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As a result, polyamide 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.

Polyamide fibers dye easily with acid dyes. Consequently, 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 consumer 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. Accordingly, it is desirable to

T IRTARIAR

*G00002*
*159159+* 2



15 away with one or nore shanpoos). Another way to nake stain- or

dye-resi stant polyam de carpet fibers is to reduce the nunber of am no end
groups i nwolg/ogwlilyan de yarn. Methods have been devel oped RGI/ERYQ6®3t he
am no end 20 group content of polyam de fibers by adding am no end group
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whi ch t hegs ipven g@glpgtrgﬁ{ ResibfesdLding to the present invention there is
provided a nethod of 20 processing solid-state polyam de conprisi ng
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sai d pol yam cempileh gad-mphasecanemdianl pnbyess dor Phedpuingarhdesameated in
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It is an object of the present invention to. provide stain- or
dye-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.



Further according to the present invention there is provided a ' method of
reduci ng the carboxylic end group content of polyam de conprising treating
sai d pol yw@ @é4%iit h gas- phase am ne. Redu45 ci ng the car boXI/ERO1&GED3gr oup
content reduces both the rate of WO 0210.s61 PCT/ EPOL /06603 4 nononer
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pol yam de_ to reduce the nunber of carboxylic end groups in the | yam de.
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-chloride pQlakhod of reducing the carboxylic end group content of polyamide
comprising treating said polyamide with gas-phase amine. Redu-
45 cing the carboxylic end group content reduces both the rate of




20 mer, or vinyl chloride-vinylidene chloride copolyners. It is comon
practice to use fillers such as cal cium carbonate to reduce | atex costs.
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(BS700F ava|1 %ﬁg EZ‘(@%%; %péorgg%?afaﬂoﬁggﬁ%%n%'&%hg r?\ﬂ-‘)ﬁgﬁersey havi ng
an ani no end iﬂ‘ﬁ 3 t M™%t 36.5 meq/kg is placed in a reaction chanber.
The reaction chanber is imersed in a silicone oil bath at about 165 C. A
preheat ed nPervegedegasutiorila fiomguseein checinverdion areajmse 1BBtGemt ers
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tﬁp mf;f the shavenicl B Pylﬁeﬂ@tc%htﬁiﬁ-ﬂ'lg tﬁe\&ntlaé ehaiul® DOoMEyRf afiBAgt LD, TL he
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content of rpérgrgl%%l%te Ph | S%%Qgﬁfesa : QB%@% EQ%%E&%%eZEQﬁ%$aWS of
dul | nyl on ﬁFﬁ'“B ﬂaﬁ‘ﬁldgs Yo New
Jersey) havhd a&‘nPﬁoawC@%&Bnb‘brﬁcéﬁ‘t B8F W17 afed/ REPIIYMSrAGRELPR a
reacti on chemdbrct Threm3@ixtweartsi ofi ¢lamiyes hrdiddverbedylic adcidsi conkawi |
bath at abotdmsl65 C. A preheated nitrogen gas containing acetic acid vapor
at about 165 C ent ers the reaction chanber fromthe bottom The excess gas

o bee ”ﬁ'{’}é B Inld& ‘i'i&%'fﬂaé AP 8 Y‘Ex%]‘éf e#)s%?onpg 0130k M}E‘l hour s

reacti o ur e 5 C for
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about 4 hou‘i“élonl'ﬁé6 ?me ﬂ\y §F‘8h ? i ?yé £ 3 -
40 About 2200 Qg &Fs BYLent§/ori cnﬁ}%nﬂchmfl%’lss’éboe&'é%. 4 aéb| énfir om BASF
Cor por at 85ngcovimer@ pyepiNawedetbeygothayvPagvamidas genentsqgrieup cont ent of
11.5 meq/ kgedgo1pmagedof Myl dre &C birOfly K1Y 6r and e ny@aat salt ebaabiaedilsy
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From the borTiHA PRt 3 L0 3 %lé?%%*’%i% i b, 8 : ercf‘ﬁ[‘ﬁe;
water trap. Yt &8 QBESG‘PE’?W o) e Ve i gﬁxy e %ﬁﬁﬂb‘é‘? EHS% th
Jure 40 minomethylcyclohexane. Preferred polyamides are nylon and ny-

lon 6/6. Nylon 6 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, varns, textile fabrics, and the like.



WO 02/ 04561 PCT/ EPOL/ 06603 7 nitrogen at about 165 C for about 4 hours. The
content of am no end groups is 6.1 neq/ kg. EXAMPLE 4 5 About 22.0 grams
of bri ghtwaybmesséchi p (BS700F avail abl e from BASF Cor por at iPSA/ERBU603 O i ve,
New Jersey) having a carboxylic end group content of 59.0 neqg/kg is placed
in a reaction chanber. The reaction cHanber is inmersed in a silicone oil
bath at abdubei1f &) He fArpeeheat=anhjanmiig atr@amoaifﬁémuiol%ﬁlﬁbeﬁm t he
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(meg/ kg) 37.434 cBRe? 83 RARGacreyd keg 3R53B8axmtliagcfaphiesn. If desired,
(9 0. 861. 0 he7 3arP3Capiolbac iant o ) ihrA60f 3drp230 t20ed) Wi tAEGrBhdekat BS700F
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yarns are ax 5aekedpanthdpyednt N B/ 1dhY epol k@, | @8dM UMRS cakBet may be
25 foam backed or 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 coloration. Alternatively, the polyamide may be
colored in the melt prior to fiber formation (i.e., solution
dyed) using conventional 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 procedures des-
cribed below are used to measure the stated properties.

Y 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 phenol-methanol mixture
(68:32). This solution is titrated with about 0.20 normal HCl at



15 commercially available from C ba Specialty Chem cals.) EXAMPLE 7 Stain
Test with C I. Flood Red 17 20 A Sauer's Red Food Col or (Col or |Index Food
Red 17 or “B&EREY 8§ 40) from C. F. Sauer Conpany is preparedPSI/EPONOe0O3INS per
liter concentration and adjusted to pH 2.8 with citric acid. Knitted tube
sanple is paced in a 10 to 1 bath rati® of Food Red 1.7 for 5 25 ninutes at
room t enperadoutes THerpyt hersberp iomes ri e Mt df, r whetdisn bdeh eadpbsgudezed

slightly. Adteiknihed I etesp dfdwhtanl sti@ensef,or at | east 16 hours, it is
rinsed under running faucet of cold water until no nore that is renoved.

The sanple j.s cen rif nd dried. The test results are listed in
Tabl e 2. 3(##58?% &%ﬁ%ﬁ%né%‘f@@e Bl ocked Nylon with Regular Nylon in
Stain Test 35 Discoloration (Delta E) Regul ar BS700F Yarn AEG Bl ocked

BS700F Yar ihRogdrRedviic ¥2d]1groumsaontenhi e ddtermpvedthonilsaslpiorn 0.30
descri bed igh ofomrhechoDmen tih whait 140 pLesErddngyaonsesiesiectd asbe ¢ .he mrest

practical apduRksheis ad wahad ¥R abolti 6.4 n@%mamderﬁitqqd abf8hidh ey -
i nvention Icﬁ' gt(ﬂle %t b§\0°| 'Cmtgegbé&: %% CE Soy | AL agg@& mgﬂ{qdmw&lge

contrary, is inte oyer _vari qus ént’s

arr ange %5 3Rt § n%?‘?ﬁ?eldl e ‘?’W&ngﬂr%’}ﬁat E Spsg%b%ntolla ﬁBcﬁ?)?J%‘?ered

cl ai ns. WO 0210.5GL s We claim PCT/EPOL/ 0603 1. A nethod of processi ng
sol i d- st at ExpaPyBnide conprising treab ting said polyam de with gas-phase
acid, anhydride, or amne. 2. The nethod of claim1l1l, wherein the acid is
sel ected f rA@)’Butth§2 96 %&%n&o'a%' ﬁﬂcﬂgc %E/léﬁeéﬂfp a(%'sdooi‘oéxfﬁﬂa%%dfr&@%zxsr"

propi oni od_ of eiln the.acid Ls acetic
era. 8. BrtoRerRbicny M 5521‘76 o8 Fo P a R RY T oL EPa R e

met hod of cqoé‘ltﬁf‘i bt el Meff gaﬁﬁf&ﬁicaﬁ 13 % SPaCtaor fTembeRe gfR%up
consi sting nsRcAden; ehamtgrdipdenmersssi éni @ wiRreredeil dirdmaterbentari®pdri de.
6. The net tod af peeheands niheogem dase canbyidrinde acstbc eidiad 28pantardrakde. 7.

The met hod @it @ks? it lentthier €h8 #diR taBhNehdreielEechethd HPbie OfQlRx-

consi sti gy c@szsagggné ol fz%m @%opdbﬁeﬁmlch%%@f,n%m wabLPCrap.

propyl am nPAft ‘881){ afg riw‘urs oy raergcrt]:?bn, (ile chamber is purged with pure
nitrogen at about 165° C for about 4 hours. The content of amino
end groups is 7.0 meg/kg.

25 EXAMPLE 2

About 22.0 grams of dull nylon chip (BS410F available from BASF
Corporation, Mount Olive, New Jersey) having an amino end group
content of 29.7 meq/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 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

35 nitrogen at about 165° C for about 4 hours. The content of amino
end groups is 6.4 meq/kg.

EXAMPLE 3

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

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



25 tylam ne; tert-butylam ne; pentylam ne; 2-pentylam ne; 3-pentylam ne;
hexyl am ne; 2-hexyl am ne; 3-hexyl am ne, heptyl am ne; 2-heptyl am ne;

3- hept yl arﬁ'ﬂé’,z’“ifﬁﬁept yl ani ne; octyl ami ne; 2-octyl anine; 3- #CTEPaNDGER3

cycl opropyl am ne; cycl obutyl am ne; cyclohexyi am ne; cycl oheptyl am ne;

cycl ooctylamne; 30 1,1, 3, 3-tetranet hyl7butyl am ne; diethyl am ne;

di pr oyl am net i dgeny pankpeutdi16$58 cC biry |abeufed kpyet.y| Fheneontent of amino

N- et hyl net hgh@anmreepsNi et eyl preaptbam ne; N-et hyl propyl am ne;

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

1, 3-di am nopgt.ane: ,and 1, 4-di am nobutane. 35 8. The method of claim7,
wherein the amne i's ammonia. 9. The nethod of claim1, wherein the

pol yani de®is treated with an i nert carrier gas containing the acid,

anhydri de, Bpowo 22ni0nerang ofrfaipbt el cBiRi MY 00khaveitek}re frarr BRFF gas
i S nitrogencorp@ragdon, 48ouniN01ARE0. B&GCL REEYEPGEY IEGER3 cafbdAyl ik metihod of
reduci ng t hgr&up nentRdt 96O WD .@OREENkg Of s Rakyadl (e £eRFREL sbiHamdaki. ng sai d
pol yam de W 033 ARASEn&RId) Q6 RAYAdISy & 2ilieontNs; Mbdar & apbagi m 11,
wher ein Belg,%g I sAseI eehceg‘_ietq3 from tpae#rso%@ consi S_I:[GISQQC of acrest |tgea_c| d,
formic atrd;"an .'DFORPIC.)I’]IC &G RIS ARE 35t A0 0 %1 af T AT SwhiBfei n t he
acid is aceFPRcH@™ chamPey. frafe thet ROt W cFBEnTHSESSWHEF efFCRRAE 4EPR i s
form c aci dthastorTied hehckprdfercinkem a4 Wabfireteam- t A€ tgnhgberded dovekect ed
fromthe grefipreadtdiont, i bige cdhatetri ¢s aminutd déth prups eniteodén aathytboude, and
nal ei ¢ anhydgsdey £16. adber NPiphees of @i@lc@h;gntwrc@rmokyﬁiamg&e@pé Sis
acetic ag?ygélgqne qﬂ. A net hod of reducing the carboxylic end group
content OF polyamde Conprising treating said polyan de wth gas-phase

am ne. 18. The nethod of claim17, wherein the amne is selected from25
the group cBRAYERE gy of anmoni a; nmethyl amine; dinethyl amine; ethyl anine;
propyl am ne; 2-propylam ne; butylam ne; sec-butylamne; tert-butylam ne;
pent yl am negp2npiaif WraBrdeht Bpeneyl ani s rihanyghanidye; 2- hexyl am ne;

3- hexyl agyne, heptyl am ne; 2-heptyl am ne; 3-heptyl am ne; 4-heptyl am ne,
octyla 30 n&‘gg’nyzfo%q%yl g gr .i%_ %(}\t‘:%ln?e réﬁ:’[ 2%!%%%%%&?&“1{‘% spinneret

cycl obut yl am ne;” cycl ofexyl ani ne, cyclo ylam pe;” CycC o%ctyl R ne;
1,3,3-1 etwamt%#wpif?FAW%S-&FSPKWarﬁ%%e;exargf EIFRERES RS, (BRRRe:

di - sec- but yFaad nin adirpeng| baiee WPNaEt $8Aefe Ofy B AR MEnioN- BhayYHIEDWAEEM ne;

N- et hyl pr opsitawm ey al d2adisgrinech3bepaopaniawl p8t thramifndpp opehee ;chemical

1, 2- di anpBOpHbBEE: i ek, 3 dhaIymEHU bAEeyadn aHea Funtdtiizade in10he T 1ELDOd Of
claim 18, wherein the amne is anmonia. 40 20. A nmethod of processing

sol i d- st at eTgl(%)i% m de conprising bringing said polyamde into contact with
a gas- phase rd,” anhydride or amine for a tine sufficient to reduce

nononer
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/kq) 37.4 34.0 7.7 8.7
CEG (meg/kyg) 58 53 68 62
Extractables (%) 0.86 1.07 0.78 0.93
Caprolactam (%) 0.26 0.34 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



' regeneration rate of the polyam de. 45 WO 0210s61 PCT/ EPO1/ 0GX03 11 21.
A fiber formed froma polyam de having reduced end group con tent, wherein
the end gvowpoeentent is reduced by treating the polyam d@CTERH6683)| i d
state with the gas phase of acid, anhydride, or amne. 5 22. A stain- or
dye-resi stant pol yam de car pet fi ber c®nprising a pol yam de havi ng reduced
end group (neiegt Canpetr dlarnshef eExhrgrleup ebti exetidl Byeeduced by treating the
pol yam de in the solid state vvith t he gas phase of acid, anhydri de, or

ami ne. ﬂz%n%fieé%iﬂg d49n4§ o08: fh ARLRLY- A%fejd
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Stain Test with C.I. Flood Red 17

20
A Sauver’s Red Food Color (Color Index Food Red 17 or FD&C Red 40)
from C.F. Sauer Company 1is prepared at 2.5 grams per liter
concentration and adjusted to pH 2.8 with citric acid. Knitted
tube sample is paced in a 10 to 1 bath ratio 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 cold
water until no more that is removed. The sample is centrifuged
and tumble dried. The test results are listed in Table 2.

30
Table 2

Comparison 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 while 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 to be
limited to the disclosed embodiment, but on the contrary, is in-
tended to cover various modifications and equivalents arrange-

45 pents included within the spririt and scope of the appended
claims.
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{@ ()-! 10'6¥ﬂ% thod of clalmog\/whé%e%g @ﬂe adid 1s acetlc acid.

4. The method of claim 2, wherein the acid is formic acid.

15 5. The method of claim 1, wherein the anhydride is selected from
the group congisting of acetic anhydride, propionic
anhydride, and maleic anhydride.

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

7. The method of claim 1, wherein the amine is selected from the
group consisting of ammonia; methyl amine; dimethyl amine;
ethyl amine; propylamine; 2-propylamine; butylamine; sec-bu-

25 tylamine; tert-butylamine; pentylamine; Z2~pentylamine; 3-pen-
tylamine; hexylamine; 2-hexylamine; 3-hexylamine, heptyla-
mine; 2-heptylamine; 3-heptylamine; 4-heptylamine; octyla-
mine; 2-octylamine; 3~octylamine; cyclopropylamine; cyclobu-
tylamine; cyclohexylamine; cycloheptylamine; cyclooctylamine;

30 1,1,3,3-tetramethylbutylamine; diethylamine; diproylamine;di-
bytylamine;di-sec~butylamine; dipetylamine; N-ethylmethyla-
mine; N-ethylpropylamine; N-ethylpropylamine; 1,2-diamino-
propane; 1,3-diaminopropane; 1,2-diaminobutane; 1,3-diamino-
butane; and 1,4-diaminobutane.

35

8. The method of claim 7, wherein the amine is ammonia.

9. The method of claim 1, wherein the polyamide is treated with
an inert carrier gas containing the acid, anhydride, or
40 amine.

10. The method of claim 9, wherein the carrier gas is nitrogen or
argon.

45
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20 17. A method of reducing the carboxylic end group content of
polyamide comprising treating said polyamide with gas-phase
amine.

18. The method of claim 17, wherein the amine is selected from

25 the group consisting 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, hepty-
lamine; 2-heptylamine; 3-heptylamine; 4-heptylamine; octyla-

30 mine; 2-octylamine; 3-octylamine; cyclopropylamine; cyclobu-
tylamine; cyclohexylamine; cycloheptylamine; cyclooctylamine;
1,1,3,3-tetramethylbutylamine; diethylamine; diproylamine;di-
bytylamine;di-sec-butylamine; dipetylamine; N-ethylmethyla-
mine; N-ethylpropylamine; N-ethylpropylamine; 1,2-diamino-

35 propane; 1,3-diaminopropane; 1,2-diamincbutane; 1,3-diamino-
butane; 1,4-diaminobutane.

19. The method of claim 18, wherein the amine is ammonia.
40 20. A method of processing solid-state polvamide comprising
bringing said polyamide into contact with a gas-phase acid,
anhydride or amine for a time sufficient to reduce monomer

regeneration rate of the polyamide.
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