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t han In accordance with the invention, a process is provided for makmg an at least about 85% poly-

45 (hexamethylene adipamide) yarn having a tenacity of at least about 7.9 cN/dtex (9.0 g/d), a dry heat

shrinkage of less than about 2%, and modulus of at least 26 cN/dtex (30 g/d) from a drawn, partially-drawn,

or undrawn feed yarn. The process includes drawing the yarn in at least a final draw stage while heating the

feed yarn. The drawing and heating is continued until the draw tension reaches at least about 3.3 cN/dtex

(3.8 g/d) when the yarn is heated to a yarn draw temperature of at least about 180 °C. The tension on the

50 yam is decreased after drawing sufficiently fo allow the yarn to decrease in length to a maximum length

decrease between about 13.5 and about 30%, preferably between about 15 and about 25%. During the

relaxation, the yarn is heated to a yarn relaxation temperature of at least about 190 C when the maximum
length decrease is reached.

In a preferred process, the heating during the relaxation is continued for a duration sufficient to cause

55 the yarn to have a crystal perfection index of greater than about 83. Preferably, the decreasing of the

tension is performed by decreasing the tension partially in at least an initial relaxation increment to cause

an initial decrease in length and then further decreasing the tension to cause the yarn to decrease further in

length to its maximum length decrease in a final relaxation increment. In a preferred process, the yarn
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i fvent i ondectéese the shrinkage below about 0.3% and still maintain high tenacity and high modulus and thus a
-/ 40 preferred shrinkage range is between about 0.3% and about 2.0%. For yarns of the invention, shrinkage
tensions are exceedingly low at typical temperatures of use since maximum shrinkage tensions do not
occur until close to the melting point of the polymer, i.e., greater than about 250 *C. Maximum shrinkage
tension is preferably less than about 0.33 cN/dtex (0.37 g/d) and most preferably less than about 0.26
cN/dtex (0.30 g/d). Shrinkage tension levels in yarns of the invention can be as low as about 0.13 cN/dtex

45 (0.15 g/d) or less. Growth of preferred yarns is less than about 9% and can be as low as 5% or less.

The combination of high tenacity, low shrinkage and high modulus in yams in accordance with the
invention, as well as other useful properties, are due to the novel fine structure of the fiber. The novel fine
structure is characterized by a combination of properties including a crystal perfection index (CPI) greater
than about 83 which has not prewously been observed in polyamide fibers. A long period spacing greater

50 than about 105 A is also characteristic of the fibers of the invention. A normalized long period intensity (LPI)
of greater than about 2.7 is observed in preferred yarns in accordance with the invention. The apparent
crystallite size (ACS) is very large, preferably greater than about 62 A in the 100 plane. Preferred yarns of
the invention have a hlgh density of greater than about 1.15 g/cc and values of birefringence which are.
greater than about 0.056. Preferred yarns have sonic modulus values which are greater than about 80 g/d.

55 It is believed that the fiber fine structure functions as follows to provide the combination of high tenacity,
low shrinkage, high modulus and other excellent properties. In polyamide fibers, there are at least two
phases which are functionally connected in series and which are responsible for fiber properties. One of
these phases is crystalline and is made up of crystals which are effectively nodes in a highly one-
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Referring again to the Figure, the drawing of the yarn Y in draw zone 16 of the process illustrated
begins as the yarn passes in a serpentine fashion through a. first set of seven draw rolls identified
collectively as 18 and individually as 18a-18g. These rolls are suitably provided by godet rolls which have
s5 the capability of being heated such as by being internally-heated by the circulation of heated oil. In addition,
the rotational velocity of the rolls is controlled to impart a draw of typically .5% to 1% to the yarn between
each successive roll in the set of rolls to draw the yarn slightly and to maintain tight contact of the yarn with
the rolls. The yarn Y is pressed against the first roll 18a by a nip roll 20 to prevent slippage.
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y ustrated in the Flgure, the relaxation in the preferred process illustrated is performed initially by the

mcremental relaxation on the third roll set 28 the rolls of which are heated to about 150-215°C . The yamn

* then passes through relaxation ovens 32 and 34 capable of providing maximum oven temperatures of at
least about 300 ° C during which the maximum relaxation occurs.

Achieving the necessary yarn relaxation temperature depends on the oven temperature and residence

s0 time of the yarn in the ovens. Preferably, the ovens contain air at temperatures in excess of the yarn

temperature by as much as about 130°C for effective heating at reasonable process speeds. For the poly-

(hexamethylene adipamide) yarns of the invention, preferred yarn temperatures are bstween about 190 and

about 240°C and the oven temperatures are preferably between about 220 and about 320°C with a

residence time of between about 0.5 and about 1.0 seconds.

55 After the yarn passes through the ovens 32 and 34, yarn Y then passes through a fourth roll set 36 of 3
rolls {36a-36¢) in a serpentine fashion with the yarn Y being pressed against the last rolt 36¢ by nip roll 38
to prevent slippage. The surfaces of the fourth roll set 38 can be internally cooled with chilied water to
assist in reducing the yarn temperature to a level suitable for wind-up. The yarn is retensioned slightly on
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30 Referring now to the Figure, apparatus 10 is illustrated which can
be enployed in a process of the ||§|ygr3§¢gﬁ§p make yarns in accordance with
the invention from"fully" drawn, partially drawn or undrawn feed yarns.
Wiile a single end process is shown and descri bed hereinafter, the process
i s di r ectrdlhs6anpirder dbbreduce a atabia ininhipy gane Bl 4¥bio e=pS on Rl \866. The mav\&raﬁhﬂ&f is @hus

mul; t i, pl i detenmingt by dhevelpeityrditeredes bietveemihb drsexdll 28 of tprtigMdaolo0 208N the/lirét oll 362
referencé’”l’?)fOF'FfEmﬁ%@ﬁe feed yarn Y is led froma supply package 12,
passed 35 tﬁﬁeblawgdh%famaam g 3¢ of theepragess theomnrYois fadl| tyowghta varh sudad treavhents a
draw zdné&oed@nthichjcaryin méwtqr cerjgt (A9 ehawnhie commingle theryam tilamets,\e finisin eppliditor f eed
yarns ar &% 2 gl ’Eﬁafﬁﬂ"isé%@@)éﬁﬂ' At R @ingwe steten ot showw)t theymeiltinkaendelr aw
stage as °{/\Xfm 5'88’8??8 “PrBPtB %’Fﬂgeﬁf@'?%‘fpﬁmﬁ'é’r”dﬁi’e drawi ng and heating is
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for differing feed yarns. For exanple, a total draw of 5.5X or nore with an
initial yeseRERbODY aw st age may be necessary for undrawn yarns while a draw
of 1.%s173X may be suitable for "fully" drawn yarns. Partially drawn yarns
may be dicowditiéningsonme i nternediate ratio. In the drawing of all the feed
yarn types, the tenacity during the final draw stage, if neasured,
general ly vHabHage@Byamsn@ree@ammed bETaél teSfing Lidtaa Icbd1 @ Holis tin @l55% @BRAGLILNve Qﬁmna:ty,
typi cal 7410 42yF(a3r awn° G) atmosingreabd mbasii@duider SOy cdndifons uiléss dthemise didatddl . O
cNdtex (10.5-12.5 g/d). In the final draw stage, the drawing is preferably
pevfor nefelptivej Visgosient s as the yarn i s heated. Drawi ng can be begun on
heated rolls with a series of successive drawing steps. Due to the high
t enper at ur &9lafg Ygeosity Jelgegtonhe fatiohef wwjutign arshadivent viscosiNes| reeastredhiroat caBillddy
cN dt ex %°°8‘° r/ %ES Hofecelpnbis foralg asid sanfajiifio 4% toh avelghtiohwater. Theblution éscB498bi h
heat i Y %{?f“B ide Aol mprsdigsaivadiin e polveRled- ai r oven, with an infrared or
m'crovvavB gater, etc.,  with heating in an oven bei-ng preferred. Referring
againto Fi gure, the drawi ng of the yarn Y in draw zone 16 of the
process i | Indsbe &t fidard *'Q,V s I &L} R lofrRG e Bt i
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whi ch hawgd @e' tﬁf} %&UF ‘él ng&{]eat ed such t%n ‘i?‘c gt g © measure
i nternal | y-heat ed by the CI rcuI ation of heated 0| I I n addltlon, t he
r ot at i onsénsii€prpetiys:0f the rolls is controlled to inpart a draw of
typicadly .5%to 1%to the yarn between each successive roll in the set of
roll's to diewid Prepeytias (Tesdcity] IElohgatioh el bilesk 418 iMabiRdsRarb im@h¥ured @8 exeribe@ by LifkGugar n
Wi th t hePatat Ng. 4.5PMmds4yatrcnl. , lins 6 et Brllind®athe Siisclbdufd df iwhizh isl Hteby ABepdatecibyi P
rol | 20 weferepeeevent slippage. 4 EP O 423 808 Bl Yarn Y is then forwarded
to a seconditisbmodpis isfdstomined frdmaive slapb ofsa i alrelA tangdniial o the Einiiiairt svsigietink Yokigat ed
ang-t e ¢f dheastiopmalfain,autvecThey'ingil" \siwdightiing gortianris definbcbab the mirdightlihey pdrifon tstating iar St
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Toughness:

Toughness is calculated as the product of the measured tenacity g/d and measured elongation at break

50 Dry Heat Shrinkage:

Dry Heat Shrinkage is measured on a Testrite shrinkage instrument manufactured by Testrite Lid.
Halifax, England. A ~24" (61 cm) length of multifilament yarn is inserted into the Testrite and the shrinkage
recorded after 2 minutes at 160°C under a 0.04 cN/dtex (0.05 g/d) load. Initial and final lengths are

55 determined under the 0.04 cN/dtex (0.05 g/d) load. Final length is measured while the yarn is at 160°C.



5 and the second roll set 22 (between roll 18a and roll 22a) can be varied
to draw the yarn as it advances beigpaf gggtégg ets of rolls. For undrawn feed
yarns, arrajorlty of the draw, e.g., 2 is usually performed in an
initial "space" draw area between the first and.second roll sets with only
noder at e o$hrinkagectensionr of the first roll set 18. For "fully" drawn feed
yarns, substantially no drawis typically inparted to the yarn between the
first and sedbmuarimin shickage EBsiemand2® tampbrative af maxdunt shlihkageetensiod aamedsdred as
bypassed i flesefbed frel.Sq Baterd [4:34H@AGhcdl.t 11; linea & fte)|33.t the digslostleeot yéiich ist incapetpitedt tye
nip of rol 'Iefs?’eﬂ'é?a Iy fhig methedoa d8 teambloersis Meated in areoven ghgerfoper rifiut ml thartensiam és

avoid slip %“’%Ia?q H pogipst dampajalyee. tommbtaini & fensjondereperatwen ecish dheallvirg sehrlesl d
be drawn a the, meling,paint f Iy YAHH@E055 T BilatThe FRmpergtureadt Imasipyny shrinkage
exper i ence'ﬁ"sﬁf%)‘ ?M@“’Bf Ekags,tepsionqorifion gre @ad disgethy ff 1of ther teasispiampataturees s
t han " Pawn f eed yarns. Usually, for all feed yarns types, the
second rolém 22 is used to heat the yarn by conduction in preparation
for the fi drawi ng at el evated tenperature, 15 e.g., roll tenperatures

of typicallytabmdl ardvRi $u88ondt t toh ar n rr\glnl sert1 , 2,
the yarn Ylnlﬁé:’rtieﬁ tR ul%dehﬁa ﬁ?}{%ﬁ %{iﬂd&ﬁrﬁan@f h fgI L ?0%8 t{ndgera

respect ksved.y eNdii @0 gfefidad ¢hé Gi6wt QchI
provi de oven terrperatures of at | east about 300 C T e i naI draw st age

whi ch achi eves t he maxi mum draw of the process is perforned in the heated
draw area. The residence tine and thel r,fﬁﬁérdture of the ovens is such 20
that the yamyY is heated #%oGaowthast -abeuwH--130J ar nlogC but the yarn

t enper atur e cannot exceed or approach ther[&ol yam de nelting point too
cl\agsely. To acconplish the heating effect y, the oven tenperatures may
exceed the rn tenperatures by as nmuch as 130[err]C or nore at typical
process sp‘@%ﬁﬁﬂ%'-(f)tsdheftnh'ée'\stblaﬂef%WM@WD6#@!@1@1 leg¥i-de) yarns of the

i nventi on, Ereferred yarn tenperatures are between about 190 and about

240[ errf 5C ven terrper atur es are preferably between about 220 and
about 320 C i of between about 0.5 and about 1.0
seconds. ar?"?? e'?'n 'tef ° sarrvs iop §’° %‘F%aﬁ'é’d" °t“ﬁé“ d descaedt he
first roII g&: 0% lfegf;@?g §f°§?'d' 5 '}dsef‘leQ) °° fling BRa the
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first rol lin Ssimnoas nﬁbglssrﬂfa%gdﬂrf dnﬁ
This first roll 28a in the thrrd ro set mar end of the draw zone

16 sincs, XARdyi Haganidiérs Crystal P&ﬁétl&ﬁﬁﬂé)@hﬁddﬂpan%ﬁiéryst&lh@ siRl ocity of successive

rolls of roll set 28 decreases by between U.5-1.0% as the yarn advances.

Thus, a rel aGmstal qarfatioreinddx dnd cappdrent @6/Stallitef3iz6 htrd Gerlbm iirgdaigastion dkdny, 1Y

the nuner akffrdelon peitgmina fiabrs rop lthes Bampokitions e chadofazsdi BN WHOBIEMIdéht ebiliforiMaX-ay | S
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pr ef er abl ynsBrentse Malwain, tN-J1.5cag 5no. PV OFEENG)Iin PlogtionT impde ausing & diffeated-teaghu monrg
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rel axatlo %ﬁ‘}n{] h podul us and I ow growth in the product, a small
t ensi on"sho t§ " s Hm'B?‘fe't he yarn, typically above about 0.09

cN dtex (0. “gﬂ‘éo § ion is preferably perforned in increnents as
the yarn is t,_g htA-EQIfze I;f rg'l tel axation can be 40 perforned on heated
roll's and a i'i%tﬁ RJQHIS é‘fe&tlﬁn ﬁldé(e’efnh %Bc%al?gn ﬁ.ﬁl gs%ll'eﬁ\)éﬂ% tl?e dli?l’a& Qn s\gt hl n
the i Nighi BhocksShcth?h bMbule BlogBRhat o ey @?ﬁa% AN
during th(ﬁ,cgﬂonﬁgndrhg; gxation increnent non- cont act at I ng

preferred, pmehetpbifmaction nsasursnidnt oflcﬂrsfahﬁtyﬁﬁ 86 RYICE MR GRS %opo]ynﬁrsrb?% lahtPe
during nylon is the Crystal Perfection Index (CPI) (as taught by P. F. Dismore and W. O. Statton, J. Polym. Sci.
Part C, No. 13, pp. 133-148, 1966). The positions of the two peaks at 21° and 23° 29 are observed to shift,
55 and as the crystallinity increases, the peaks shift farther apart and approach the positions corresponding to
the “ideal” positions based on the Bunn-Garner 88 nylon structure. This shift in peak location provides the

basis of the measurement of Crystal Perfection Index in 66 nylon:



rel axation is continued for a duration sufficient to cause the yamto have
a crystal perfection index of gre€|; bout 83. 45 As illustrated
in the Figure, the relaxation in The pre erred process illustrated is
performed initially by the increnental relaxation on the third roll set 28
the rolls of which are heated to about 150-215 C . The yarn then passes

t hrough rel axati on ovens 34 Heiter)osbaisinerif) pr dvi di ng maxi num oven
tenpPératures of at ¢BRSE: about-300.Leccl. C during_whichqphe maxi mum

rel axation occurs. Achieving the necessary yarn rel axatlon tenperature
depends on the oven tenperature and %d8%ence 50 tine of the yarn in the
ovens. Preferably, the ovens contain air at tenperatures in excess of the
yarn t er‘rﬁ’é‘?ratd(?k"éf) BRd ignes) are the Bragh (sl spacipes far theypeaks 4t@8t anvde21h gresppaiigehatand the

r easonabldgnopingioe 84818 dhayvalue oy d(10R)KA(Q8) ELW ¢lhreystatieadi 6| nyive aadénodied kicBumandis of
the i nverﬁarnsfn("'%r RayerSoef-onderin Atanife 1947 AR sauialentiad meertsefaguation based @n 2bout
240[ er’P] ¥'%8d>t he oven tenperatures are preferably between about 220 and
about SZ%EL ;a(éu%‘)}zgwn?r 'eﬁéfg e time of between about 0.5 and about 1.0

seconds passes through the ovens 32 and 34, yarn Y

t hen pas g$ rcqwm E urth roll set 36 of 3 rolls (36a-36¢) in a
ser peng 255 rbik g 5128 he yarn Y being pressed against the last roll 36c¢

by nip roI |Ap§§er{t ergﬁlﬁ’tg @i?é is 4l l&iﬁq ﬁfl&rgfﬁgnfsao?ﬁ‘é n@f heignppeglpwi b {3t h Liu & 36
can be i QktReden pbaks HaLaus! jb ﬁ" ksvmsrﬁb thPmékagrbmdnt bf thd ﬁﬁ‘ g %m K aty 2
t enper at W gasédOorfthb %ﬂﬁbldtﬁ l&t ﬁaﬂ‘%@gt( Bdr 1 306-BP- peblGnd/ Bdsion Sf the&h eak

sl i ght!yhéight % calculbted @ndiRe 28 CdlueHidr thi8 lirkensifiGs Basdfod Bk tﬂervPEn%ﬁiaUé?&’e RneSdi n%e
runni g pewsenanisl2evaiie GndMha RS valid af Abolimid®Peak éight tsQhutlplida®ly il B tHehak-

deter m neebkigyr "lined) width.cror thy 2dt ¢ peak Sthe poshior m&nhdlf%xnﬁhﬁ\ Phak’ Halght i€ &ﬂcuﬁfedta

t hird rokle 28 @blue2Br thia dhtdnkity i§ mbastired oh the RigA amfle dideethb Giérbite betwbenfis 28 GiueAhd €r

| eavi ng tha@é valdezat maxinvm peak el isohultiphes by mhecie give the hel-heightpedk wigthf ed t hr ough a
yar n sur f ad®ethisrrezsyremeant, Sorpasting isi@adehinlyfordeatrumentdl bbedening; ial bther aasdlenirgt sfibaiot
shown)? t &e @awiiph il ke & teaultyphenstality sizeelitRS is the Mpasired: lirepyidth oithasamp, tho camppibd a
yarn fi nlineidh bele'ier treatnments to the yam At a wi nd-up station (not
shown), t hchc%;I tiple ends of yarn Y are wound up onto suitable packages for

shi ppi ng M6 %®nd use. In a process [ n accordance with the inventi ondu5| ng
eends referred wi nd-u

feeol i %ﬁ T e B

i |l ust ra ﬁag}fﬂ ﬁi(’fef:‘ b‘;aﬁ?gﬁo% P ¥Féa %5 ﬁ'@ Yar n

properties are’ rreasu e | haccaraance’with the fol | ow ng test methods.
Per cent ages =g (pyos\@erwgg}gmunl ess ot herw se indicated. TEST METHODS 15
Condi tz4 oni ng ackaged yarns were conditioned before testing for at |east 2
hours i Nk taeladdfel@h@l | ve humdity, 74 [err] F 2 [err] F (23 [err] C1
[err] ©) atndsehedyevadddéhgiiimsd/f 9ds Apder simlar conditions unless otherw se
I ndi cat eblis the corrected line breadth in radians; and

Y, @ is half the Bragg angle (half of the 2¢ value of the selected peak, as obtained from the diffraction pattern).

40 .

X-ray Orientation Angle:

A bundle of filaments about 0.5 mm in diameter is wrapped on a sample holder with care to keep the

filaments essentially parallel. The filaments in the filled sample holder are exposed to an X-ray beam

45 produced by a Philips X-ray generator (Model 12045B) available from Phlllps Electronic Instruments. The

diffraction pattern from the sample filaments is recorded on Kodak DEF Diagnostic Direct Exposure X-ray

film (Catalogue Number 154-2463), in a Warhus pinhole camera. Collimators in the camera are 0.64 mm in

diameter. The exposure is continued for about fifteen to thirty minutes (or generally long enough so that the

diffraction feature to be measured is recorded at an Optical Density of ~1.0). A digitized image of the

so diffraction pattern is recorded with a video camera. Transmitted intensities are calibrated using black and

white references, and gray level (0:255) is converted into optical density. The diffraction pattern of 66 nylon,

6 nylon, and copolymers of 66 and 6 nylon has two prominent equatorial reflections at 20 approximately

20° -21° and 23°; the outer (~23°) reflection is used for the measurement of Orientation Angle. A data

array equivalent to an azimuthal trace through the two selected equatorial peaks (i.e. the outer reflection on

55 each side of the pattern) is created by interpolation from the digital image data file; the array is constructed
so that one data point equals ons-third of one degree in arc.

The Orientation Angle (OA) is taken to be the arc length in degrees at the half-maximum optical density

(angle subtending points of 50 percent of maximum density) of the equatorial peaks, corrected for back-
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20 Rel ative Viscosity: Relative viscosity refers to the ratio of solution
and sol vent viscosities neasured |%?‘g‘,§ ' IB?'ry vi sconeter at 25 * C. The
solvent is formc acid containing 8 wei ght of water. The solution is
8.4% by 25 wei ght pol yam de pol ynmer dissolved in the solvent. Denier:

Deni er or ¢roundaThisdeEuripitgd frém the @umidr gidatal pding hatwBenthe ADEIGHTRbIRE Sn 8dch ¥idé & the
Deni er i s pealgwithdoterpylatish) bbiag wesdd thisgis amotkanomsagraieivgibéy). Eothygoaks, artl Médskad #hd the
nmet €rs, froen@atiomAngle s thkamasithe p\arage pfalekiag eessorementeni er reel and wei ghi ng on
a bal ance to an accuracy of O. 001 g. The denier is then calculated fromthe
measur ed weang d Spg and Nermealizecbkpmg PeriqbintensRy: Pr operti es: 35 Tensil e
properties (TenaC|ty EI ongation at break and Mddul us) are measured as
descri bed by ™9 '°"'9npeU°dssPaF'%ﬁ {LR?). 304 long period infensity(LP1); gle mepsurqd; with adtratkysmath pngleg
line 6, th¥ 69‘%“9‘96 °B’r°d\m Agian Pear .G Sisay M&@r 8 dlifffaglameley is astalled alcadine-focus
Initial PN?;’G‘HH ‘TqH'Bp%‘,'I ﬁ ’é?fP‘i“ﬁé"%Yrt%PpP@ﬁ%étrﬂW‘éP"dt o]

g

the "ini%i %th pg detE is;defined yith.a 120

“initial" m rometer t r m trH-) )(??; eﬂéwt p7 r@hmckel
starting tg o eog '9 ) c'"t'w%ml:?ﬂ” xé‘?’?B?eé’ Gi ﬂ" %{?'E ap é%f Lo pIsN
(50 0 poun S/}h Mon @'n&ﬁggbggﬁyrﬁgl)to ga%m?ther at'}&ﬁ der cén mn
i nitials' Stk %.95\5 Hol(leTl'BQ-ﬁsa c%réa byz Sibsrs isCabout 21 fh sa bid chn
0.25 I bs. Jpdhtl1 §&aloEnichaend §cttﬂ591|\\$u %Qarﬂﬂé‘ﬁqﬁ)er |9Jd i‘r?ﬁ jon by the
(1800- 2000samgi8ioPE HrongICOR-alpROX-falp Sighd brid ddjustin fird! telEknbds %?th@@&rﬁdlé)ﬁhtl
woul d st ardf it X-Yay20daOs abar | 125 dr. 3%5 TOHBRSHS trdRMBNOEL 2Sstrbrfy Scattdrat! |§‘B@t n %
t he producdifirating besitioe 8RiLthe fyldresamplo iy inghrtdd MMTEbNEH S inRAdialy WaPehk it bedin dafifigk
50 Dry kdeaditsShrthe lossgaredDintondile aithGlrditetvaipa is So reAG Y ebnGitodAintbAskY s 11,Cthen the
sheisnkage transissiondhis VimrAl$aplelwit ch taysriiesoh fof 1/@ hast @h. optilnh thitknesEsito ateddiffrécted2 4"
(61 cm | entensity tém eshmplé ol greatantor ipss thickness thaneoptiean willthe Iési ehail dtgat fronk @ samydle dfhe
shri nkage 9ptipem thickness.t er 2 nminutes at 160[err] C under a 0.04 cN dtex (0.05
g/ d) 1oad. | Fetnyien samrie is imeunted suphythitdhecfiber &5 is phmendiculan tadhe braeariengthdor(PaGiibl to
cN dt ex25( gherdiregiio of trayalcpt thej detepton).digge Kratky diffeagtometeravianiirial achorizpatal/line fiociss thetfibare 0
[err] C. gHeis nef:veed'wstogbﬁatamfogm PR 880 paints jssallecteph Betyyeani OrfLanY 4R rdesrRercRd, 2
tension a 1 p@ é’Y"ﬁtsEﬂpes'ZSto%P?ﬂﬂ?? §PFI”P?‘?I<‘hqg‘dt EhEpasresiilePoiptsa ity siep sizs
descri bed g °°s p°'ﬁ‘”"‘ 71Ppcze1005; qoarsas batwgen dilaed GQur e
of whicly i d%t{a“’a; 1% t ° °'b i’?s's 1 t;‘t“ﬁuf‘g °?F€t 'BHS D% °§ T 3 guiting
heated Tn r 'H:g P [styme r'j is subtra ©
u?sﬂurgé/n%n i.e Stan obiain e absence of a sample, is multiplied by the
transmission, T, and subtracted point by point, from the scan obtained from the sample. The data points of
the scan are then corrected for sample thickness by multiplying by a correction factor, CF = -1.0/(eT In(T)).
Here e is the base of the natural logarithm and In(T) is the natural logarithm of T. Since T is less than 1, In-
35 (T) is always negative and CF is positive. Also, if T=1/e, then CF=1 for the sample of optimum thickness.
Therefore, CF is always greater than 1 and corrects the intensity from a sample of other than optimum
thickness to the intensity that would have been observed had the thickness been optimum. For sample
thicknesses reasonably close to optimum, CF can generally be maintained to less than 1.01 so that the
, correction for sample thickness can be maintained to less than a percent which is within the uncertainty
\_/ 4 imposed by the counting statistics.
The measured intensities arise from reflections whose diffraction vectors are parallel to the fiber axis.
For most nylon fibers, a reflection is observed in the vicinity of 1 degree 26. To determine the precise
position and intensity of this reflection, a background line is first drawn underneath the peak, tangent to the
diffraction curve at angles both higher and lower than the peak itself. A line parallel to the tangent
45 background line is then drawn tangent to the peak near its apparent maximum but generally at a slightly
higher 2¢ value. The 26 value at this point of tangency is taken to be the position since it is position of the
maximum if the sample back-ground were subtracted. The long period spacing, LPS, is calculated from the
Bragg Law using the peak position thus derived. For small angles this reduces to:

6%

50 'LPS = M\sin(26)

The intensity of the peak, LPI, is defined as the vertical distance, in counts per second, between the point of
tangency of the curve and the background line beneath it.

The Kratky diffractometer is a single beam instrument and measured intensities are arbitrary until

55 standardized. The measured intensities may vary from instrument to instrument and with time for a given

instrument because of x-ray tube aging, variation in alignment, drift, and deterioration of the scintillation

crystal. For quantitative comparison among samples, measured intensities were normalized by ratioing with

a stable, standard reference sample. This reference was chosen to be a nylon 86 sample (T-717 yarn from
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measured and plotted agai nst tenperature to obtain a tension/tenperature
spectrum The yarn sanples were hﬁg?gg Hés the nelting point of the yarn
(260-265[err]C.). The tenperature at maxl num shri nkage tension and the

maxi mum shri nkage tension or force are read directly off of the

t ensi on/ e IE PBAtLEOS VEiRfgiohUDS.) whith @28 ked as T4 yhr itthe GisDsahplb Bt 1118 PatdRtQEbelY
suspendi ygma).50 to 60 cmlength of yarn froma frane, neasuring its initial
| ength under a 0.009 cN dtex (0.01 g/d) load, and then neasuring its |ength
aft er 30 SonicMagiglusnder a 15 0.9 cN dtex (1.0 g/d) load. The growth is
calculated as a % fromthe following fornula: L(f) -L(i) %owh =
___________ Soxic Magglugig measured as reported in Pacofsky U.S. Patent No. 3,748,844 at col. 5, lines 17 to 881 )
\Wher e L ( fthe qisglopyie off whighis 1ne%%meddwtrefpre@@ epanthatdheafigrsiage gongditionpdh for P4 hqursedt

| engt h. 78°B{3 &f)rand §et celativer Rumidity prigrip the-tpsh pad the gylert finersearg fup @t & teggion ¢fj0H9

i nvent i orgNGfex Qvbgrame)agr droiep raliphan the PA4Q-6.abYdins d0-31@ Dpropiedifor Hhe pelyasier fivers dind
Knox U"Stezfefi’gﬂc,egS? Yegi nning at colum 9, line 59 and ending at col um 10,
|l i ne 65, [; di scl osure of which is incorporated by reference, with the
foll ow ng—gég%pt ions and additions. First, instead 30 of Polaroid T-410

| m | d
recor gng, goacy A8 g%ﬁ%&ﬁ:ggﬁe%‘ i e SRR "g'g'ﬁmd'gﬁafé"‘"”rjﬁéﬁ%ﬁﬁg oebled e
e

interference patterns. so Sul ta e eg c I mage anal ysi s net hods

whi ch gi ygpdibie sane result can al so be used. Second the word "than" in
colum 10, Tine 26 is replaced by the word "and" to correct a typographi cal
error. 35 Xwiiiethd procus® iscrufnidgl YhdicH mERIrb@6Hd 88 mdasl & thd iFhw IR aBIBNZones (in the
Cryst abl iFigareSkiee oveRl2g Si tb dR@TZoMLC4indGifteri SVEIEX4 iRIh RRRASIEhe GduE 1 Binthot E0Tmg €
are_der i wed the exits Xf thayovelisf Lisi@Cinodan Chetkling .DXCKae, MHOES00,AD0(-1K ajdlaby0OeZIKN havbi-hbld ber s
of t hese tansinpeies manfetured bg ERcteontatir Equipcheft\Company pncrGedantstaNfuat®e al X-r ay
reflections with peaks occurring at scattering angle approximately 20[err]
-21 [ er r Mamyjkempsfatyre:) 2[err]. 40 X-ray diffraction patterns of these

fi berg®are obtained with an X-ray diffractoneter (Philips Electronic

| nst r unent sYaMVERTRAIUreR| arp measyred afiep, the ygipdaesgsdigw pyen 28 pacoielaxatien emoeld4 witstheg a
di f f ract @tfamemw*ﬁrﬂﬁee abopt 4ipehes 10 srliaway droming QvpmexitoThe epriamsnts ayefpasia 3t §

dat scpatactJef tﬂ“%?rﬁ“é? é‘e?FE'EeE‘P“te?Mﬁe'P SRRSOl R infraged petinalscanning sysiemh
cgl ?eg,i &E{Pe g r?t *e' ;'g thgﬁs) breadpan ?Séﬂ"tﬁ?b{gg?f’?fééf‘ed%']"ﬁ Yifhe
i nstr @

lac y ly 0
St eppi ng, :?Ega uresl i dl gc criﬂ‘aol ris%i? f HC% F é’?ﬁ:ﬁe tem ra u%l
: and Pul s of %Ergﬂ ol al | E ﬁés:ﬁeé the

I ndex angoré@ﬁbﬂ&sefb an Fggr&% oew ke th e to Lih
S0 progessfpdratie & thed 84 isPARSeA LD ?-Ihe S&anlitAge a ea ?lhe
basel i ne osciBsbopaeaha i s il pdint! tRLI vANGe & b:ﬁé 3 e°fatu théréféwnc 1 r act i on
measur enent of crystalllnlty in 66 nylon, 6 nylon, d copol yners of 66 and
6 Example 1

\_/ 40 A fully drawn 933 dtex (848 denier), 140 filament yarn with a formic acid relative viscosity of about 87

(Feed Yarn 1) was prepared by continuous polymerization and extrusion of homopolymer poly-

(hexamethylene adipamide) and drawn concomitantly using the process of Good, U.S. Patent 3,311,691.

This "jully drawn" yarn with 8.5 cN/dtex (9.6 gpd) tenacity, 8.8% shrinkage, 144 cN/dtex%(163 g/d%)

toughness, and other properties as more fully set forth in Table 2 was used as a feed yarn in a process as
45 illustrated in the Figure.

Using apparatus as illustrated in the Figure operated using the process conditions listed in Table 1, 4
ends of the yarn were taken off a feed package 12 over end, forwarded to the tension contro! element 14 for
tension control, and then nipped by nip roll 20 and godet roll 18a of roll set 18. The godet rolls 18b through
18g of roll set 18 were bypassed and the yarn was forwarded directly to godet rolls 22a-22g of roll set 22,

50 through ovens 24 and 26 to roll set 28. The draw tension was 3.55 cN/dtex (4.02 g/d) at a yarn temperature
of 240°C . The yarn then passes through all seven rolls of roll set 28, through ovens 32 and 34, and
through the rolls of roll set 36 before wind-up. The yarn temperature of the yarn emerging from relaxation
oven 34 was 240°C and the relaxation percentage was 13.5%. Incremental draws of 0.5% were used
between each pair of rolls in roll set 22 and incremental relaxations of 0.5% were used betwsen each pair

s5 of rolls in the third roll set 28.

A detailed list of process parameters including roll speeds and oven and roll temperatures is provided
in Table 1.
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nylon is 'the Crystal Perfection |ndex (CPI) (as taught by P. F. Disnore and
W 0. Statton, J. Polym Sci. Part gp 83%%31 pp. 133-148, 1966). The
positions of the two peaks at 21 [errq an [err] 20 are observed to
shift, 55 and as the crystallinity increases, the peaks shift farther apart
and appr oach Thé2e6pdesioi yaemebtaimat LESPGALKhdIGhd Samel@mici adraablative Gsdobity 3 TSP N
t he Bunn- Gautvith aGé&acity| apdh siginkage baliaree ofl[12 sN/tax {10.4i gd) paE Kk 9% DeédetivEly PTHe \Mhod@les

t he™basi s wis 3eNiitea{450gid and thé tolghpetsalas FasrdNettaxi%o@10 gidie) Thecral paHettivh index
EP 0 423 863 881, |orig @eriodrspacingi waa g4 . and dengBiplwas 1.1526. A more detailed list of properties is
-------- 5. - providedinTable 3. . .. X 100 0.189 where d(outer) and d(inner) are the
Bra "d" spacings for the peaks at 23[err] and 21 [err] respectively, and
theggenomfﬂgﬂlﬂe—g 189 is the value for d(100)/d(010) for well-crystallized

66 nyl on as r ed unn nd Gar ner Pr oc. Ro a Soc. (London), A189,
39, )1/947 f{ﬁg gﬁ j" S—g% Exepglo g (Foedoyan hand the
r

Gystall tp'°ﬁ§?d,aw "W %ﬁgp =Y o%ggo aﬂﬁpﬁﬂ%q me yam

6. The yarn

"‘P? 3|°

w an t g
nmeasur ement s y 84%9 4(?9%] él vﬁ}d § F %aﬁ ic acn reEIfgv vis

peaks. BeCgy$fn 5 n@gh' ncpg ‘F o 1ﬁ9
hal f - hei,g hWasFB?%K:N)M 428 ) Qﬁcﬁtﬁ 5‘ i Qv erte? n%ZL
on

20 [err] -vak dsArl lohg B&ﬁh,sréchlﬁ vﬂ@ﬁb KOEhd
cal cul at edpravifdd i@, val ue for this intensi ty |s maasure on the w angl e

side. The difference 20 between this 2[err] value and the 2[err] val ue at
maxi mum peliempligght is multiplied by two to give the half-height peak (or
“line")a2ni dth. For the 23 [err] C peak, the position of the half-naxinmm
peak hei ght AsTulnHewh"at380 der ¢1260 dendf)e210] filar@htiy@mi with o fointic hdit @latetWscdsly of 89
measur ed ovestipaied i carfiglicus poldwerizatior agd Bitesiem afepdydieyapethybie adifamizie) indvdivine
and the 2[‘&9!“?0]““%“6!1/ wenmthemmhfive@\w Bichtatpint 38,681 Thispifullgtdriawn teed yéro with \B8
t he hal f - VG (1HLaRe) tnenith 760 shyipkage, sech24g cbifdten e, (20800/d B toiiginess SFaed e Gnivas
for i ns®r UNERTSS s'B‘f‘%‘&&bFﬁaﬁ‘a'e 141 withtherrocaesearitiens ag describaskis Tal i Tke dravs tensiad t 0
be a result® #22 a8 ’@ §|az‘@"‘ fP'r‘Pefﬂ"fe 521216 aﬁ%raym 2 The an jgmperatutsf of thee
sanpl e, th "‘e (o0 %EO § Ca thafelﬂxgt ?’F ""aSY)WWr?ér"'é b' is the

nn ag

i iye-wi f
et e eﬁ:% o ﬁ%%‘?pgi"ﬁ‘ T
di 19 1E rag{O : 29?@ °ss‘” cry, %grf ipn index

Crystall i tﬁovﬁe B;ld" 5 ven er s \/\/n@’rc"(réi eag PORRIEh as

one (unity);
Example 4
35 :
The feed yarn for Example 4 was the same as that described in Example 3 (Feed Yarn' 2) and the
process was the same as Example 3 but the process conditions were as in Table 1. The draw tension was

4.23 cN/dtex (4. 79 g/d) at a yarn temperature of 212°C. The yarn temperature of the yam emerging from

oven 34 was 218°C and the relaxation percentage was 21.2%.

o/ 40 The 1470 dtex (1336 denier) yarn obtained at wind-up had the same formic acid relative viscosity of 89
but with a tenacity and shrinkage balance of 9.3 cN/dtex (10.5 g/d) and 1.5%, respectively. The modulus
was 32.8 cN/dtex (37.2 g/d) and the toughness was 239 cN/dtex% (271 g/d-%). The crystal perfection index
was 85.0, long period spacing was 112 A, and density was 1.1572. A more detailed list of properties is

" provided in Table 3.

Example 5

A spun, but undrawn, 4085 dtex (3714 denier), 140 filament yarn with a formic acid relative viscosity of

60 (Feed Yarn 3) was prepared by continuous polymerization and extrusion, of poly(hexamethylene

50 adipamide) polymer. After extrusion the yarn was quenched, treated with an oiling agent and wound up

directly at 402 mpm (440 ypm). The birefringence of the spun yarn was about .008 and the elongation to

break was 575%. The yarn was subsequently stored at 65% RH for 48 hours to achieve near equilibrium
moisture content of about 4.5%.

Using apparatus as illustrated in the Figure operated using the process conditions listed in Table 1, one

s6 end of feed yarn 3 was taken off a feed package 12 over end, forwarded to the tension control element 14

for tension control at 70 g, and then nipped by nip roll 20 and godet roll 18a of roll set 18. All of the godet

rolls 18b through 18g of roll set 18 were used and the yarn was drawn at low temperature between roll set

18 and godet rolls 22a-22g of roll set 22 to the draw ratio indicated in Table 1. As in the previous Examples,
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[err] is'the X-ray wavel ength (here 1.5418 A); b is the corrected line
breadth in radians; and [err] is E,ﬁbf42§g§8§{agg angle (half of the 2[err]
val ue of the selected peak, as obtained Tromthe diffraction pattern). 40
X-ray Orientation Angle: A bundle of filanents about 0.5 nmin dianeter is
wr apped dise yarmswasTibreartia tieughvivers 28ane 26. Thi 8P nkitn wad BTN dexQB6L£8E) sk lydim
par@ | el tenifemtfa 6fzA281C sfter aven28. Thel amcthehapides tHiqgl aN scevererofXFQGIESt b8) tidbugk- I ay
beam 45 opnedaced 3thyend tHahigh itesrols-af agll e A& betbre windpdtHe yhaQdhiByatay ai thalphre

f r om Phi lemgwingifremtovem34cwas £8 YQiandrthesreladtion phrdefitgecwasdn.4hantrementdl daws bhes%
sanpl e’ f iMeEprHspr etwasn pechpeir eldrolisrin rob deti22 BRFnkrasyiebstakationSiof 86% werepusedibatwesn I ay
film (Catt8thdglief misipibe hirdrli3et@8)  in a Warhus pinhol e camera. Collimators
in the canel's &} gtey (782 deniar) yarypbigined @ windupshashibrysamedormis asidielptive sidcofityrof 88 out
fifteen t tg‘Y'E}:rt? mg«-agdgf'@gkaewa'?em@@an qN{FtQXd%%g Mﬁ%ﬁ;ﬁs@smwb{ﬂvmmen@ptﬂ%mu on
feature to e W’érfg N cna?dsth? EXF ﬁ%?’aﬁlsoéﬂlf1 ' '(§°é€| o/l Zhey qpysist perfactigy) index was
digiti zei T.HRGE T PRI 4754 PRL fens e d810nA morerdetalid Jistpf Riopasties is Areyissd
canera. Transmtted intensities are calibrated using black and white

refer enccg§am@&de_g{ ay level (0-255) is converted into optical density. The
diffractiom pattern of 66 nylon, 6 nylon, and copolyners of 66 and 6 nyl on
has twe prassngeBarRRUAtiREtad it %lﬁdﬁwﬂ ﬁhﬁﬂ' kL drdmefbhsRY i Rl A ot bria ot ]
-21 [err khedndl [f@é’cf Jam va@ ustd 116 Tmake gamgd in' Er%t:g Qfth e iblakiln AT a%;feﬁsting
nMeasur enpidberis 16 feNyaiisi QB MA B i€ profidstiiharabib 22 Whes0dbd’ PR Verd Boh%ﬁbx?rﬁét%%al
trace thadipayhide),epuri Wom cOhRGIUEIH PORIMEHZ6d baymd? LAY Sirdvh 1§ - thd RBthed bigkried fid BEL 1 ON
on 55 ea®herstixh1,6d1. Ahistingads tderig) tehsile @FopértieaCand VshiinRige! dp Gledyairie Ibf ExkdMpiek 8911 is

di gi t @b wprovigel inlZdkde 8.i | e; the array is constructed so that one data point
equal s one-third of one degree in arc. The Orientation Angle (QA) is taken
to be the arc length in degrees at the hal f-maxi num optical density (angle
subt endi ng points of 50 percent of maxi num density) of the equatori al
peaks, corrected for back- 8 EP 0 423 808 Bl ground. This is conputed
from t2he nunber of data points between the hal f-height points on each side
of the peak (with interpolation being used, this is not an integral
nunber). Both peaks are neasured and the Orientation-Angle is taken as the
average of the two neasurenments. 5 Long Period Spacing and Normalized Long
Period,Intensity: The |long period spacing (LPS), and long period intensity
(LPI'), are neasured with a Kratky small angle diffractoneter manufactured
by Anton Paar K G, Gaz, Austria. The diffractoneter is installed at a

| i ne-focus port of a Philips XRG3100 x-ray generator equi pped with a |ong
fine focus X-ray tube operated at 45KV and 10 40ma. The X-ray focal spot is
vieweds at a 6 degree take-off angle and the beamw dth is defined with a
120 m croneter entrance slit. The copper K-al pha radiation fromthe X-ray
tube is filtered with a 0.7 m| nickel filter and is detected with a

Nal (TI') Scintillation counter equi pped with a pul se hei ght anal yzer set to
pass. 90% of the CuK-al pha radiation symmetrically. The nylon sanples are
prepared by winding the fibers parallel to each other about a hol der
containing a

50

56
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55 standardi zed. The neasured intensities may vary frominstrunent to

instrunent and with tine for
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45 dains 1. A polyanide yarn corrpri sed of at
Pol y(hexanet hyl ene adi pam de) haV|

least a out
| east about 26 cN dtex (30 g/d),

about 50, a tenacity of at
at 50
160[ err] C of |ess than about 2%
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yar"n of Claim1 having a nodul u$
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greater than about 50, a tenaci
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than abmut 180 cN dtex % (200 g
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of Caiml wherein said relativ
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Claims

1.

A polyamide yarn comprised of at least about 85% Poly(hexamethylene adipamide) having a relative

viscosity of greater than about 50, a tenacity of at least about 8.4 cN/dtex (9.5 g/d), a modulus of at

50

least about 26 cN/dtex (30 g/d), a dry heat shrinkage at 160°C of less than about 2%, a crystal

perfection index of greater than about 83, and a long period spacing of greater than about 105 A.

85 The yarn of Claim 1 having a de

The yarn of Claim 1 having a modulus of at least about 31 cN/dtex (35 g/d).

nsity of at least about 1.15 g/cc.

The yarn of claim 1 having a birefringence of greater than about 0.056.

19
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pol y( hexanet hyl ene 20 adi pam
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Claims

1. A polyamide yarn comprised of

i o suffi g er to cause said yamto
i

z i m ats~| emst «an initial rel axation
se¥in® enBt h®and™t hen further
id yan1to decrease further in length to
rel axation increnment. 21. The
I£| pRci&y & yarn ends sinultaneously
@ between 150 and 750 npm 22. The
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at least about 85% Poly(hexamethylene adipamide) having a relative

viscosity of greater than about 50, a tenacity of at least about 8.4 cN/dtex (9.5 g/d), a modulus of at

50 least about 26 cN/dtex (30 g/d

), a dry heat shrinkage at 160°C of less than about 2%, a crystal

perfection index of greater than about 83, and.a Iong period spacing of greater than about 105 A

55

The yarn of Claim 1 having a modulus of at Ieast about 31 cN/dtex (35 g/d).
The yarn of Claim 1 having a density of at least about 1.15 g/cc.

The yarn of claim 1 having a birefringence of greater than about 0.056.
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23. ‘“The process of claim 17 wherein said yarn draw tenperature is bet“; H“\
about 190 and about 240[err] C angp §absleges "€l axation te V\mm
between about 190 and about 240 [err] C. 24. The process of |
wherein said heating during said drawing is performed in an oven haV| ng a 5
- tenper at &r eTrefyaipet Gleient ralingé lodg fbriddidtendity bt grelittd thah afolk2.7, €si dence tinme in

sai d oven being between about 0.5 and about 1.0 seconds. 25. The process of
cl arm 23 6nhEeermn obGlaith Thehmteinrgid danedity ds = lbel abhets.@aivitmg1@E/dYX he t ension i s
performed in an oven having a tenperature of between about 220 and about
320 [ et r - Chetvpra of @aimdicharieg an alqngalibn todragk ofat [9ast abouD18%.  sai d oven bei ng

bet ween about 0.5 and about 1.0 seconds. Patent ansgl rlche 1. Pol yam dgarn,
wel ches \ﬂlenT'"Gé’f"éﬁgc'@f"vH‘aﬂEQ/ﬂ t°F@PWHE9(WﬁW§?P@H’a@Pﬁ Fﬁeél‘)’ (@R9folsh)st \livel ches .
eine 15 rel atjye Viskositat von groBer al ei ne Zahlg eit von
weni gsteﬁ’s Té'f’\XémQ} eA{'”E‘N/'HY'%@(a foughgesg o °at95|“ﬁ%ﬁb°l\‘b1(?ﬁPN’9'6ﬁ%\)%?ﬁlgﬁ’s'f ens et WaI 28
cN dt €% / schr.unpf u C von weniger als
etwa 2% ggﬁlhgﬁgrhrofg "é‘l |v{'/-|;'3rr°{?o V%a%ﬂ??&sét?’ﬁc?é?{l’gf?ﬁ" @bi"Btfsg‘r als etwa 83 und

el nen Laqgpfe yfmﬂasm%a%%?ﬁ@ RHAE b finBod 1% »@1@(3@, 0 2, Garn nach

Anspruch 1, welches ei nen von wef I'gstens e ex (35 g/d)

hat. 3s qﬁr'ﬂle (Q;ﬂmlafnéa}gﬁnrﬂéﬁhb J—maiﬂﬁlnpgﬁﬁkaﬁé Qﬁsﬂ?‘of’ggsetha\ﬁgp%r ec 8\%&8&6 ?é] 1,15

g/ cc hat. h Anspruch 1, es el ne Doppe ung von grol er

al s etwa1f), ﬂ.s@arhat Clailda Havind it IshIGEY tdisibn bf leyﬁh&fas&t@h@éwdtex 0.30 g/d).
Langperi odeni ntensitat von grofer als etwa 2,7 hat. 6. Gain nach Anspruch
1, bei demTheeyarhlbli Qliei 1 wheRingsiidepelyatideais &oﬁprﬁsbﬁ @t 8¥mdpdiym&l! Foy(RRimadiene 30
7. Gaizn nacwipAniggr uch 1, wel ches eine Bruchdehnung von weni gstens etwa 18%
hat”/ 8. Gain nach Anspruch 1, wel ches eine Zahigkeit von groBer als etwa
180 cN diexiBe y200f gaiolod having an eppareatrerystaliite siae siogrestdn thbn abuet 62hk as miasered athgk ei t
von groBer '8P BlaR&%: wa 198 cN dtex% (225 g/d¥% hat. 35 10. Gain nach Anspruch
1, bei dem die relative Viskositat gr6Ber als etwa 60 ist. 11. Gain nach
Anspr dth1& Thﬁ\k‘ﬁ’& er@a"@ﬂr’f‘@ﬂ“"SéﬂﬁN‘\‘”i‘rbﬂflﬂ grpihlegtemaboubP%. etwa 1 cN dtex (80

g/ d) hat Gal n nach Anspruch 1, wel ches ei ne maxi mal e

Schr unpf un 'deaygme‘P\WQ"%d ‘}‘035?7 by / WBighty poly- 13.
Gai n nach %u gto géﬁl‘?‘lgﬁba\ﬁﬁhhem
weni gef aI néa °N’ 0 gitipmigfopd Yah 1,
bei déem da 's it oﬂw"'( ex ?“F\'fl" 'édmwﬁé'ﬁﬁ"ﬁ)sa' RFORRSS SpPrigs

Gai n nach Ansa}g‘M 2tk o ahes 18k (&E@II re Kristallitgr6Be von groBer
als etwa 62 Aheaggpsggia%ﬁndg% aﬁ&g,g ﬁ 6:00 16. Gain nach Anspruch 1,
bei dem das GaiddrtingCank imhﬁ‘g‘ s‘éi@'?ee\ﬂ’%@rh%@iﬁg @Jnﬁnu@& Wil k@ ensibd re égﬁ% j%?
zum Hey St elab&u 381 dhadfiex 0B YA IWABRBEd yaNe iCHRBRA 8 B yak LdRiiSteRbdi&y ply-
(hexanet hylieoraxli pam d) aufwei st und ei ne Zahi gkeit von weni gst ens von etwa
7,9 cN dtex (dbcagyigdte tension on said yam after said drawing sufficiently to allow said yarn to decrease in
length to a maximum length decrease between about 13.5 and about 30%;
_ heating said yarn during said decreasing of said tension to a yarn relaxation temperaturs of at least
\_/ 40 about 190 ° C when said maximum length decrease is reached; and
cooling and packaging said yarn after said decreasing of said tension.

18. The process of claim 17 whersin said tension is decreased sufficiently that the maximum length
decreass of the yarn is between about 15 and about 25%.
45
19. The process of claim 17 wherein said heating during said decreasing of the tension is continued for a
duration sufficient to causs said yam to have a crystal perfection index of greater than about 83.

20. The process of claim 17 wherein said decreasing of the tension is performed by decreasing the tension
50 partially in at least an initial relaxation increment to cause an initial decrease in length and then further
decreasing the tension to cause said yarn to decrease further in length to its maximum length decrease

in a final relaxation increment.

21. The process of claim 17 performed on a multiplicity of yarn ends simultaneously at a packaging
55 process speed between 150 and 750 mpm.

22. The process of claim 17 wherein said feed yarn is a partially-drawn or undrawn feed yarn and said
drawing further comprises at least one initial draw stage before said final draw stage.
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55 - ei ne Trockenwar neschrunpfung von weni ger als etwa 2,
Modul von wenigstens etwa 26 cN dt gy (34 aﬁé auf wei st, aus mﬂum“nﬂml“l“‘
Auf gabegarn, wei ches aus der Gruppe gew~-h I'st, welche gestrec

tei l wei se gestreckte und ungestreckte Ganme unf aft wei ches Verfahren

f ol gendes 2Bufiepratess &t diais HE Whaléls s jgabreg me.iamrevse Bét@éen &BSut 8804 about 240°C
abschl i essendmisaBtyemctiatiithesmpdiature is Gbtweeh aboun1dBrandisbisere40less Auf gabegar ns
walFend weni gst ens der abschlieBenden Streckstufe; das Strecken und

Er war men dds T prgesise glagiaig 28 ovhergio seitl hbating duting Iséid daivieg Bt pedierkeg fnamuoven ing @-

st ens efwa  3lempemrjugt o peivaengabgit 2P0 andr abowet 920 * GadherresidesceGimienin 3ai@l owinrbeing between

Gar nst r eckt e AP QE and abeyh 1Rseropdst ens etwa 190 * C erwarnt wird: 5

Her abset zen der Spannung an dem Garn nach dem ausrei chenden Strecken um zu
erndgli cheéf¥; T %‘B°§§%°f85‘m ?%W'E?éﬁ'" 129 geting dringspid desasasingpidha tepsige iscredtprrned ingnr d
wel che zwi scﬂ‘@ nayi E p! 20 &ndghout; 320+ C, e fasidence timesof egid yagn in
wahr endder BT 2BY8% o (N °§p9a§ﬁ?ﬂﬁ5°“hh? SGPHE Ganr el axat i onst enperat ur von
weni gsten?ag &{8 RC wenn di e maxi mal e Langenabnahnme erreicht ist; und 10
KuUhl en un acke es Gamms nach der Her abset zung der Spannung 18

Ver f ahren pagf d?fﬁo%glrnugrglcﬂez’w 53;%&%‘%9'8@% ﬁﬁﬁb%hgetﬂ x%@%g% \rlvek\:/r\%'
derart her abapaed viskoiat ton % 61y h?”
etwa 15 und ghaemealfoh WBtistend Btwa é@ch&‘@i B?Qun&‘%&e b | I60 d' €

Er wAr mung walyéigesl ald@ﬁva@bﬁ@iﬂéf?Kr@ﬁl’lve%ﬁ@rﬂMﬁlﬂg ifdex Gdn"YPsAdeLibtiva 9{5’ deélrﬁ EHiBe-
Zei t dauer f ofiddgrabethntt voyisBer alatvales\A hlgt W rd, daB das Garn ei nen

Kristalivervoll- kommungsi ndex von gr6Ber aI s etwa 83 hat. 20. Verfahren
nach An®praicBarh fiachiresprebt m whlahed-ied MRl Zomgenigetsns St 81 LeNgitesl 285L7d) Rater f ol gt ,
daB die 20 Spannung teil weise in weni gstens ei nem

Anf angsr el%x §am oamsiAnkareshd nweldhes eitsgRichist vob wanigstbns etwa1,15.g/aehet.r - ken, daB ei ne
Anf angsabnahnme in der LUnge auftritt und daB dann eine weitere Herabsetzung
der SpannuhgG¥Brefasamich 1uivaiches einp Dopredhsedhvrigernn ord@eBald atwa GASGhahel t er i n der
Lange a%f di e maxi mal e LAngenabnahne in ei nem abschli eBenden

Rel axat i orfsi ﬁR’F BRRRASPAYSA 1 nifichesxeine ) angperindenirisnaifit YP&(Q‘?BNMW hat. wel ches an
ei ner Mehrza von .Garn c{ﬁ % % ze|t . be! ein
Abpackver & baFP I AGREER a?%k ' RGRIoTEL e N (A BEFBhger | hrt

d. 2 2V I d das. Au teil
\éme;t reckt &3 eéL §F£°§ :AH‘QP ﬁurq\:nés T ec '"e éuwﬁ?ug'ﬁ'aﬁg'{gn‘ﬁﬁﬂﬁsﬁeﬁe“%ﬁ%’ E\g glt PecE:anWEI >
ferner we 'y géérﬁ Rath Qh&%f@qf‘@w&éﬁe%hl ﬁeH(/S’n er Q? %tw%?& qgllldtexgp 00 Cﬂ%l/ ) hat. den

St reckst uf e auf wel st ren ach A Spr uc

Gar nst r eclyl egRe hath Anspfith § GhRRedindazahidi v&ﬂgr@éems 2.&9198%&&61} (]225Lﬂ7dj/o)qxa§ -

Ganr el agat i onst enperatur zw schen etwa 190 und etwa 240 *

Ver f ahr en 102Gk Ads Phspalen 2 bei d6e sl VKSR S ovadoaad des Sireckens i n
ei nem O en erfol gt, welcher eine Tenperatur zw schen etwa 220 und etwa
320- C hat ,11.u@ain dach Avsprust it | bihés diridh SEialimodul von grBer als etwa 1 cN/dtex (80 g/d) hat.

NI% 40 12. Garn nach Anspruch 1, welches sine maximale Schrumpfungsspannung von weniger als etwa 0,33
cN/dtex (0,37 g/d) hat.

13. Garn nach Anspruch 1, welches eine maximale Schrumpfungsspannung von weniger als etwa 0,26
cN/dtex (0,30 g/d) hat.

14. Garn nach Anspruch 1, bei dem das Polyamid Homopolymerpoly(hexamethylenadipamid) aufweist.

15. Gam nach Anspruch 1, welches eine scheinbare KristallitgréBe von gréBer als stwa 62 A, gemessen in
der 100 Ebene, hat.
50
16. Garn nach Anspruch 1, bei dem das Garn eine Lingung von weniger als stwa 9% hat.

17. Verfahren zum Herstellon eines Polyamidgarns, welches wenigstens etwa 85 Gew.-% Poly-
(hexamethylenadipamid) aufweist und eine Z#higkeit von wenigstens von etwa 7,9 cN/dtex (9,0 o/d),
55 eine Trockenwdrmeschrumpfung von weniger als etwa 2,0% und einen Modul von wenigstens etwa 26
cN/dtex (30 g/d) aufweist, aus einem Aufgabegarn, welches aus der Gruppe gewihlt ist, welche
gestreckte, teilweise gestreckte und ungsstreckte Garne umfaBt, welches Verfahren folgendes aufweist:
Strecken des Aufgabegarns in wenigstens einer abschliessenden Streckstufe;

21



zwi schen*etwa 0,5 und etwa 1,0 Sekunden |iegt. 25. Verfahr
23, bei dem di e Erwarnmung w hrend,f_p%rnyg{l@metzung der Spaiﬂ!‘iﬂ ‘! I!EE"
einem O en erfol gt, welcher eine Tenperatur zw schen etwa nd. et wma

IC hat, und die Verweilzeit des Ganms in dem Ofen zwi schen etwa 0,5 und etwa
1,0 Sekunden | Enftinen &8 \AGKQsHeGathd vathrend-Renightend o bibsbhiidngialsyradkdie; consti t ue

d' &u N0i NS en\das Shecker urCEREMEG [6s AlTgebBYsHS IT6rigaship aird, i) dip ISeeceianrihg Waitg-

Vi STESi t 6 r ebmtdtwas 5 Chpdtet @18rga) Arrebahy/ werddad Gam ddf@inb GamsttetiGontpecetur Mami wesiggtensi r on
8,4 cN dt oxeivd 190G/ etydrmimwirdnodul e d' au nmoins 26 cN dtex (30 g/d), un

r et r ecéssenentHesabbeizen ider Spannueg aradesre Gara nddd Glem@uirpithendes |Hitreckems i zumMmElishetn

i ndi ce de pédedfdag Gamrin dar iLiénga laifieine maxipele iLénge kainerrnird, wairh@ dwiscben eiwa E55md ewant
de longue d8Me&leberisdri eur a environ 105 Angstroms. 50 2. Le fil selon |la
revendi cat i on EMvgsmerseastGare wabrendAe Herabsetayno der Spannung,auf ejpe Garnrelryatinngigmperatur
(35#g/ d) . 3vomYenERiEnSeMAGRO0 | G weRh Al BPiTAY '@ngfaﬁﬂi’“d'éee‘?ﬁ’?‘&ﬁt'“ ‘WA densite d' au
nmoi ns P 15 g/ dtbhlequndPackep deg (Fa"?élaﬂ‘rf’ef He’?’i-ﬁé‘f?al B RPPHH"% present ant une

r Lrefesé'eg?@h‘:'e;@ﬁfg Py AR G4 48 e%ﬁg@gmgwg i 1} d?fs‘ﬁ% S o e 455 °"

EP 0 423 g8 madimale Lingena 2W5eRen g s C
L Mhe SoSverfif, Brl B, 66 if édLr A8 B TG 6
est au"nol Nger gusé‘eléﬁarﬁg%eﬁ&ﬂer %&&f m%a f#a e g fj-ﬁa;f ; Easf%tf emu-

revendi cat i RinmnuRdsHa6i Vor Blosdtais Awa@B GRMTENT a rupture d au noins et on

18% 5 8. Le fil sel on | a revendication 1 presentant une rigidite

super i ourzd, gerfiéh mach ARBrueiN1At ROMEHO die PeraBlieiifd) der Bpatang tadurer| PBigl, Aas die
revendieCat i anAungrtéiweisd iaWenigsiéhs leingrh tnfafbsfliRdibnsmkio@ond herabbosctit witd) SmCai/ bewie x # %
(2RY g/ d#%) ken] dagl@ine efarigsdbnah@ledin dbiaLingy @ttt wad ides) ddnn ChiriaSwditerg LHakabbetalng Eer

Vi SCOSi t 6 1 8panhungevorgsriomenep euird,cum 2u bewdrken| daBrdab GarnlveiterLie dén Lingsedud diel rgaximale
revendi cat i bingénaprabme imteinatn abschiebehdbreRedaxatiopginkregeiebnimmt. a environ 1 cN dt ex
(80 g/d). 12. Le fil selon |a revendication 1 presentant une tension de
retrai rAdxVerishien Mgl iAegprush ol 7e wpichagnan0 ois®  Mehrzahl voaNBafpenden gleigireifig pi. eing. | e
fil selon | ﬁbﬁaéWEfﬁ@P'B'aﬁsﬂeﬁﬁhVﬂ"W%W%ﬁﬁﬂ5Q|¥ﬂ§‘ 75@ mem @rrckpsfUpgwirdi t naxi num
|nferheure a eagr\él éon 0, 26#;:1l>|’|/ dt ex é% 3%ﬁ‘?ld @tgztgl 1;1%qu§{? fLI%lgdsétrangg | a -
revendi c 2 re
de pol (h %f@%% F‘ﬁaﬁ‘ﬁeﬂ‘é? fermnpEwerygsteps ?'"es‘é?la&ﬂssir%?%‘é?/é?ﬁ&la gtfﬂc

pr 6sen ant e sﬁ ﬁ apparente de cristallite supbrieure a environ 62

Angstr OMByg, ngrjfakr%n Ak m&ﬁgheﬁ, EL‘?Qém ld% é%lrn%pec;tggperglﬁ zwischen etwa 190 und etwa 240°C

liegt, und die Garnrelaxationstemperatur zwischen etwa 190 und etwa 240 ° C liegt.

35 24. Verfahren nach Anspruch 23, bei dem die Erwirmung wihrend des Streckens in einem Ofen erfolgt,
welcher eine Temperatur zwischen etwa 220 und etwa 320°C hat, und die Verweilzeit im Ofen
zwischen etwa 0,5 und etwa 1,0 Sekunden liegt.

. 25. Verfahren nach Anspruch 23, bei dem die Erwdrmung wihrend der Herabsetzung der Spannung in
./ 40 einem Ofen erfolgt, welcher eine Temperatur zwischen etwa 220 und etwa 320°C hat, und die
Verweilzeit des Garns in dem Ofen zwischen etwa 0,5 und etwa 1,0 Sekunden liegt.

Revendications
45 1. 'Un fil de polyamide constitué d'au moins environ 85% de poly(hexaméthyléne adipamide) présentant
une viscosité relative supérieure 3 environ 50, une ténacité d'au moins environ 8,4 cN/dtox (9,5#g/d),
un module d'au moins 26 cN/dtex (30 g/d), un rétrécissement & la chaleur et & sec & 160°C inférieur &
environ 2%, un indice de perfection cristalline supérieur & environ 83, et un espacement de longue
durée supérieur & environ 105 Angstréms.
50
2. Le fil selon ia revendication 1 présentant un module d’au moins environ 31 cN/dtex (35#g/d).
3. Le fil selon la revendication 1 présentant une densité d’au moins 1,15 g/cc.
s5 4. Le fil selon la revandication 1 présentant une biréfringence supérieure & environ 0,056.

5. Le fil selon la revendication 1 présentant une intensité de longue durée supérieure & environ 2,7.
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16. “Le fil selon la revendication 1 dans loquel ce fil a un

inferieure a environ 9% 17. Un pr 5%%3.%8 brication d' uﬂ!!i[’ilﬁﬂﬂim |||||”“|

pol yani de constitu6 d'au noins 85% en poids de poly- (hexa

adi pam de) et presentant une tenacite d au noins environ 7,9 cNdtex (9, 0

g/d), un 3 Le fil sefhriecvariza@Al! dand Rqw RUIRUENREE &st %@Gnoingfégé’lé & Whvirdn B/AVAN/dX

2,’ %et un ni@é&/d. d' au moins 26 cN dtex (30#g/d) & partir d un fil

d' alT nentati on choisi dans |a classe constituee par des fils 6ti res,

parti el | enfente Yisplprbly raypndive¥ondtprésentant treallorigeperd & deckBptare d'air Bibiagbrivirah 18%i. 1 er

ledit f&l d' alinmentation dans au noins une 6tape finale d' 6tirage; &

chauffer | %d f-? filfsplpn B"%{P’Pdf?éfm AtPrésentastyngaigiditécaupdrioirn 3 ohvirdi 189 cBitdtemtds (200 glaess).

d' 6tirage; it Mirage et chauffage dudit fil d'alinmentation

etant pou rSu f‘?/f" Spip1g LF"%P"!?@"‘%l]é”qs%{“ﬁ"b'l'i‘gl"é'ﬁ“écﬁu rieyirg § @nviron ﬁs@ﬂé’b&f% K35 a/d#%).

environ, 3, dt ex | orsque ledit fil est chauffe a une

t enper al’ ur@ ge'\%ts?'?'h' °V8'l5' °%'1cﬁ'a'<’i‘tsl jlaqide \3??9?"?6?'?“1@??‘ @pé’&“ﬁlérﬁ"m&’éﬁol a

tensi on exgr t fil s ledit ament

per mattrexiz[jlugee{ﬁ ég{la fcarrtlwﬂd r %Panf %‘ﬁ’@'ﬁl”’]‘ﬁ'gg '95?”[1 8""5‘?%"”@#’?3?9 i num

de | onguo , envis.on

chauf fg ﬁgdgﬁﬁg"bﬁg"‘ %O%rﬁg[%at‘%ﬂ:jl te di muﬁ%ﬁ%{ﬁn der rﬂg?‘ imu, inicriSre gf%ﬁ?”#&ne
15 blvatbt fo,3P§Rf e

tenperature de re axation du fil d' au noins environ 190 C lorsque ladite

di m nut i onamexiimeslord R leddigidfidh 1€ pléselahCindl @nsidil deP rdidit nRkiflm Riricdre 2 joenyion

condi ti onner o.bedntitek {ol3og@y.es | adite dim nution de ladite tension.

proced6 selon ia revendication 17 dans |equel ladite tension est d| m nu6e

suf f i saameIAL Lot uselon) taorevendickition N darisCsquaiBiitl Bofyartie bQRENEMUE dél hofropoly#idrd de poly-

conpri se ent thexamithyleroradipamiad). envi ron 25% 19. Le procedd selon | a

revendi cation 17 dans | oquel ledit chauffage pendant |adite dimnution. de

| a tensi orfSekafil galeris rveridicpion d arésentantund dimeesicndpparenterdeacrigtaliite supsiine 3 dneittin B2 i |

& prdsenter 9sTans @@%ereda"vemfaeéw on cristalline sup6rieur A environ

83. 20.®Le_procedd selon |la revendication 17 dans |equel |adite dini nution

de la tendPolf flé§?'°"rﬁ' ?ée"ﬂ'ﬁat'ﬂ%uﬁ'ﬁ lagus! ceyfili9; une ErPisTaNgeintériow acenyion P%- t ensi on

avec au rrgl,n 0 g%c{%crdrggnt nitial de relaxation pour causer une dinnution

initi ° (POv# ﬂﬁ P%“sﬁﬁé d3v dn9Rsn¥A% SR Reids|dg poly-
s o pour R S kgl Bl s, P e i o
sg ZI mnangt i o'réf?(m;’lg ']aﬁ.ﬁmﬁ Tec "“fé' aur ° ‘A %ﬁg J ? s, 28 /s 23
EP 0 423 soset%ﬁﬁ( o on sho! di’fd"‘ iisf‘iiTsH?PPF' o3 1% £4ro%. parfiglippent

et non-étirés, ledit propédé consistant:
LM S ™ 2T, chraPbeRif Somahaith coid o, Sne Ohedl e%elc?éf; g _en oeuvre sur une
mul tiplicite dg cRiukétFedi®i d dllJ'ﬂSﬂtélb nhﬁﬁ‘%& s &bty Iéﬁ%ﬁra
condi t isgnnemenledit 8iFaYe o BhaBiftdgb QudltaW d'Qimedtakd unw ‘E idh étlﬁage
revendi cat i Odeigne &leGins antitoa 3,3 Mtitdx (8, !édld)%rs'&hé ﬁﬁimﬂ%’%t' éﬂﬁhﬂ@% un 'ﬂ-)rr?pb ure d'étlra
d' al i ment at i durfil §au moins gd&fohi1@ddoement dtir6 ou non-6tir6 et ledit etir ag
conprend encor & diminueDianensidin exeflS&RR 1ddR il apilsQedit éBrlabd’ AFRanINeHD bouk Pélinbte BLAANE
finale d dt ldea:gﬂmuer de longueur jusqu'a une diminution maximum de longueur comprise entre environ 13,5 et
\_/ 40 environ 30%.
& chauffer ledit fil pendant ladite diminution de ladite tension jusqu'a une température de relaxation
du fil d'au moins environ 190°C lorsque ladite diminution maximum de longueur est atteinte; et
& refroidir et & conditionner ledit fil aprés ladite diminution de ladite tension.

45 18. Le procédé selon la revendication 17 dans lequel ladite tension est diminuée suffisamment pour que la
diminution maximum de longueur du fil soit comprise entre environ 15 et environ 25%.

18. Le procédé selon la revendication 17 dans lequel ledit chauffage pendant ladite diminution de la
tension est poursuivi pendant une durée suffisante pour amener ledit fil & présenter un indice de
50 perfection cristalline supérieur & environ 83.

20. Le procédé selon la revendication 17 dans lequel ladite diminution de la tensnon est mise en oeuvre par
diminution partielle de la tension avec au moins un incrément initial de relaxation pour causer une
diminution initiale de longusur et ensuite par poursuite de la diminution de la tension pour amener ledit

55 fil & diminuer encore de longueur jusqu'a sa diminution maximum de longueur avec un incrément final
de relaxation.
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53. -Le pr ogede selon la revendication 17 dans lequel ladite HHII,
"etirage du fil est conprise ent hdgsy 190 et environ Zﬂmn""m
tenperature de relaxation du fil éei?gg%%prlse entre environ 190 d0c w e *
environ 240 C. 24. Le proced6 selon |a revendication 23 dans | oquel |edit
chauf f aget.pensiasds soidlild reanticaige 12mis efiosuvisupris\niuttiptikitéi ge biins ke tiks sitpbanément e

t eaper at ur e apVpssssds @nditichnaivui dodprisa 20trect50 X0 MPm. 320- C, | e tenps de

sejko‘ur dans ce four etant conpris entre environ 0,5 et environ 1,0 seconde.
t5 25. L@2.pieoprécidé selbmiie reyendisation di7 cdens daqued Jodii oiih <I'dlimentatibn legtaint fil (diplimprtatige
pendant | adpatielletient dligg suomrendtiré et ledit: flisage reomprendngnsore u Beiny pre Hzpednitisle 4'Yitage

ayant une tavapdadig diane fipdimeiétirage- entre environ 220 et environ 320 C, le tenps
de sejour dudit fil dans ce four_etant conpris entre envirgn 0,5 et environ

1,0 secoRdee pepégasselnn lgtevangiggtion k7 days ‘lygueégdi e température d'étirage du fil est comprise entre

environ 190 et environ 240°C st ladite température de relaxation du fil est comprise entre environ 190
10 et environ 240°C.

24. Le procédé selon la revendication 23 dans lequel ledit chauffage pendant ledit étirage est mis en
oeuvre dans un four ayant une température comprise entre environ 220 st environ 320°C, le temps de
séjour dans ce four étant compris entre environ 0,5 et environ 1,0 seconde.

15

25. Le procédé selon la revendication 23 dans lequel ledit chauffage pendant ladite diminution de la
tension est mis en oeuvre dans un four ayant une température comprise entre environ 220 et environ
320°C, le temps de séjour dudit fil dans ce four étant compris entre environ 0,5 et environ 1,0

seconds.
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