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encount er ed wvidurs durihg hutoelaye palynaerization when stabilizers are added in solution
form. A similar reaction occurs when large amounts of stabilizer solutions are
added to continuous polymerizers. The normal maximum concentration in
. polyamides on commercial autoclaves and continuous polymerizers using this
25 method is typically 0.05 weight %.

For fiber to be used for papermaking machine felts, it is also
desirable sometimes to Spin polyamides which have a high formic acid relative
viscosity to improve resistance to wear from flexing, impact and abrasion. It has
been demonstrated that an increase in molecular weight of a polyamide will

30 increase the toughness, modulus of elasticity, and impact resistance. However.
when the polyamide supply for such fiber is polyamide flake, it is often difficult to
obtain the desired high relative viscosity while maintaining polymer quality, i.e..
low level of cross-branching. While it would be desirable to increase the relative
viscosity in the flake by using a high quantity of catalyst in an autoclave, it has

35 been found that difficulties similar to those encountered with stabilizers can occur
when attempting to add catalysts in high quantity. In addition, high quantities of
catalyst in the autoclave can cause severe injection port pluggage and
complications to injection timings during autoclave cycles. High quantities of
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effectively ot helaveaisosity 6f the polyamide polymer is increased prior to extruding. Most

20  preferably, the relative viscosity of the polymer is increased by at least about 30
units and is increased such that the residence time of the additive in the molten
polymer before extruding is not more than about 60 minutes.

In apother preferred form of the invention, the additive is a

stabilizer selected from the class consisting of alkyl-substituted and/or aryl-

25  substituted phenols; alkyl-substituted and/or aryl-substituted phosphites; alkyl-
substituted and/or aryl-substituted phosphonates; and mixtures thereof.

The invention is capable of adding high amounts of stabilizers and/or
catalysts to polyamides which could not be done effectively otherwise and is
particularly desirable for polyamides being processed on single or twin screw-

30 melter extruders. The invention is capable of increasing the relative viscosity of a
polyamide while mainte ining excellent polymer quality.
DETAILED D RIPTION

Polyamides used for the main polymer source in the process in

accordance with the invention and which constitute the resulting fibers are at

35 least about 75 weight % poly(hexamethylene adipamide) (nylon 66) or at least
about 75 weight % poly(e—caproamide) (nylon 6). Generally, for industrial use
where strength and thermal stability are important, it is preferable for the amount -
of comonomers and other polyamides mixed with the poly(hexamethyiene
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When the fiber is for use as felt in a papermaking machine, it is
preferable for both the main polyamide and the concentrate to be free of the
copper (often added as Cul to polyamides for the purpose of ultraviolet radiation
protection) since the presence of copper in the felt fiber catalyzes chemical

25  degradation of the fiber when exposed to chemical compounds such as
hypochlorite bleach used in the papermaking process.

The additive in the concentrate is a stabilizer, catalyst or mixture of a
stabilizer and a catalyst. Preferred stabilizers are alkyl-substituted and/or aryl-
substituted phenols; alkyl-substituted and/or aryl-substituted phosphites; alkyl-

30 substituted and/or aryl-substituted phosphonates; and mixtures thereof.
Preferred catalysts are alkali-metal, alkyl-substituted, and/or aryl-substituted
phosphites; alkali-metal, alkyl-substituted, and/or aryl-substituted phosphates;
alkyl-substituted and/or aryl-substituted phosphonic acids; alkyl-substituted
and/or aryl-substituted phosphinic acids; and mixtures thereof

35 Most preferably, the additive is 1,3,5-trimethyl-2,4,6-tris (3,5-
tertbutyl-4-hydroxybenzyl) benzene (sold by Ciba-Geigy under the trademark
IRGANOX 1330), N,N’-hexamethylene bis (3,5-di-tert-butyl-4-hydroxyhydro-
cinnamamide) (sold by Ciba-Geigy under the trademark IRGANOX 1098. and
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20 the concentrate are provided by metering using a gravimetric or. volumetric
feeder for the concentrate which meters the concentrate through an opening into
the main polymer flake supply chute supplying the feed zone of the extruder. A
single or twin screw-melter/extruder is suitable for melt-blending. The resulting
molten polymer is preferably directly supplied to the polymer transfer line piping
25  for conveyance to the spinneret and, if desired, can be blended further in the
' transfer line there using inline static mixers such as those sold under the
trademark KENICS or under the trademark KOCH, flow inverters or both.
Other methods for melt-blending can be used such as mixing molten
polymer from the main source with a molten concentrate or any other
30 appropriate method which provides a homogenous molten polymer mixture
containing the additive. ,
After extrusion into the transferline, the polyamide mixture is
supplied by metering pump to a spinneret and extruded and formed into fiber.
This can be accomplished using techniques which are well known in the art. For
35  use as staple for papermaking machine felt, the polymer is extruded then drawn
as a multifilament yarn or tow and cut to form staple as is also known in the art.
The resulting staple fiber can be used in the known manner, e.g., incorporat'ed
into a felt for a papermaking machine.
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about 6020  conditioning capacity on flake-fed melt extruder systems.
Polyamide fiber in accordance with the invention is useful as staple
for papermaking machine felt. The fiber denier per filament is 1 to 40 and
comprises at least 75 weight % i)oly(hexamethylene adipamide) polymer. The
polymer contains about 0.1 to about 2.0 weight % of a stabilizer selected from the
25  class consisting of 1,3,5-trimethyl-2,4,6-tris (3,5-tertbutyl-4-hydroxybenzyl)
benzene, N,N’-hexamethylene bis (3,5-di-tert-butyl-4-hydroxyhydro-
cinnamamide), and tris (2,4-di-tert-butylphenyl) phosphite and mixtures thereof,
the fiber being substantially free of copper. Preferably, the fiber contains about
0.1 to about 0.7 weight % of the stabilizer. In the fiber, the stabilizer is preferably
30 thoroughly mixed with the polyamide in the fiber.
Preferably, the formic acid relative viscosity of the polyamide of the
. fiber is at least about 20, most preferably, at least about 35. The most preferred
polyamide is at least about 95% poly(hexamethylene adipamide).
Fiber in accordance with the invention used as staple in the batt of
35 papermaking machine felts provides increased service life when compared to
conventional staple fiber.
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" EXAMPLE1
The staple fibers shown in Table 1 were made by volumetrically
25  metering concentrate pellets of 20% IRGANOX B 1171 co-melted with 80%
mixed polyamide carrier (sold by Du Pont under the trademark ELVAMIDE)
into the main polyamide flake (homopolymer nylon 66) feed at a rate such that
the particulate mixture contains 0.4 weight % IRGANOX B 1171. The
concentrate pellets and main polyamide were then melted-blended at 290°Cin a
30  vented, twin screw extruder. The polymer was extruded into a transfer line with a
5 to 7 minute holdup time to a manifold feeding meter pumps at 80 pounds per
hour per position. The polymer relative viscosity was 68-72 controlled by varying
the vacuum on the barrel of the twin screw. The fiber was extruded through
spinnerets in filament farm, air quenched, coated with finish (1.0% to 1.5%) and
35  partially drawn to 60 dpf. The spun fibers were then collected in tow form, drawn
- and crimped to 15 dpf using a 4.0 draw ratio on a draw crimper. The
drawn/crimped fibers were crimp set in a steam autoclave at 135°C, dried. then
cut as 3 inch staple using a lumus cutter. The fibers had a tenacity of 4.0 to 6.0
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to break are 4 at

col. 2, line gzlao[n(")gé Pwnénefq%ﬁ]ee 6"“#%‘? %a@gzgrmepgarteﬁge?lg}se\ger&ﬁg% e bhe

st ress- strai ncombirdng E0F\PLEEzd5with homopolymerinyldmhe insseadpifabe wikaxh f ol | ow,
h ddi d bel

1S, etri ot npPraToE 95“’3’g?’g%“ep?"‘%"“?ﬂ?ﬁﬁf’é’i’%eﬁg'ﬁat genzgngw-

| RGANOX 1330 N N - hexa'llféﬂétl‘fiheéﬁ@aSF§5@SS°Slb&Fi atb@r'% wsTR g¥Rosed iR 103APRMAYr 0- 20

ci nnamani de) NARGABR0°L)JBhE: 35 H30k- @ 80°€, 72} ¥hdsea) @hesTIbfdre in

| tit - 7. EXANPLE h t
eaual auant| e kRN LAY o BN L SNl o R ©
concentrate p@lftleebspasﬁrQﬁP/ﬂlleml Bnd dm heas-tests.t €he % mer/bmakédrea

pol vam de; Gar hinier fg&% derbith L%B%%ngmﬁg déﬂaﬁnh{e@%{ms Ian%kaéwf%é 1dc'?£é%e8 he
mai n pol yam de ry(?‘%g %ri[‘erqﬂg%/ on EG% .eed,at rate s that the
particul ate mpi?‘t‘}ﬂéo% Fﬂ"é bipthg Olost BCCPI%HCCTH rfB?é?ﬂ‘%oé‘t e
pell ets and momppnéq/wrthdecmnéwnthem svabitiegt: A eundarhradf fesult] isishoan3d
vented, tw n iaé/v%extruder The pol yner-was extruded into a transfer |ine
with a 5to 7 mnute holdup tinme to a manifold feeding neter punps at 80
pounds per hour per position. The EOl yner relative viscosity was 68-72
control | ed®by varying the vacuum o arrel of the twin screw. The fi ber
was extruded through spinnerets in filament form air quenched, coated with
finish (1.0%to 1.5% and 3 5 @Q,réhjl@dlly drawn torgQ k. The spun fibers
were then collected in towfor(:g wn and crinpe l?%&LS dpf using a 4.0

draw rati o on crinper crinped fi vyere crinp set in a
~ steam aut ocl avlg Cg’tfﬁv 060 drie ﬁ@ﬁ’ed/ % Retamed

20 Sample Work-To-Break Work-To-Break
Description ‘NaOCl Hy0p 130°C 72 Hours
Control 9 23 . 20

25
Nylon 66 27 61 91
+0.4 weight%

IRGANOX B1171

30 Nylon 66 13 30 . 64

+0.05 weight%
IRGANOX 1330
Nylon 66 9 22 54

35  +0.2 weight%
IRGANOX 1330

Nylon 66 7 71 100
+0.3 weight%
40 JRGANOX 1098



cut as 3 inch staple using a lumus cutter. The fibers had a tenacity of 4.0
to 6.0 7 gpd and an elongation to break of [err]. The sane techni que was
used to nmake the different concentrations of | RGANOX 1330 and | RGANOX 1098
in nylon 66 shown in Table 1 except the stabilizer concentrate pellets were
made by conbi ning 20% stabilizer with h&nropol ymer nylon 6 instead of the

m xed 5 pol yam de carrier sold under the trademark ELVAM DE. Test fibers

made as descri bed above were exposed to%ﬁé@% NaOCl @][err], 72hrs; 3%

[err] @[err], 72hrs; arThideyahgiatill@taes thefsignificine incréaaiirrelatienasdsiny and

| ti f h.test.fib heck to th
chemcal “and o fonisonipls WRbnfZEaRAFRISE Ep BieR ALhRanEiRARIRE, |0 e
strain curve) cinxegdomad eveight Fcedpnaentirate o ARGARQZB HHdin apised ed
protection py OV{;&%M% éaf}ﬁe@§@ié Ii);PD_uqforﬁh%EEﬂ {HeQFfdentarR EIV AMITIE W kel he

i nvention conpared wth a co izer,.

t th t abi | I
is shown in Tapblenged yith homoporiycr)melyvI nylon 28 ti?at%a's a wexgﬁég&#%ﬁ;sﬁt&pﬁ %SO%G% S
Dry Heat Stabil iy twin screw extrudedt Thelaniount bf erpferkiy¢ nylof 66 is redic&epeioned
% Retained 2 0 2 ) , - - Tq- ¢ s JiO k
Descri pti on fneﬁaﬁgkgl&lb} ﬂfx(}acF rc]n?dm\%{r&. A gr‘;ﬁlri T_?EIeHZO, l}lrmes r%gtlﬁlétfer | Olﬁco@ft)e?s
9 23 increased by thgvolgmaymiefeeding of IRGANOX B Li71 concentggte pellets

' g i "'0-040‘éVE‘i ot %%}B?ngﬁﬁzé 83 flake f&ég Wherbthe weight %-v&éater ik3the polyanii@e flake
+ 0. wei ght % on . .
5435 + 0. 2 Mtdﬁ? %'\‘ﬁﬁé«iﬂ?l 'ﬁ?g%és 3P about Q.O3 weight %. Staple fitfef was made as

in Example 1. There was no increase in the level of machine breaks or broken
filaments of the high relative viscosity test item compared to the control.

15 TABLE2
Sample RV RV
Description Increase
20
Control _
Nylon 66, <0.3% 60 -
Water With No
IRGANOX B 1171
25
Test Item )
Nylon 66, <0.3 70-75 . 915

Water + 0.1 weight%
IRGANOX B 1171
30



Nyl on 66 7 71 100 + 0.3 m!ﬂl&ﬂmmmﬁml
1098 EXAMPLE 2 This exanple illustrates the significant iWE e SleRRE W18 1t 1F

relative viscosity that is possible when a catalyst is used in a process in
accordance with the invention. A 10 weight % concentrate of | RGANOX B 1171
in a mxed 5 polyamde carrier (sold by”Du Pont under the trademark
ELVAMDE) is nelt- blended with honopol yner nylon 66 that has a wei ght %
wat er of | essGUAIMS) 03% in a twin screw extruder. The anount of water the

_nyI on 66 is reduced pr I @r A ﬁrdzggstfophﬂ@g{gqgﬂ%ﬁgqu@r Q@fﬂﬁ}iﬁhgﬁi ng. As s _hown
in Table 2, the relative yiscosit s i.ncreased by the volunetric.f i ng
of | RGANOX B 1171 conceReubiERioB ehGmite PPRET CRIEPHAINS SfHshettiPGREN 1 ced
when t he wei ghteight wﬁpaly(hexantcﬁx)ﬂ)ﬂlqwdipmid‘el) @k polyge -ataprbamide] mnédlak'm\%d Tﬁfe o
was 10 1 nch oatt g ol Hae| Qug b ThARAR 10 IR afBhalRE B oA o1 (e
hi gh rel at i ve SQMpESSEPPIaEde polymes g anadlditive sglecteshirem the ghass consisting
TABLE 2 Sanpl ef stabilizersl, catalysts agd dﬁg(tures thereof to forny @@rgdﬁyﬁoeﬂmg&mx 5
119125 Test O??‘té‘:%?’{ﬁyﬁ%}%g)@é’, agb8uteight % of saiBadiiléant 1,101 ERI By
wei ght % | RGANOX B 1171 8gtruding said molten polymer from a spinneret and forming a fiber
10 having a denier per filament of 1 to 40.
2. The process of claim 1 wherein said additive is a catalyst
selected from the class consisting of alkali-metal, alkyl-substituted, and/or aryl-
substituted phosphites; alkali-metal, alkyl-substituted, and/or aryl-substituted
phosphates; alkyl-substituted and/or aryl-substituted phosphonic acids; alkyl-
15  substituted and/or aryl-substituted phosphinic acids; and mixtures thereof and
said relative viscosity of said polyamide polymer is increased prior to extruding
from said spinneret.
3. The process of claim 2 wherein said relative viscosity of said
polymer is increased by at least about 30 units.
20 4. The process of claim 2 wherein said -melt-blending is performed
in such that the average residence time of said catalyst in said molten polymer
before extruding is not more than about 60 minutes. '
5. The process of claims 1 wherein said additive is a stabilizer
selected from the class consisting of alkyl-substituted and/or aryl-substituted
25  phenols; alkyl-substituted and/or aryl-substituted phosphites; alkyl—substiu’ned
and/or arvl-substituted phosphonates; and mixtures thereof.
6. The process of claim 1 wherein said additive is selected from the
class consisting of 1,3,5-trimethyl-2,4,6-tris (3,5-tertbutyl-4-hydroxybenzyl)
benzene, N,N’-hexamethylene bis (3,5-di-tert-butyl-4-hydroxyhydro-
30 cinnamamide), and tris (2,4-di-tert-butylphenyl) phosphite and mixtures thereof.
7. The process of claim 1 wherein said fiber is free of copper.
8. The process of claim 1 wherein said concentrate contains about
1 to about 40 weight % of additive in polyamide polymer.
9. The process of claim 1 wherein said resulting molten polymer
35 contains about 0.1 to about 0.7 weight % of said additive.
10. The process of claim 1 wherein said polyamide polymer and
said polyamide stabilizer concentrate are in solid particulate form and are mixed
together to form a particulate bler * prior to melt-blending.



9 CLAIMS: 1. A process for making polyam de fiber conprisin
‘pol yam de pol yner conprising at | east about 75% by wei ght OHII|IIJEHII!!“|JHMIH!II
pol y( hexanet hyl ene adi pam de) or poly([err]-caproam de) and havi ng a 5
formc acid relative viscosity of 20-50 with a pol yam de additive
concentrate conprising pol yam de pol ymilr0 and an additive selected fromthe
class consisting of stabilizers, catal ysts and m xtures thereof to forma
nol t en pol yner whi ch cont¥i nEheaprogesseiEinimol Gsbereimsajd mghtblendipg éai d
additive; and eydridtehdichsiitl dlsdrewimeltdrol yner from a spinneret and formng a
fiber 10 havi ng a deni il anent . of to 40. 2 he ocess of claim
1 wherein said additive :12 gﬁiea{)%cgséstor}scglglé,gle%hc’frpma{%%&@r&@rg ROOHRFSP ng of
al kal i -met al , abkypopaymst poly{letamethidene adipamidepbst i t ut ed phosphites;
al kal'i - met als, al Kyl - substig ubsdhmRiaditr v3EMH asubSleifbHp&tE RRASHS AlaBRine felt
al kyl -substituted and/ Oi arél -Substituted Qhosggoril C a,gl ds;. alkyl- 15
substituted andfURPIYGS ! Lo, A4 AERIGE BAT éﬁﬁ%‘ﬁ“i%ﬁ i lgast A veight®ur es t her eof
and sai d rel at i pay{hieszmsihylenefadipamided pylymed ang ebyrainting sbounr@: basasbup2idr to
extruding fromgai j : S i &l j )
é?’&(ga?%f;%‘%%%%ﬁ%ﬁ?%d Hodf B3 cGhameo IS Bide il

rel ative viscosi a :
2 0 tris (3, 5-tpFeupiddsonberril bezenhaldl Hesumeient b Gratiigry s
pelr for m%‘dI i10 s ushtyl-fatbdicaghydlveciirnianiddy; pad tiik (a:44ali-ta&bdtngteayb)§moi%phi$ﬁi d
mol t en pol yner 1 i iSOt or putes. 5. e
process of cl ai %g %mﬁﬁ%ﬁﬁ%@ggg@d;fbb lrtblejg‘gg sﬁxgggﬁg}?@ﬁ}?% ?g(?ox)?gf'ect ed fromthe
cl ass consisting of al kyl 14 ubbse fiben efoclaimildeomprising abeuti G Litagbas 0.7 weighol s:
al kyl - subst i t ut eglofdac @abieys. - Substituted phosphites; al kyl-substituted
and/or aryl-substituted p opates, .and_m xtures thereof..6. The .process
of claim 1 wherei n said ot TpBoreoraferLibein e Brbicadd EadiSrRs e
1, 3, 5-tri meshyl ef25add pelyamsde(i8 abldast aboutt?0- 4- hydr oxybenzyl ) benzene,

N, N' - hexanmet hyl ene bis (316-#izkEeLL ~Put: < . rar |

ci nnamam de), and tris 821643,-%? ?g%(}%&&%}yﬁ %ﬁgﬁé lﬂggéﬁ%h{a%é%ﬁabrrﬁeﬂsﬁtes
thereof. 7. Thelegplahous 9% palyihexamepyienepdipdmide).ner is free of copper. 8.

The process of claim 1 wherein said concentrate contains about 1 to about
40 wei ght % of additive in polyam de pol yner.



«

9. e f®ocess of claim 1l wherein said resulting nolten polynmer 3 5 _
contains about 0.1 to about 0.7 weight % of said additive. 10. The proces
of claim 1l wherein said polyam de pol yner and said pol yam de stabilizer
concentrate are in solid particulate formand are m xed together to forma
particul ate blend prior to nelt-blendi ng“.1 10 11. The process of claim 10
wherein said nelt-blending is perforned using a screwnelter. 12. The
process of clainms 1 wherein said pol yam':ﬂmol ynmer i s honopol yner
pol y(hexanet hyl ene adi pam de). 5 : 13. Pol yam de fiber useful
as staple for paper nmaking nePtucass forMakingiPolyaimide Fihes 40 deni er per

as staple fo _ inige Filies 40 deni e
pol Yo andcont ai i ng. abdit LHl LR PSR RE R P2 T

sel ected fromthe class consiABSERACT QFIHE DISCLOSURE 4 6. tris
(3 5L o el ok el er i
E 2. 4-di-tert- B@VPBM)” . %ﬁﬁ%@ﬁﬁh%ﬁ@&mﬁﬁ@%ﬁcw&@ fi ber being
UL 1,2 bt e o Tttt 211 sl
Wﬁer ein the f o.r m c agi d n}égﬁﬁc glg\}?oéf%dpy oijgne,r 'qmggfriéé gﬁ?g‘rﬁbd’é‘% P%t
| east about 2by weight Df polyi(bexamdthylené adipamide) et poly@i-tcapodamide) end blayimgr i s
at | east phout, sOnutcdd kdISo RS BE 255t ToBbut 50 with a polyamide additive
concentrate comprising polyamide polymer and an additive selected from the
class consisting of stabilizers, catalysts and mixtures thereof to form a molten
polymer which contains about 0.05 to about 2 weight % of the additive; and
extmdihg the molten polymer from a spinneret and forming a
15 fiber having a denier per filament of 1 to 40. Fibers made by this process have
great utility in the batt of papermaking machine felts where they provide
improved resistance to wear and/or chemical attack.
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