the like, including such diamines having one or more C|-C4
alkyl substituents attached to the hydrocarbon portion thereof. The diamide component

25 forming the units of additional diamide will be selected from aromatic diamides such as an
isophthalamide, a naphthalene dicarboxylic acid diamide or the like, and C4-Cy4 acyclic or
cycloaliphatic carboxylic diamides such as adipamide, sebacamide, cyclohexane
dicarboxylic acid diamide or the like. The well-known, melt-processable thermoplastic
polyamides such as the aliphatic polyamides commonly termed nylons, including

30 polycaproamide or nylon 6, polyhexamethylene adipamide or nylon 6,6 and the like, may
also be stabilized according to the invention.

Although the molecular weight of the polyamide is not particularly important to the
stabilization, for the phrposes of fiber and filament use generally, fiber grade polyamides
will be best suited for the purposes of this invention. Such resins. may be further
35  described as having inherent viscosities greater than about 0.7, preferably greater than
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0.7, prefepgbl ¥ gysagband 413310108, 5,1 12,685 and 4, 163,101 and in European Patent Application
309,095; the teachings of these patents and applications are hereby incorporated herein by

reference.

The copper-containing stabilizers useful in the practice of the invention may be further -
characterized as comprising a copper compound soluble in the polyamide and an alkali

25 metal halide. More particularly, the stabilizer will consist essentially of a copper (I) salt,
-for example cuprous acetate, cuprous stearate, a cuprous organic complex compound
such as copper acetylacetonate, a cuprous halide or the like, and an alkali metal halide.
Preferably, the stabilizer will consist essentially of a copper halide selected from copper
iodide and copper bromide and the alkali metal halide will preferably be selected from the

30 iodides and brorhidcs of lithium, sodiu_m and potassium. The formulations comprising
copper (I) halide, an alkali metal halide and a phosphorus compound have also been
employed to improve the stability of injection-molded, filled polyphthalamide plaques
during extended storage at temperatures up to about 140° C, as disclosed in U.S.
4,937,276.
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the like may be useful as synergists. However, most polyolefins have limited
compatibility with'polyainides and do not disperse readily, and thus may adversely affect
filament properties, Functionalized polyolefins such as the carboxyl-modified polyolefins

20 obtained, for example, by grafting a polyolefin with a suitable carboxylic compound such
as acrylic or methaérylic acid, a carboxylic acid anhydride such as maleic acid, an acid
amide such as acrylamide or the like in the presence of a peroxide compound are generally
more compatible with polyamides, dispersing readily and forming stable blends having
excellent properties. Such functionalized polyolefins are therefore: preferred synergists

25 for use with copper stabilizing compounds for stabilizing polyamide filaments in the
practice of this invention.

The functionalized polyolefin synergists may comprise as little as 0.01 wt% carboxyl
functionality, more preferably from about 0.1 to as great as 5 wt% or greater carboxyl
functionality. The molecular weight of the modified polyolefin does not appear to be
30 particularly.critical in synergizing the stabilizing action; the funictionalized polyolefins that
may be useful include those having a melt index in the range of about 0.5 to about 200
g/10 min. Suitable polyolefins are well known and widely available to thc'tradc from
commercial sources, including the maleated polypropylenes and ethylene-propylene
copolymers supplied as Hercoprime G from Himont Corporation, the Exxelor PO series
35 of additives from Exxon Chemical Company, as well ‘as the acrylic acid-grafted
polypropylenes and maleated polyethylenes and polypropylenes sold under the Polybond
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The present invention is described further in connection with the following examples, it

being understood that the same are for purposes of illustration and not limitation.
XAMPLE
20 The following materials and formulations are employed in the Examples.

Polyphthalamide I:  Hexamethylene terephthalamide-adipamide-isophthalamide
terpolymer, mole ratio 65/10/25, inherent viscosity of 0.95 dl/g determined at 30 °Cina
60/40 phenol/TCE mixture at-a concentration of 0.4 g/dl, obtained as Amodel® 1001
polyphthalamide resin from Amoco Performance Products, Inc. '

.25 i olyolefins:

Thc modified polyolcﬁns employed in thc examples and their description, according to the
technical information supplied by the vendor, include:
Primacor 1410 XT: Acrylic acid-modified polyethylene, obtained from Dow
Chemical Company, 9.5% functionality, 1.5 melt index.
30 Surlyn 9920: Methacrylic acid-modified polyethylene, obtained from the DuPont
Company, low functionality, 5.5 melt index.



15 pur poses are pol yol efins. Polyolefins such as pol yet hyl ene and

pol ypropyl ene, as well as ethyl ene-propyl ene copol yners and al pha-ol efin
terpolymers with di ene conononers or the |like may be useful as synergists.
However, nost polyolefins have limted conpatibility with pol yam des and do
not disperse readily, and thus may adversely affect filanent properties,

Functional i zed p%@ﬁ&igmg.su I Lokl |
obt ai ned, for exaérgpve, Dy ?r%%lﬁgagﬂgéﬁgo'ﬁ@?‘%d W?ﬁi‘gﬁgﬁﬁ%ﬁﬁ%&%gﬁégg%ﬂ c
conpound such as RANY cCeo | Tnfuperionality; 3-64pelbindex.car boxyl i ¢ aci d anhydri de
such as ma:c eic acg'g_ggmei d amnilele asmghriaalni&szﬁ&é@rﬂmoisolylgtler,l b&Qihd'eﬁ trb@
presence of a .perxi de, 2onpoun e _general | re conpatible wt
" pol yam des, dispe ré‘lrc’r?’gal ¢%§gﬂy§/qg’ﬁﬁé"?g’f’ﬂﬁ%gog’gﬁ@%’f'end‘s havi ng excel | ent.
properties.d Such KratontFGIHXzed poMptdieaihydride-modified SEBSDlptkaralymerpbrained
synergists 25  fim $h&l ChédicaICCRBpang! G2 tehétbagitypounds for stabilizing
pol yam de filanments in the practice of- this invention.. The functionalized
pol yol ef i n synergi sts nay conprise as y tﬁ e as 0.01 wt % car boxyl
functionality, nore preferably from abo as great as 5 wt % or
greater carboxyl functionality. The nol ecul ar weight of the nodified
pol yol ef i n doedengile wpipegipf filmpad3dber wag cdrvied aut peeording galstandargdy ASTYI 2dshg
the stabilizi ngrgredief); the functionalized polyolefins that may be usef ul
i nclude those having a nelt index in the range of about 0.5 to about 200
g/ 10 mn. i table pol fi | | n i d ilable to th
trade f romﬁ(s:lon{%rg‘regf a ?dggttr?_'ggél?o“ﬁﬁgF%\%?ﬂﬁg(%%\g%ﬁ%Fg%%f%ocfs?/}l)}ﬁ[)m?/'?’ gﬁgrgp lz%%‘?
et hyl ene- pr opy fenpsepasivg Itheesis fempiations and maltispwpyarnsaccridingtorhepractice of this
Company. a6 el e e e A YA ed M fiEs
Y, i i d- y
ol vt byl anes BIREEEH DI rou Y SR oh e PR pRRAe yarand Eey Th
Pol yners, | nc. spédimeas of lcaintrearcidl fosas psadysst borirte svepdb pedpaceal endiredeed tding

Surlyn 1abgs T so8RatiEnPtedne GROBRARY 2R ChrldhBHs BRIoTBREdh idxal R ABYortHAE 7S

the invention; the test results may vary from published data for commercial materials
processed in different equipment under other processing conditions.

Examples 1-10. The formulations are summarized in Table I. Dry blends of
Polyphthalamide I together with the indicated amounts of copper iodide/potassium iodide

20 stabilizer and Royaltuf 465 maleic anhydride-EPDM synergist were exirusion

' compounded and melt-spun using a 1 inch, single-screw extruder fitted with a medium
compression ratio screw and a four-hole die with 2.8 mm diameter holes. The extruder
zone temperatures during the extrusion ranged generally from 300° to about 325° C, with
a melt temperature of about 325° C and a die temperature of 310° C. The throughput was

25 54 cc/min. The four filaments were-drawn in three stageS using air oven temperatures of
360°F, 410° F and 460° F, giving a draw ratio of 4.08. The final filament diameters
‘were about 0.6 mm. | ' '

Control Examples A-F. Filaments comprising formulations omitting one or more of the
stabilizer or synergist components were similarly prepared and tested to provide controls
30 for comparison purposes. ' '

Thermal stabilities of the filaments of Examples 1-10 and Control Examplés A-F were
determined by tensile testing of fiber samples after aging in an air oven at 350° F for
periods of from 1 to 28 days. The compositions and test data are summarized in Table I.



Primacor .1 abel, and the mal eated stryrene-butadi ene and SEBS bl ock

copol yners obtainabl e under the Kraton |abel from Shell Chem cal Conpany.
The amount of 5 car boxyl - nodi fi ed pol yolefin additive enpl oyed will be a
gquantity sufficient to synergistically enhance the stabilizing activity of
t he copper-contai ning stabil i‘zer Genered |y the synergist will conprise

f{plml about 1 t? abg:ﬂ f20 Phidle LP3SPE m.;.w, npHifgt 15 \t/vt% and
sti nore preferably frg a- “ahol b 0 QTposi ti on
based on conbi ned wergHIHAINE v-“‘mi;""v" G NN e "!’L' bl bwer 10

| evel s are ge&e&ﬁ—kya—aﬂeeH%W%ke—aH—em#s—&be*e—&be%—%@—%%—bhe

ef fect does not further inprove, .and th&igalded pol y%rreﬁacﬁtytreaided,ﬂaysaffect
overal | physi cal & r opekROM s CupaKdliCaul arll y midul us; The invented

conposi tions Y- Moso Ma%f oppred teHeo gidbers f | im 2heeds dr otherlf o121
using any of acyaki gty @ progessgs anggnet heds ggel bykngyn gnd wi del y
practiced in the 15 fabrlcatln(lg arts, _e.g._nelt spinning of fibers,
extrusi on of sk88¥sBor | ns; ®sed 2 mafBix matePials or binders for
conposite or | @htwmaCed <Xrud00resd The3.presanmt |nven0| on is described
further in con Qn Wi h t f Iovm g exanpl bei ng under st ood t hat
the sanme are fg‘?ﬁ&pu’?pos& of36|6I I 3stratf]on and @ tatlon EXAMPLES 20
The fol | owing f@rErEal s tand 5PBrmifPatiohs are enﬁﬂpby'w in the Exanpl es.

Pol ypht hal am d@ohir. FHexaget hyt)eneot er epht haBem dg adaparn de-i sopht hal am de
terpolynmer, nole ratio /1 heregt Vi,§COS{,tY dl /g determ ned
at 30 [err]Cin al 60/ 40 pheﬂ&ﬁ/ Téa gre g@ ngonég. gﬁdtl(s)n of 0.4 g/dl, -
obt ai ned as Anode e 1005 pol2§fht Ih@IGam 33 redbn 19rlori0&n08:fb P f 49 mamte .
Products, Inc. 2% Mdidi eQ9l?oI yo! efifg: The magi flijgd gl Wl efyhns «enpl oyed

in the exanpl es d theis de ion, according to th I
I nformatj on suppl“lned by {he 43@ ﬁ | n%“ ude3 ?Prﬁ#ac'df‘ iﬁé &T %? ;\%rqu C
aci d-nodi fi ed polSet hyl E(he ldbt al ‘Ptdd f3.@am D3& CvOm 64l SHnBdny+*+*9. 5%

;g.nﬁt Lrggﬂ : te)é péifetnﬁlylt ene, o ta| ned fécilrjnrlt%e Du%%0 gft h:z?rglg o
8 10 498 8.4 .3 33 98 98 9 92 59 =
9 S 269 37 32 31 96 102 77 29 ==
10 __ 10 301 49. 27 32 95 9% 8 74 0
Notes: *= severe bubble formation - ﬁlament§ could not be extruded without breaking;
5 **= (0% retention at 17 days; ***=0% retention at 10 days. |

It will be apparent from these data that copper stabilizers alone are ineffective in stabilizing
polyphthalamides during melt extrusion. Formulations with low levels of Cu (Controls B
and C) are less stable than the neat resin (Control A), undergoing nearly complete loss in
tenacity within 2 days. Severe bubble formation and brittleness occurs at levels above

10 100 ppm Cu (Conirol D and Control E). Compositions with EPDM alone (Control F)
also undergo unacceptable degradation, retaining only about 20% of the tenacuy in two
days of aging.

The combination of the copper stabilizer and the polyolefin synergist affords substantial
improvement in thermal stability over the controls, as shown by the data for Examples 1-
15 10. The mechanical properties of the filament may be significantly affected by the
presence of the stabilizer formulation. See the tensile data for Examples 5-9, and for the
neat filament, Comparative Example A. Generally it will be desirable to employ only the

v



‘Conpany, |ow functionality, 5.5 nelt index. Pol ybond 3009: Mal ei ¢
anhydri de-nodi fified polyethyl ene, obtain fromthe BP Conpany, ca. 1%

“functionality, 3-6 nelt index. Royaltuf 465: Mal ei ¢ anhydri de-nodi fi ed
EPDM pol yner, obtained from Uniroyal Conpany, 1% functionality, |ow nelt
I ndex. 5 Kraton FG 1901X: Mal eigc anhydri de- nodi fi ed SEBS bl ock

ol ymer obtained. from Shell Chem cal Conpan ca % functional ity. .Test
Ilgr o%:ledur es Terfdiquat ?f(e)séatbﬁﬁﬁr ﬂp_sﬁpfrﬁishﬁfc?s%e[? %\RE? %55?5?"8‘3 gfﬂfc (gk?:s a(?fléf‘ﬂ%r o
st andar d ASTM dréetio primaéatuhesffect On medlemicabpropeitesnfind fyaergist leyels heJo®eaboy|18s
are represent a\LEgé’G/il?fhuE@Eﬁféﬁkﬁtfoﬁmin)bgse@”pl oyed for preparing the resin

mel t |

formul ati ons an spuh yarns according to the practice of this

i nvention. The processes wll be genefal rec i.zed . th skil.led i,n
the art as pr &%&%&Aﬁ!ﬁa&%tM&%b@aﬁ&@m‘{;@@@&@&‘f@‘%h@%ﬁ%@ihmﬁ‘g{ﬁ’
yarn and fi8 angheholicTiiabikipe@bratues asflrgaooxt028 fbmrGiba GizigysGempanycwastmell spuner e
prepared and t - 1S i LA £4
condi tions enpﬁ%gétgﬁl#%rfgﬁ %%élgfgﬁg{bgs ac%:(a;ér )i\/aﬁﬁ ?SOF'? e TP%\%SEF ?lgsﬁl%ﬁnet l!tadsat
results may vaegacity offSuadenisrand aaclongdion A8k c The filamest vas a8 rfe‘i%‘g% € n
different equi ﬁmrdsr&arneatim@&amgm QsH), Rivinp 88 tiérabity rdwaion|afer 2 digs, 60%e
formul ati ons are ﬁlﬁgmar Z%e%t i nga In%(fy grly9 ctﬂjx gnds- of Pol ypht hal am de |
together with PIFE i Qﬁé LB 17 & f)per ¥ odi de/ pot assi um i odi de 20
stabilizer and Royal tuf 465 mal ei c anhydri de- EPDM synergi st, were extrusion
conpounded GandCentrel Example i rfydey 'Q.ICP(FIQKP‘T-I?IIW Rolyphtkdlareide hawee aniliY-of O3 h
a nmedi um Conpr @ASidAD.5 % hirderRVphendlicastitilizer Bblated a@Irghdox 1098 o diba GRig
hol es. The extruder zone tenperatures duri n?l t he. eétru%i;op r({a&g(ﬁg QERSRA Y
from 300[ err] FRMBHWUYSIDE] spUMYEIng 4 SRS SHIEP, MYRLINGR PEFHACE P XEA Gt
325[err] C and doublesfligbulmeriertsores kafvirgl:0] loDr fatp of BRartexrodayispuremperatures of 330°
C and 340° C. The exit was fitted with a mesh screen pack and a spin pack including a
15  144-hole spinnarette. The fiber was continuousty drawn in two stages at 150° C and a

draw ratio of 3.5/1, to give a 70 filament 830 denier stabilized polyphthalamide yam.

Control Example I. The procédures of Coritrol G were substantially followed to provide
an unstabilized yarn from the same 0.83 LV. polyphthalamide, for comparison purposes.

" The yarns were exposed to dry heat at 160° C (320°F) in a circulating air oven. Samples

20  were removed periodically for tenacity testing. The stabilized yarn of Control Example G

retained 100% tenacity after 20 hours, 89% after 50 hours, and 60% after 120 hours at

320°F. The unstabilized yam of Control Example H retained only 84% tenacity after 20
hours, 28% after 50 hours and 0% after 120 hours at 320°F.

It will be apparent that the formulations comprising a copper stabilizer and a polyolefin

25 synergist are significantly more effective in improving the dry he_tat stability of
polyphthalamide filament and yarn than the hindered phenolic-stabilizers heretofore
employed in the.art for the purpose.

Examples 11-15. Additional formulations comprising the polyamide, stabilizer and
synergist were melt spun as before. The air gap distance was 12 inches, and the oven

30 temperatures and godet speeds were: godet 1 — 32 ft/min.; lstoven — 360° F; godc.t 2
— 122 fymin; 2nd oven — 410° F; godet 3 — 130 ft/min; 3rd oven — 460° F; and
godet 4 — 112 ft/min.



25 54 cc/min. The four filanments were drawn in three stages using air
oven tenperatures of 360[err]F, 410[err] F and 460[err]F, giving a draw
ratio of 4.08. The final filanent dianmeters were gbout 0.6 mm Control
Exanpl es A-F. Filanments conprising fornulations omitting one or nore of the
stabilizer or synergist conponents were sonilarly prepared and tested to
provi de .controls 30 for conparison purposes. Thernmal stabilities of the
filaments of EXhersiselts are synmaczedimTalie IExanpl es A-F were deternined by
tensile testing of fiber sanples after aging in an air oven at 350[err]F
for periods of froml to 28 days The conpositions and test data are
sumarized in Table e 1.0

Synergi st Initial wi I 10 h-Stabilizer at $00ppdy Cul 3 Syners
E Ex. No. % ppm ratio giden % 1 2 4 7 14 21 28 Contr .

A 0 0 0 4.6 25 40 24 .0 O c%%naaﬁy,mqed dapd 10
3.7 28 - E,Q Contr. C 0 100 i@l T —o—Comtr: D
0O 300 10 Nor¥ Qnot  ryg ¢n- E4 07 5@9 19 17 *21
(not run) Contr—p——BYICtEIS C@d S A1 5~

110 8,9 2 811 3BraweFGlg8lXes 7§ 240 590 286 1656 593, 35 .38 9
108 85 79 4912 *Ropalufd465 5 2975 182 -3.182 3%3 9% 119 88 9@ 41

4 5 4831lpdmacatiioxt 193 13%102 972 &5 2% B 43 x4
: 14 - Polybond 3009 38 34 8 8 63 74 55 43
15 Surlyn 9920 3.8 3.2 103 101 91 78 59 59

Notes: 1. For synergist describtions, see modified polyolefins listed above.

It will be apparent that modified polyethylene, Examples 13, 14 and 15, and modified

SEBS copolymer, Example 11, are also effective synergists, and are generally more

effective than the modified EPDM employed in the stabilized formulations of Examples 1-
10 10 and 12.

Addition of the syr{ergist was also effective to improve the green swrength or melt integrity
of the filaments during extrusion. For formulations without synergist the first godet
speed could not be reduced below about 40 ft/min, while the above formulations were '
able to be processed using a first godet speed of 32 ft/min. This is particularly surprising

15 in view of the effect of synergist on tensile properties noted for Examples 5-9. Slub
formation was also reduced, with the modified SEBS found to be substantially mere
effective in reducing siubs and prov1d1ng a smooth filament than the modified olefins and
modified EPDM.

‘The invention will thus be seen to be-a stabilized yarn or filament comprising a

20 polyamide, a copper-containing stabilizer and a synergist. More particularly, the
invention is a stabilized polyamide filament or yarn comprising a polyphthalamide, a
copper-containing stabilizer composition and a modified polyolefin synergist, and a
.composition for use in Stabilizin-g polyphthalamide filament comprising a copper-
containing stabilizer and a functionalized polyolefin synergist.

25  Although the invention has been described and illustrated by way of specific embodiments
set forth herein, still further modifications and variations will be readily apparent to those



5 10 112 9.4 3.2 34 79 65 53 35 *** 6 10 302

9.5 3.1 33 84 96 80 67 37 at 7 10 327 10.5 3.1 37
90 98 83 .79 0 8 10 498 8.4 3 33 98 98 90 92 59
** 9 5 269 3.7 3.2 31 96102 77 29 *** 10 .10 301
4.9 2.7 32 95. 96 83 74 0O Notesl *= severe bubble formation -~
filaments could not be extruded w thout breaking, 5 | **= 0%

_retention at 1skilled dn the resimégrpudating; and gemw"egfyer.lcqttnzm-| Fog expmRlee melt

fromthese datedhlin SFARAEImS partichld e fifim ahiomied docuse e tHecfotm v slitfilm as staple

tabilizi ht hal am d i | trusiopn, .F i \pi |
Tevel s of | u” (ESTIRPaREE JAR &% of SolEn lexGlt g 1B AR, 1S S0 nHAg o he' s
(Control A), ucehsidgaitiogs asabe inplt spinping pEfilageat i including thermyal @egradation aadlpss of

Severe bubkfe j i i i iAQGchopm
o Coan UDIE © LRI hRfbef BELEIE f&ﬁdaﬁgciﬁt%iﬁ% gﬁg@.ﬁﬁ&y@kma&w find use iAQchOP

- CC .. Conpo t M “al one ntrol F).also .
under go unaccefRPASREOY cHfieagiatd ?fhgi])%'e ¥3nauegs @?Aq?%gf\iﬂi‘ﬂmﬁﬁ%agﬁo ?%ée'?péﬁg%?st y

in two days of lyagg withinTthe scepebofniat iroentdn, twitdcic oflp be selehbddfined byahelappeaded _
pol yol ef i n syn rgli‘ t affords substantial inprovenent in thermal stability
over the control's, as shown by the data for Exanples 1- 15 10. The
mechani cal properties of the filanment may be significantly affected by the
presence of the stabilizer fornulation. See the tensile data for Exanples
5-9, and for the neat filanent, Conparative Exanple A GCenerally it wll be
desirable to enploy only the 9 anount of stabilizer and synergi st
necessary to obtain the desired degree of stabilization in order to

m ni m ze the affect on nechanical properties, and synergist |evels below .
about 10 wt% w Il thus .be*preferred for many uses. Control Exanple G A dry
bl end of pellets of Polyphthal amde | and 0.58 wt % hi nder ed



‘5 phenolic stabilizer obtained as Irganox 1098 from C ba Cei gy Conpany

was nel t vl y follow ng the procedures of Exanples 1-10. The
resul ti nbmlmmwmﬂmngltenaci ty of 4.9 g/denier_and an el ongation of 28
% The fikanenttwas aged foll ow ng the pr ocedureg;sogﬁggfngﬂsigEngarrpl es
1-10, giving 88%tenacity retention aftefz2 days, Eﬁﬁg 4 days, 37%
after 7 days apnd. 0% after 9 days. 10 Cont r ol Lexampie—H—A-dry Ibl end of :
pel |l ets of PoI@lﬁ /g and 0.5 wt % hi nder ed

f®hal ani de having an 1.V. of 0.83 dI
phenolic stabilizer obtained as Irganox 1098 -from G ba Gei gy Conpany was
melt spun usinb a sArsgbilizedrpelyanide filaméntermpagiag F pelyplthglpmidesand: 2£0pper-| v

doubl e flight/barri i L) ik ' whérefthé HRfHenbifEludes
t enper at urés of- 330 gﬁ?ﬁ%ﬂgﬁﬁ!%ﬂ}%mgam#ﬁgdgegi;frr%p?%iéféneﬁ)t ?Eerg '.&tlh a nesh
screen pack and a s¥ilsesprneifuncrionalized golyolein as a syneygist fordhg %#é Blte. The
fiber was continuously drawn in two stages at 150 C and a draw ratio of
3.5/1, to @ ve2a 70Thé babitiztd dBamernofeClasmabwhieredal tirotogperentainink siabiliger

Control Exanple 1. a%%@éﬁg%ﬁ,ﬁ@ ﬁfﬁdg%mz{rpilka(ﬁdq@tglqmﬁugstantial ly foll owed

to provide an unst romthe same 0.83 I.V. pol yphthal am de,

for conparison_purposes.. The yvarns e e sed to,dry heat at.160][.er C
(320[err]F) in3a ciTE‘hf‘&?‘Pi‘Féj . F“"B‘\R\gfﬁla‘ghir%‘l?‘ﬁ?“?ﬁ‘d SXA%F%S&%W}E sat leaSE-Lne
pe{| odi galllc%(yf ;)r te_ﬂﬁxetibr)alize&fgtélygleﬁﬁhﬂestegﬁrdmzlud%o:dgoosls@;g gmgmm& k- G
ret aine ot enacj -S4 HalSred Akt &kd
120 hours at 320[er|‘)‘§l ftﬁ%fgé'uns tgﬁﬂl?egeigﬁ af?&’t’lgée'ControT&&nga _eptli-lfyret ained
only 84% tthacity afunsfomdizedrshyeneomopylencadienympapqme terRelYmss 41418 Presem iy s
at 320[err]F. It w hhnoli@ gPRémeNto hthsul 20het% Obased ahicoatbimsdnpeighi ofsynecgisiper
stabilizer and a pol gle'in synergi st _.a Lani fican nore effective
in inproving the dr IHBhQ‘E'alg‘P iaf“ilf%’%ﬁ’%‘iﬂ@ﬁ%ﬁﬁ%’lg&%@%&a{ynem and yarn
than the hindered phenolic stabilizers heretofore enployed in the ar %_for
the purpose. Efanpl @be stbilized AlamentopfaClain, hinhgrein said CORPITONHINIRG Stabilizer
8.0' %/am' de, st igi | Zﬁbmﬁéﬁtiﬁy?@ﬂixﬁﬁre\&r Gtaﬁstﬂufn ismu? afd comes (8§ iodideinai Kggap

i stance i nches, an oven - I [ @ e '
were: god\gfgl _ 32 Mejghtfato Yg?rog\/gl??“? %E?[g?rg)ﬁ 1@", %é&(;gteaﬁﬂ%ex_ggﬁﬁ?tj m e ond
oven - 410[err] F; godett aBa leval3d fifop atiout SGtockbowtel®00 ppEaoRPPI] F; and godet
4-112 ft/mn. =

5. A composition adapted for use in stabilizing polyphthalamide filament, said

composition comprising a mixture of potassium iodide and copper (I) iodide in a

K1/Cul weight ratio of from about 2.5 to about 10, and at least one functionalized

20 polyolefin selected from the group consisting of functionalized polyethylene,

functionalized polypropylene, functionalized SEBS polymer and functionalized
ethylene-propylene-diene monomer terpolymer. '

6. A method for stabiliiing a melt-spun polyphthalamide filament comprising
compounding with said polyphthalamide, prior to melt-spinning, a copper-
25 COntaihing stabilizer comprising a mixture of potassium iodide and copper (1)
. iodide in a KI/Cul weight ratio of from about 2.5 to about 10; and a synergist
comprising at least one functionalized polyolefin selected from the group
consisting of functionalized polyethylene, functionalized polypropylene,
functionalized SEBS polymer and functionalized ethylene-propylene-diene

30 - monomer terpolymer. '
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500 ppm €u lized Aefin Synergist 5 % Tenacity retained, days
Ex. ® Initial T No. Syner gi st | W %
g/ den 4 11 14 17 21 11 1Xraton FGL901X 7.5 4:0

gg gg gg 759  TROmethdd of Zlaimyhereinfa séfificient amount6f Said $taBilizer compofidion

53582 a9 v Sl ol i s Bppeeet o G
74 55 43 15  S850hoabodp 20 ppm, baseddngotaBsigbilized formudBion101 91 78
59 59 Notes: 1. For synergist descriptions, see nodified polyolefins
|isted above. It will be apparent that nodified polyethylene, Exanples 13,
14 and 15, and nodified SEBS copol yner, Exanpl eIl ~—ar€ ffective
synergi sts, and are generally nore effective than'th gﬁﬂdﬁﬁsqﬁfﬁ DM

enpl oyed in the stabilized fornul ations of Exanples BEPLECED 10 and 12.

Addi tion of the synergist was also effective to inprove strength
or melt integrity of the filanments during extrusion. For formulations

Wi t hout synergist the first godet speed could not be reduced bel ow about 40
ft/mn, while the above fornmul ati ons were able to be processed using a
first godet speed of 32 ft/mn. This is particularly surprising 15 in
view of the effect of synergist on tensile properties noted for Exanples
5-9. Stub formation was al so reduced, with the nodified SEBS found to be
substantially nore effective in reducing slubs and providing a snooth
filament than the nodified ol efins and '

10 TP’ rized in Table Il. Table 11. 350 F Heat Stability
of Fi ﬂmm, '@Mﬁﬂﬁ#g Pol ypht hal am de with KI/Cul (10/1) Stabilizer at
an onal i
7
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modi fi ed'EPDM The invention will thus be seen to be a stabilized yarn or
filament conprising a 20 pol yam de, a copper-contai ning stabilizer and a
synergi st. More particuiarly, the invention is a stabilized pol yam de
f-ilament or yarn conprising a pol yphthal am de, a copper-contai ning
stablllzer conmposi tion and a nodified pglgyol efin synergist, and a :
conposition for use in stabilizing polyphthalamde filament conprising a
copper- containing stabilizer and a functionalized pol yolefin synergist. 25
Al t hough the i TG 7B POIYAMINE FIBER] and il lustrated by way of
specific enbodi nents set forth herein, still further nodifications and
variations will be readily appar ent , f. aved hled in the resin
formul ati ng and conposite fabricatin%gg%ggigg#—é%égple, melt extrusion of
thin film partlcularl filmintended for use in the forn1of slit filmas
stapl e fiber i §obygmid méwﬂﬁsswwzeﬁ Wi & RoRREKcPNBINIRE Fiaktlizer and 2 Polyolffide

to many of the sﬁmglsceﬂﬁblden@g‘:axmraﬂ a@nptd%edrmymeapsummyg The filaneweswithstand
i ncluding therna tlon

ss_of S
formation, andPf ﬁ'cgssé'?gaﬁﬁ e °&?ﬁf)ag‘§m? a4, gren%a'{‘ 'g); B géefn{ ‘?,Uag,fﬂh%l{%&m Where
appllcat|0n5 Thm@akamuwumuepebuvnimampammvnaaunﬁauwumﬂmebt|ons are al so
contenplated as lying wwthin the scope-of the invention, which wll be
sol ely defined by the appended clai ns. 12 dains: 1. A stabilized
pol yam de filament conprising (i) polyphthal anide, (ii) a copper- 5
containing stabilizer and (iii) a functionalized polyol efin synergist,
wherein the stabilizer conprises a copper conpound soluble in the
pol ypht halam de and an al kali netal halide
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and t he synergi st |s present I an armunt of fromi-ta, 2
weight .of (i), 1 The. stjabi I
1 wher®in the co IHUMW abi | i zer corrprl $ﬁs ¢

and an -al kali wetat l uﬂen 5 The stabilized f] }-&e 'l'\
wherein said synergi st conprises at |eastl2on functl e
sel ected from the group consisting of functi oha Ze’di 15: _.'"f...._‘-”| yei hy
functi onal icg ﬁﬁ's pol ypropyl ene,, functionalized $EBS pol ymer and
funtionaliz et hyl ene- propyl ene- di ene nononer feE‘pOT’yrmr il ._. Yol 2x :
stabilized filanment of Caim1 wherein said copper-¢ontar mwrrg stabl Tzeroi

conposition is ?\ﬁhﬁﬁlﬁoep&ian%é ﬁ%ﬁiéﬁ%brﬁghﬁﬁg Gﬁﬁol?ﬂﬂﬁ&émﬁb} (i) a@bpigeri N a
KI/Cul weight 20 ratio rom
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adapt ed forco fisédla %Bgﬁé 'domdagneebmslet;nm@ﬁmmmmmr&ndmkalsmw falide
copper-conta I Ng st i zer a syne%glst wherein the CO per-con%?jnlng

stabili zer 329 the synepgisisis presem b@tﬂ!‘r%m@?"t fraan tme0 wifle by combl

iodide in %5 wei ght ratio of from2.5 to 10, and the synergi st |s
present in unt of from1l to 20 wt% by conbi ned wei ght of

Ipol ypht hal ?m' de, st abl | izer and synergi st, which synergist conprises at

1 east qpe nctl I 5 ting of
functi gnal |2lzjed yet Wgﬁﬂe)irﬂ lﬁ%i?!h(l)rﬁhg ‘?Igéergﬂéﬁé %%O%Mﬁﬁgﬁegnal |gzed
SEBS pol ynﬁpmﬁﬁe%ﬂwﬁﬁﬂﬂéblhamﬁfﬂe@@k Al metabhalideyy | ene- di ene nononer

terpol yner. 6. A nethod for stabilizing a nelt-spun pol ypht hal am de

fi\Lament conpri si ng conmpoundi ng with said pol ypht hal am de, prior to
mel t - spi nnidag, dhesiRilizeddiarg |°ﬁ§|a§f‘ébﬂ'ﬂ‘?rﬁ@rs%%\ef%?t@"@"gﬁ@td?%stGf‘

pot assi um 'flgﬁiggﬁal%ner RRlefih! )seledtidderéh andl bFBUp V&Ingiting Sof I Rihttbralizédd om

2.5 to 10; I'st present in an anount of froml to 20 W% b

combi nd8 mmobﬁ!hy{ﬁ"epo[prh%wﬁ% dROlYPEQRYIANG; zéﬁ‘“cﬂﬁﬂa'@?ﬂer%@ PRiYme and
synergi st GQifidhkfRR ethylene-propylene-diene monomer terpolymer.

4, The stabilized filament of Claim 1 wherein said cdfpper-containing stabilizer
composition is a mixture of potassium iodide and copper (I) iodide in a KI/Cul weight

20 ratio of from 2.5 to 10, said stabilizer composition being present at a level of from 50 to
1000 ppm copper.

5. A composition adapted for use in stabilizing polyphthalamide filament comprising
(L a copper-containing stabilizer and a synergist, wherein the copper-containing stabilizer
25 comprises a mixture of potassium iodide and copper (1) iodide in a KI/Cul weight ratio of
from 2.5 to 10, and the synergist is present in an amount of from 1 to 20 wt%, by
combined weight of polyphthalamide, stabilizer and synergist, which synergist comprises
at least one functionalized polyolefin selected from the group consisting of functionalized
polyethylene, functionalized polypropylene, functionalized SEBS polymer and
30 functionalized ethYIene-properne—diene monomer terpolymer.

6. A method for stabilizing a melt-spun polyphthalamide fitament comprising
compounding with said polyphthalamide, prior to melt-spinning, a copper-containing
stabilizer comprising a mixture of potassium iodide ad copper (l) iodide in a KI/Cul weight
35 ratio of from 2.5 to 10; and a synergist present in an amount of from 1 to 20 wt%, by
combined weight of polyphthalamide, stabilizer and synergist, which synergist comprises
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13 .at 'l east one functionalized poryolefin selected fromthe group

consi sttng of fimuﬂ"ﬂ ethyl ene, functionalized polypropyl ene,
funt\'Bnal i zed S "ﬂm Iﬂ nct i onal i zed et hyl ene- propyl ene-di ene
nononer terpol’ yner . ‘method of Caim6 wherein a sufficient

amount of said stabi I [ zer corrp05| tion is18onmpounded with the
pol ypht hal am de to provide a copper level of from50 to 1000 ppm based in

total stabigtigptoh@tunelicdiedd pdlyolefin &lééta@ lfHorrsmé grd;dpaemtst.ﬁg ePfuittichalifecny

of Cdains 1-4 for construction of cloth use as press felts and
drier feltdpolysthylenen Junglionalized fP‘I")éFPFBH!'e%R}coﬁ“ﬂPW"F?f’ amF!  POYMArL-ang or

constructi g an&fongﬁeg|éﬂ@|édeb‘5,gpylg9e_d,eny%r@fnea &Eg@mbrsed filament according

to any of alnms 1-4 manuf acture of 15 ing for use as press felts
and drier felts. 11. Use of a stabilised filament according to any of

daims 5-43n ”Hﬂ"lglﬁ%%%f @iauﬁ@ \M‘\é}Gmfd SUtficiert @mouhtof sanfstﬁbnﬁiér'cbﬁ%sntlon

COI’TpOSI tion conprising a | am de, a copper -cont al ni ntg stabilizer
ro

m xture of ipeoapeundad with éhe aﬂuph,tbﬁa@pde(ﬂo) prpwele d?ecqnpea lgvef of, me‘i‘bm 1000 i o

of from2 Qed FAtbfhl staBlibdd fRmuBtigh. Ur e being present at a level of from
50 to 10005"6;'%%o%per l:?@rom 1 %IOIZO wt % based on conbi ned wei ght of

synergi st, pol ypht ham de and copper-containing stabilizer mxture, of a

synergi st GonprigRgiigd tigazh Qc?ﬁr fm tof 'C‘Pé]ﬁi's'ﬁ@?br cBﬁétM}&lSﬁ bf‘clétﬁlr@%ned

from the group consistin onali zed pol yethyl'ene, functionalized
pol ypr dfy| euse asipress fetsan dwfst_%s pol ymer and functionalized
et hyl ene- propyl ene-di ene nononer terpolynmer and being in the formof a

f\Lanent, fibre, filmor sheet.
9. A stabilised filament accordmg to any of claim 1-4 for construction of felting fibre.

10. Use of a stabilised filament according to any of Claims 1-4 in manufacture of
16  clothing for use as press felts and drier felts.

11. Use of a stabilised filament according to any of Claims 1-4 in manufacture of
felting fibre.

20 12. A stabilised composition comprising a polyphthalamide, a copper-containing
stabilizer mixture of potassium iodide and copper () iodide in a KI/Cul weight ratio of
from 2.5 to 10, said stabilizer mixture being present at a level of from 50 to 1000 ppm

(U copper, and from 1 to 20 wt%, based on combined weight of synergist, polyphthamide
and copper-containing stabilizer mixture, of a synergist comprising at least one

25 functionalized polyolefin selected from the group consisting of functionalized
polyethylene, functionalized polypropylene, functionalized SEBS polymer and
functionalized ethylene-propylene-diene monomer terpolymer and being in the form of a
filament, fibre, film or sheet.
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