S~ 'y ?I1: Inl 4 TREATMENT OF POLYAM DE W TH GAS PHASE OF ACI D,
ANHYDRIDE OR AM NE 5 Description The present invention relates to makhing/tli
stain- or dye-resistant polyam de carpet fibers by reducing the am no end
group content of the polyam de. The present invention also relates to
reducing 10 the rate of nononmer regeneration during extrusion of the poly-
am de by reducing the anount of end groups in the polyam de. As used
herein, tBREABMENT fGFhEPLYAREPRIGES T GhEr BHANE &%t AERR. ANHYDREEI nPRe | ength
(i €., fihammts) and fibers of short length 15 (i.e., staple fibers). The
term yarn as used herei n means a continuous strand of fibers. The terns
"stain" aBd Ilgtndng as used herein with reference to polyamde fibers
mean di scof”orajt on of such fibers caused by a 20 chem cal or physical
attraction thereof with a substance such as, for exanple, food red. The
terms "stEhe-prasent dnvenahoh Stlaftksnte osilsanceiins wseyehereintant h
respect tgoppdyiatd darbebef Shofs h@,arr@eﬁ@nﬁ@f@lresahenbr@a@t@iﬂohbyc@xﬁtéﬁe fiber

or carpet_to i ni u i

refers b of %léflsdé]g/aggtr%? msrir%gela Ség\t/a?’ﬁ%bl{ﬁo(a leo W|th an %L@rgggve 20
meq/ kg1Phk Pe rPJ\z\ﬂ‘OPﬁm?ﬁer%gretn SGEh°RsS u’i‘ld‘rg 832 FHbTJeon RF GRE6PTY nyl on

6, 6. 30 Panydgiie F9dEisy aklee raé‘loaltnltv@fyem@]@%[ﬁ’éﬁ@ Ve Hl roflvemide desirabl e
conbi nation of qualities such as durability, confort, and ease of

manuf act uw h P rdergadrangs ot regloF Sinddatdesr ASpe ANt 1t QXL ULES. or As a
result, 'A{Qﬂrﬁj&f'ﬂ% %parf AFQ" d‘%'lxaHéggs ’Lnldh%hBQP‘s“ c?ggh @‘é‘“f% tf de £ rom

car pets It apery

pol yani-de 'f i Ber ss%ﬁpe}e beﬁﬂf’g'r fTIh(?oFeE‘Bvéfelrﬁ’d 2Fol ?%s}}ed’@ﬁf‘l HFa’é“?lcF
CONMEr Ci atoabmwm is¢msndpof yiHiede -f i bers dye easily with acid dyes.
Consequently, car- pets made from pol yam de fibers stain easily when

exposed t@p@ardihd Wsdhigl ahdiddiGliahngeid dyes kea&lﬁml&th it 8PEE: 4 qods,
drinks, Hggggrbﬂfes fl%an%Qagﬁ &%’&3&5’?5&5 do‘%Cts%ch &dgress%ahgggh}%§eg ns

cannot _be severe

staini A SFERETPetI g VE? ﬁa}mﬁ“ﬁrraﬁr‘éﬁi‘e?ﬁ?%" cH%EBn%r%“bsltﬁnFﬁcfuc%L?rsveys

show t hat fpprexazmiset $caferedpl fbedthrpausaadf-resistant” and “stain
resistance” as used herein with respect to polyamide fibers or

carpets refers to the ability of the fiber or carpet to resist
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25
As used herein, "unmcdified polyamide” refers to a typical com-
mercially available polyamide with an AEG abcve 20 meg/kg that is
known in the art such as, for example, nylon & or nylon 6,6.

30 Poivamide fibers are relatively inexpensive and offer a desirable
combination of qualities such as durability, comfort, and ease of
“manufacture into a broad range of cclors, patterns, and textures.
As a result, polvamide fibers are widely used in the home and
industry as carpets, drapery material, upholstery, and clothing.
35 Carpets made from polyamide fibers are a popular floor covering
for residential and commercial applications.

Poclyamide fibers dye easily with acid dyes. Conseguently, car-

pets made from polyamide fibers stain easily when exposed to na-
40 tural or artificial acid dyes that exist in some foods, drinks,

medicines, and other ccnsumer products. The resulting stains

cannot be easily removed under ordinary cleaning conditions. The

severe staining of carpeting is a major problem for consumers.

In fact, surveys show that more carpets are replaced because of
45 staining than because of wear. Accerdingly, it is desirable to
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kers such as caprolactone and butyrolactone to the extruder du-

ring polymer extrusion. Blocking the end groups during polymer

production greatly reduces the rate of polymerization, and the

obtainable amino end group level would be insufficient to provide

25 meaningful stain resistance.

There remains a need for stain- or dye-resistant polyamide carpet
fibers that overcome the above-discussed limitations, as well as
a simpler and more eccnomical process for preducing the same.
30
Moreover, during extrusion, polyamides regenerate the starting
monomers from the carboxylic end groups in the melt. The regene-
rated monomers are deposited on the extruder die, which causes
fuming and cther processing problems. The regenerated monomers
35 also show up in the finished products.

A need exists, therefore, for a method of reducing the rate of
regeneration of starting monomers from carboxylic end groups du-
ring extrusiocn.

40
It is an cobject of the prezent invention to provide stain- or
dyve-resistant polyamide carpet fibers.

It is also an object of the present invention to produce a poly-
45 amide polymer that does not regenerate the starting monomers du-
ring extrusion or remelting.
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According to the present invention there is also provided a

method of reducing the amino end group content of pelyamide com-

25 prising treating said polyamide with gas-phase acid or anhydride.

The polyamide treated in accordance with the present invention is

particularly advantagecus for sclution-dyed fibers, greatly redu-

cing the staining propensity of such carpets.

30 To reduce the number of amino end groups, solid state polyamide
may be treated with an inert carrier gas such as nitrogen or ar-
gon containing acid or anhydride at temperatures above the boi-
ling point of the acid or anhydride. The polyamide reacts in the
solid state with the acid or anhydride in the gas phase at tempe-

35 ratures elevated above room temperature to reduce the number of
amino end groups in the polyamide. Suitable acids include acetic
acid, formic acid, and propionic acid. Acetic acid is the pre-
ferred acid. Suitable anhydrides include acetic anhydride,
maleic anhydride, and propionic anhydride. Acetic anhydride is

40 the preferred anhydride.

Further according tc the present invention there is provided a

method of reducing the carbexyliic end group content of polyamide

comprising treating said polyvamide with gas-phase amine. Redu-
45 cing the carbeoxylic end group content reduces both the rate of
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Polyamides suitable for use in the invention are those that are

generically known by the term “nylon” and that are long chain
25 synthetic polymers containing amide (~CO-NH-) linkages along the
main polymer chain. Examples of such polyamides include homopo-
lyamides and copolyamides that are obtained by the polymerization
of lactam or aminocaprionic acid, as well as a copolymerization
product from mixtures of diamines and dicarboxylic acids or lac-
30 tams.

Typical polyamides include nylon 6 [poly{epsilon-caprolactam)],
nylon 6/6 {(polyhexamethylene adipamide), nyleon 6/9, nvlon 6/10,
nylon 6T, nylon 6/12, nylon 11, nyion 12, nylon 4/6, and

35 copolymers or mixtures thereof. Polyamides can also be
copolymers of nylon 6 cor nylon 6/6 and a nylon salt obtained by
reacting a dicarboxylic acid compcnent such as terephthalic acid,
iscphthalic acid, adipic acid, or sebacic acid with a diamine
such as hexamethylene diamine, methaxylene diamine, or 1,4-bisa-

40 minomethylcyclohexane. Preferred polyamides are nylon 6 and ny-
lon 6/6. Nyvlon & is most preferred.

The polyamide treated according to the present invention may be
formed into various articles. Non-limiting examples of such ar-
45 ticles include fibers, yarns, textile fabrics, and the like.
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can be a
be jute, polypropylene, nylon, polyester, etc. The carpet may be

25 foam backed cor not. The carpet of the present invention can be a
variety of pile weights, pile heights, and styles. There is not
currently believed to be any limitation on the carpet style.

Additionally, the fibers may be dyed or colored utilizing conven-
30 tional fiber-coloring technigues. For example, the fibers of
this invention may be subjected to an acid dye bath to achieve
desired fiber colcration. Alternatively, the polyamide may be
colored in the melt prior to fiber formation (i.e., solutiocn
dyed} using conventiocnal pigments for such purpose.
35
The invention will be further described by reference to the fol-
lowing detailed examples. The examples are set forth by way of
illustration and are not intended to limit the scope of the in-
vention. All percentages are percentages by weight unless other-
40 wise noted. In the following examples, the test procédures des -
cribed below are used to measure the stated properties.

Amino End Group Content
45 The amino end group content is determined by dissolving about 2.0

g of the polymer in about 60 ml of a phencl-methancl mixture
(68:32). This solutiocn is titrated with abeout 0.20 normal HC1l at
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after about 16 heours of reaction, the chamber is purged with pure
nitrogen at about 165° € for about 4 hours. The content of amino
end groups is 7.0 meg/kg.

25 EXAMPLE 2

About 22.0 grams of dull nyleon chip (BS410F available from BASF
Corporation, Mount 0Olive, New Jersey) having an aminc end group
content of 29.7 meg/kg is placed in a reaction chamber. The

30 reaction chamber is immersed in a silicone oil bath at about 165°
C. A preheated nitrogen gas containing acetic acid vapor at ab-
out 165° C enters the reaction chamber from the bottcom. The ex-
cess gas escapes from the top of the chamber into a water trap.
After about 24 hours of reaction, the chamber is purged with pure

35 nitrogen at about 1635° € for about 4 hours. The content of amino
end groups is 6.4 meg/kg.

EXAMPLE 3

40 About 22.0 grams of caticnic nylen chip (BS600C available from
BASF Corporation, Mount Olive, New Jersey) having an aminc end
group content of 11.5 meg/kg is placed in a reaction chamber.

The reaction chamber is immersed in a silicone oil bath at about
165° C. & preheated nitrogen gas containing acetic acid vapor at

45 about 165° C enters the reaction chamber from the bottom. The ex-
cess gas escapes from the top of the chamber into a water trap.
After about 24 hours of reaction, the chamber is purged with pure



nitrogen at about 165 C for about 4 hours. The content of amino end gy QUWIL
is 7.0 neg/ kg. 25 EXAMPLE 2 About 22.0 grans of dull nylon chip (BS410="
avai l abl e from BASF Corporation, Munt Oive, New Jersey) having an am no
end group content of 29.7 msq/ kg is placed in a reaction chanber. The 30
reaction chanber is ipmersed in a silicone oil bath at about 165 C. A

pr eheat ed™hFE3HGeR 'L bNnt & nith§CECBRIFUE deirgutaporTha caPepht o658 i@%nt er s
t he reactewh atrudserisf foin mée/Hot t om The ex- cess gas escapes fromthe top
of the chanber into a water trap. After about 24 hours of reaction, the
chanber igyfw,ged with pure 35 nitrogen at about 165 C for about 4 hour's.
The con%ent of amno end groups is 6.4 nmeq/kg. EXAVWPLE 3 40 About 22.0
grans of cationic nylon chip (BS600C avail able from BASF Corporation,

Mount O i #eouiNeld -Jeoseps whvimighdnnahtmodmd (B7 60D mitlehtleofrd_rft.ﬁal?eq/ kg
i s pl acedcérparatdaect,i mpunhamhisre, nNEheseeast)i aavehanbesadbsxiyMmers&ed in a

I t
i AR St e A

bot t om T e ot tethe FhtP % at er

e ex- cess gas escapes
trap. 12f18%° &bout Qﬂeh%ﬁ"%‘i GRTPBARt O, 2t ﬁéoéﬁah%%r Ci snpergediani th pure ~.
i ~; ~ | JedcHtich cohiatnbegefrent tdlobttiGh. CTher eabest dbhesrspedheraont ent of

arr} no ﬁnm?égﬁaéi $h6. th@wﬁﬁgnEXAh/Rb&B & Fapbouts 2 Qraltanso Qiod}fsi ght

nyl on chi p¢ avai, r i ve,

Jersey) hﬂ%/éc cogrgﬁ E/ai%‘t dromS @Slg %Qg(re\{ggl B%%@g%é%%%k % e tIaced in
a reactio Qt“ir(ﬁ’n c RRRE 598 i fhe leljlla §P |%‘E5Wé’SoFF bat h
at abot? 44 I‘@Sl/dﬁ.g ‘A preheat ed ammnl a gas at about 165 C enters the
reacti on chanmber fromthe bottom The excess gas escapes from the top of

t he chanbeganmizo sa water trap. After about 20 hours of reaction, the
chanber is purged with pure nitrogen at about 165 C for about 4 hours. The

content o Cnarglqn%x%lfl %r?&ﬁjtg&oou %nligr/bl quamentq{falfrgn
20
The nylon-6 polymer is extruded at 255-270°C through a spinneret
with a trilobal cross-section. The extruded filaments are guen-
ched in air and taken up at speed of 300 m/min. The yarns are
drawn cn a drawing machine at a draw ration of 3.0. The chemical
25 properties of polymers and yarns are summarized in the table 1.

Table 1

Chemical Properties of Polymers and Yarns

30
Regular BS700F AEG-Blocked BS700F*
Polymer Yarn Polymer Yarn
RV 2.75 2.70 2.74 2.45
35 |AEG (meg/kg) 37.4 34.0 7.7 8.7
CEG (meg/kg) 58 53 68 62
Extractables (%) 0.86 1.07 0.78 0.93
Caprolactam (%) 0.26 0.24 0.23 0.20

40 * AEG-Blocked BS700F was prepared from a scale-up of Example 1.

This example shows that AEG-blocked nylon has much less
extractables and caprolactam increases than regular nylon.

45 EXAMPLE 6



EXAMPLE 5 Spinning of Bright 830 Denier/64 Filament Yarn 20 The nylon-6_
polymer is extruded at 255-270C through a spinneret wth a trilobal 3 ROV 00
cross-section. The extruded filanents are quen- ched in air and taken up at
speed of 300 mm n. The yarns are drawn on a dravvi ng machine at a draw

ration of ti rs and yarns are
sunmar i zefsfenlrighg%fggﬁn%%ﬂ{%@bl H%L rffwél P$ %qf 1%s of Pol ynmers and
Yarns 30 35 Regul ar BS700FAEG Bl ocked BS700F* PoI yner Yar nPol yner Yar n
RV2. 752. 702anmpdizsA 5 r AEGY €dreigiticg 53 Ay 484a di/ i %8 b @aloEs (ningekg)l H8a36882 s
Ext r act abl eg d<)-Om36dr 070. /82193 Caprnl act am £1@1@s 262 %@g@@%@%@o *
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commercially available from C ba Specialty Chemi cal s.)
EXAMPLE 7

.5

Stain Test with C.I. Flood Red 17

20

o1 FD&C Red 40)

from C.F. Sauver Company 1s prepared at 2.5 grams per lite
concentration and adjusted to pH 2.8 with citric acid. Knitted
tube sample is paced in a 10 to 1 bath ratic of Food Red 17 for 5

25 minutes at room temperature. Then the sample is removed from the
bath and squeezed slightly. After the sample is dried on screens
for at least 16 hours, it is rinsed under running faucet of ccld
water until no more that 1s removed. The sample is centrifuged
and tumble dried. The test results are listed in Table 2.

30

Table 2

Compariscon of AEG-Blocked Nylon with Regular Nylon in Stain Test

35
Discoloration (Delta E)
Regular BS700F Yarn AEG-Blocked BS700F Yarn
Food Red-17 18.17 6£.46

40 ynile the invention has been described in connection with what is
presently considered to be the most practical and preferred embo-
diment, it is to be understood that the invention is not tec be
limited tc the disclosed embodiment, but on the contrary, is in-
tended to cover varicus modificaticns and equivalents arrange-

45 pments included within the spririt and scope of the appended
claims.



EXAMPLE 7 Stain Test with CI. Flood Red 17 20 A Sai.ier ' s Red Food

Col or (Col or index Food Red 17 or FD& IC E' L7 40) from C. F. Sauer Conparyh
is prepared at 2.5 grans per liter concentration and adjusted to pH 2.8
with citric acid. Knitted tube sanple is paced in a 10 to 1 bath ratio of
Food Red 17 for 5 25 m nutes at room% enperature. Then the sample is
renoved fromthe bath and squeezed slightly. After the sanple is dried on
screens for at least 16 hours, it is rinsed under running faucet of cold
wat er unWwhhbt inelahmedas:t hat is renoved. The sanple is centrifuged and tunble
dried. The test results are listed in Table 2. 30 Table 2 Conparison of
AEG Bl ocked Nylon with Regular Nylon in Stain Test 35 Discoloration (Delta
E) Regul pr BSAORmARIBARG B aake i B0 aibrERR Y Rd 33 b8 At 46 40 Vi | e
the invention has been described in connection wth Is presently
consi der With eibinge nRETHYSIRoH CarEieT gaMhighoprias & R bl afﬁrbfﬁ’féﬂm it is to be
under st oggi,t hat the invention is not to be limted to the di scl osed

enbodi ment, but on the contrary, is in- tended to cover various

nodi fications and equi val ents arrange 45 nments included within the spririt
and scopg of hemaRRLER 1 ALER theholBleldchadH oﬂhﬂ?%ohﬁco%mtu‘&/ drethod of
processing so d-stat e pol'yam de conprising treatin sal a amde wth
an i ner t aaeti¢ acidydormir acad, gathpropionic e¢idgas whi ch contai ns a gas-phase acid,
anhydride, or amne. 2. The nethod of claim1l1l, wherein the acid is
selected fromthe group consisting of acetic acid, formc acid, and

propi oni & aci @ihe Bethdhhef aiemiRoetheyéin theaicith iRacetibaridi n the acid is acetic acid.
4. The nmethod of claim?2, wherein the acid is formc acid. 5. The nethod of
claim1l1, wherein the anhydride is selected fromthe group consisting %
aceti ¢ afhydr Themethodpl cdain@, whéiyid thecbeid iafotmivaeidi r anhydri de. 6. The net hod
of claimb5, wherein the anhydride is acetic anhydri de.

5. The method of claim 1, wherein the anhydride is selected from the group consisting

6. The method of claim 5, wherein the anhydride is acetic anhydride.

7. A method of processing solid-state polyamide comprising treating said polyamide
with a gas-phase amine is at least one selected from the group consisting of ammonia; methy]
amine; dimethyl amine; ethy] amine; propylamine; 2-propylamine; butylamine; sec-
butylamine; tert-butylamine; pentylamine; 2-pentylamine; 3-pentylamine; hexylamine; 2-
hexylamine; 3-hexylamine, heptylamine; 2-heptylamine; 3-heptylamine, 4-heptylamine;
octylamine; 2-octylamine; 3-octylamine; cyclopropylamine; cyciobutylamine,
cyclohexylamine; cycloheptylamine; cyclooctylamine; 1,1,3,3-tetramethylbutylamine;
diethylamine; diproylamine; dibytylamine; di-sec-butylamine; dipetylamine; N-
ethylmethylamine; N-ethylpropylamine; N-ethylpropylamine; 1,2-diaminopropane; 1,3-

diaminopropane; 1,2-diaminobutane; 1,3-diaminobutane; and 1,4-diaminobutane.

8. A method of processing solid-state polyamide comprising treating said polyamide

with gas-phase ammonia.

9. A method of reducing the amino end group content of polyamide comprising treating

said polyamide with gas-phase acetic acid.



7. A nethod of processing solid-state polyam de conprising treating sal
polyam de wth a gas-phase anine is at |east one selected fromthe @r*otﬁ
consi sting of ammoni a; nethyl am ne; dinmethyl am ne; ethyl am ne;
propyl am ne; 2-propyl arni ne; butylam ne; sec- butylam ne; tert-butylam ne;
pentyl am ne; 2-pentyl am ne; 3-pentyl ai ne; hexyl am ne; 2- hexyl ami ne;
3- hexyl am ne, heptyl am ne; 2-heptyl am ne; 3-heptyl am ne; 4-heptyl am ne;
octyl am ne; 2-octylam ne; 3-octylam ne; cycl opropyl am ne; cycl ooutyl an ne;
cycl ohexyb.am fiae meghodi ohegmyd, aihitraim; theydyanodd iy kreatedweith an inert carrier gas
1,1,3,3-tetranethyl butylamtie; diethylam ne; diproylam ne; dibytylam ne;
di - sec- bEYVHERE ac‘ﬂicﬁé'tdyl anine; N ethyl nethyl am ne; N ethyl propyl ami ne;
N-et hyl propyl am ne 1 2-di am nopropane; 1, 3- di am nopropane;
1, 2-di am nobut i.am nobut ane; and 1, 4-di am nobutane. 8. A nethod of
processi by sol amgiha? gf cﬂm@wmele FATTET B 1t PIEARNOG288P-d pol yami de  with
gas- phase ammonia. 9. A method of reducing the amno end group content of
pol yar ni de corrprl SI treating said polyam de with gas-phase acetic acid.

~ ~ 2. 1IN rqdycing therporpdiclkBd 2PP eQndnhPopolXaedeciomPEiFBE pol yam de
i s treat ggatmgwd?aybrﬂ@u\,ﬂg%gsrﬂgge fA%e. containing the acetic acid. 11. The
nmet hod of claim wherein the carrier gas is nitrogen or argon. 12. A
met hod of reducing the carboxylic end group content of polyam de conprising

treati ngtlaa' dTBer%f'ﬁHa glecié(ﬁntla 9?&%619%%@11% E@ecte%‘?fron;rh@ﬁ%%ggs}{!lsmgfl aim 12,

wherein e amne i s selected omthe group consisti nia;, met hyI
am ne; demepeg] methylpeinepdimethybamine ethyt apine; mmbimnza, Bmawylaamme

- pont yl Sy aBfes AUNAIAS erk b DL K AR, BRI AT Pt Bty 2 e
2- hept yl hfnymllmﬁﬂheptlgmlammzymmlnhéppwlaammé hep;gltaynirani haﬂyla’mmcﬂﬂ am ne;

3-octyla I anne.; | am. ne

cye omeplotSam i oeBRRE ARG ¥ Srfhine, BTURRm RIS BRGINTHES ai ety
fam ne; dycﬂnmyjlanme;e:ycldhdpwmuamcmooctwanse@-1bl,ﬁ,yteanmethylbdy]amn)e lam nv; N "
ethyl met hyl,am ne. (M etaylpuooylamne Net vl propyl am ney

1, 2- di amgyg"pp]o Khar Of%x eofﬂnﬁ REBTopare Py 5E SR ROBIT ane:;

1, 3-di an‘eﬂhphmtlahmmei%@lpﬁpﬁﬂhu& ahehyljrdbpyldmeme2-biathimprophisi 813, wherein

the amineg. i s amoni 5.. A nmet had, .of. C sol | d-stat e pol yam de
conpri si ﬁﬁmB}OPWQf“?%gié"ﬁ’lad"'B%h“&ﬁ?ﬂ%d@am}nﬁ%‘ga"&oﬁﬁ Q%f“ bHi"% gas- phase ami ne
for a tinme sufficient to reduce nononer regeneration rate of the

pol yam d 16, A fiber_ farnmed fram a | yam de .havi ng reduced end group
cont ent , %\'fner Fel‘f’?lmf'll?gg%cda'm oﬁ}ber%‘aﬂ‘teéﬁ‘t‘“e%a'?"@%ﬁed by treating the

polyam de in the solid state with an inert carrier gas which contains a

ANL

as- phase_aci i de,
9 P ? % metp ci'rproces.&ng sollc{nstate polyamide comprising bringing said polyamide
into contact with a gas-phase amine for a time sufficient to reduce monomer regeneration rate

of the polyamide.

16. A fiber formed from a polyamide having reduced end group content, wherein the end
group content is reduced by treating the polyamide in the solid state with an inert carrier gas

which contains a gas-phase acid, anhydride, or amine.

17. A stain- or dye-resistant polyamide carpet fiber comprising a polyamide having
reduced amino end group content, wherein the amino end group content is reduced by treating

the polyamide in the solid state with the gas phase of acetic acid.

18. A fiber formed from a polyamide treated in a solid state with a gas phase acid,

anhydride or amine so that said polyamide has reduced end group content.



17. A stain- or dye-resistant polyani de carpet fiber conprising a pol ya d
havi ng reduced am no end group content, wherein the am no end group- NJ UUL
content is reduced by treating the polyamde in the solid state with the
gas phase of acetic acid. 18. A fiber forned froma polyamde treated in a
solid state with a gas phase acid, anhydride or amne so that said

pol yam de has reduced end group content. ! [ V 110,94 it 19. A stain- or
dye-resi stant pol yam de carpet fiber conprising a polyamde treated in a
solid stae WaldhiR dofafe- ﬁlﬁh@t&@t p@@iaﬂlude&ﬂ@ymﬂedamqynsagiarpelysmldbhaﬁtecsﬁniad

pol yam de has reduced lgr p.content. 9‘6 The fiber of claim18 or 19,
wher ei n $HI stats with 3 835 @&‘eta@ 3 bf?ﬁ%?éaf@wsa?) lo¥4 Rofyappedias redpcstliepd o g,
form c aglydp caghtpropi oni ¢ acid. 21. The fiber of claim18 or 19, wher ei n
the acidis acetic acid. 22. The fiber of claim18 or 19, wherein the
anhydride is selected fromthe group consisting of acetic anhydri de,

pr opi oni gy anh I 18 or 19,
wher ei n ??1 Ftﬂé i‘gé?- galgign %ﬁlggwgégﬂxgha% . %%Ctegtg%ﬁ Epg{ogﬁzogglfﬁ%m{ 8 or 19~
wher ei n amcaﬂﬂrfenmsatsélae@p@dwﬁm@mdt he group consisting of amonia; net hyl
am ne; dinmethyl am ne; ethyl am ne; propylam ne; 2-propyl am ne;

butyl am ne; sec-butylam ne; tert-butylam ne; pentylam ne; 2-pentylam ne;

3- pent yl aii neThe fiboryl alaimn &8 or29helkertiathieraeld i8adexadidam ne, heptyl am ne;

2- heptyl am ne; 3-heptylam ne; 4- heptylam ne; octyl am ne; 2-octyl an ne;
3-octyl am ne; cycl opropyl am ne; cycl obutyl am ne; cycl ohexyl am ne;

cycl ohepeyl arrﬂheﬁber)péblainct&daralm whereii fh, th;Bkiﬁetsrsalmemﬁbxblﬂ’iq,gram ne;

di et hyl am ro ne di but yl a ne; di petyl am ne; N
et byl et RPa R R asanls AR R SR AR e

1, 2-di am nopr opane; 1,3- diam nopr opane 1, 2- di am nobut ane

1, 3-di am,pobu 4- d| obhut.an of claim18 or 19,
wher ei n tfe a#ﬁﬁgb?rs"?dlﬁ%m%f perﬁ*ﬂg’efair‘w%%fsaﬁTtﬁlaﬁ‘F&%dBr 19, wherein the

polyam de is treated with an |nert carrier gas containing the acid,

annydr gy Of BILNS or2lim 10 5! DR 9T h T B BN AIE SALMAET 9% 19

of ammonia; methyl amine; dimethyl amine; ethyl amine; propylamine; 2-propylamine;
butylamine; sec-butylamine; tert-butylamine; pentylamine; 2-pentylamine; 3-pentylamine;
hexylamine; 2-hexylamine; 3-hexylamine, heptylamine; 2-heptylamine; 3-heptylamine; 4-
heptylamine; octylamine; 2-octylamine; 3-octylamine; cyclopropylamine; cyclobutylamine;
cyclohexylamine; cycloheptylamine; cyclooctylamine; 1,1,3,3-tetramethylbutylamine;
diethylamine; diproylamine;dibytylamine;di-sec-butylamine; dipetylamine; N-
ethylmethylamine; N-ethylpropylamine; N-ethylpropylamine; 1,2-diaminopropane; 1,3-

diaminopropane; 1,2-diaminobutane; 1,3-diaminobutane; and 1,4-diaminobutane.
25. The fiber of claim 18 or 19, wherein the amine is ammonia.

26. The fiber of claim 18 or 19, wherein the polyamide is treated with an inert carrier gas

containing the acid, anhydride, or amine.

27. The fiber of claim 26, wherein the carrier gas is nitrogen or argon.



