H GH STRENGTH HEAT BONDABLE FI BRE Efficient, high speed spinning
and-*processi ng of polyolefin fiber such as pol ypropyl ene requires careful
‘scontrol over the degree of chem cal degradation and nelt flow rate (MR
of the spun nelt, and a highly efficjent quenching step for avoiding both
over- orsunder-quench (i.e. nelt friacture or ductile failure) during high
"speed conmmercial production. This invention inproves control over
pol ymer -degradation, spin and quench steps and obtains fiber or filanent
for produci ng nonwoven fabrics with increased strength, toughness,
I ntegrity and heat-bondi ng properties. Such are obtained by use of a
process characterized by the steps of A. adm xing an effective
anount of at |east one antioxidant/stabilizer into a spun nelt conprising
pol yol efin pol yner or copol yner and preferably a polynmer having a broad
nol ecul ar wei ght (wt. average/ nunber average) distribution such

HIGH STRENGTH HEAT BONDABLE FIBRE

Efficient, high speed spinning and processing of
polyolefin fiber such as polypropylene requires careful
control over the degree of chemical degradation and melt flow
rate (MFR) of the spun melt, and a highly efficient quenching
step for avoiding both over- or under-quench (i.e. melt
fracture or ductile failure) during high speed commercial
production.

Thig invention improves control over polymer
degradation, spin and quench steps and obtains fiber or
filament for producing nonwoven fabrics with increasged
strength, toughness, integrity and heat;bonding properties.

Such are obtained by use of a process characterized by
the steps of

A. admixing an effective amount of at leagt one
antioxidant/stabilizer into a spun melt compriéing polyolefin
polymer or copolymér and preferably a polymer having a broad
molecular weight (wt. average/nuéber average) disfribution

such



2 as isotactic polypropylene, in the presence of a degrading agent. A
suitable MFR (nelt flow rate) for spinning being about 5-35, in the
: substantial absence of oxygen, oxygen-containing, or oxygen-evol ving

.gases. Various other additives known to the polyneric fiber -spinning
art can al so be incorporated and apﬁlied, as desired, such as pignents,

- colorants, pHstabilizers, lubricants and antistatic agents in usual
anounts (i.e. about 1% 10% by wei ght or | ess); B. spinning the spun

melt at a tenperature, preferably wthin a range of about

250[ err] C. a825petagCicipelyptapitiane.ena, thadpresensypledr ac degvad nmgrent
favoring Ié%%%g orbng ggégf#lve ;&&3& gigh:s%gghQEQradatlgn o;#;he

pol yneric nent( &Y HER D F r4 g SPRENIPE Nke L st ep;

C. taking esrgsultin of...extr e Qorly uenched or essentially
unquenchedggp%gnan?$’u %eehéhéqu%ﬂféﬂ%ﬁi3%B5?ﬁﬁs gpggfg’obtain suf fici ent
oxygen gas LEEUs) . ef f agﬁﬂgg_ ' X} | ve chain scission

degr adat i o_r?zg?t?%hgbﬁg?ig?(ﬁhgg e ﬁ %g’h%%nga%%ﬁé D. fully quenching
and finishing tig ;8asl iner fdddrERies kPoRR! 8bNtRe NIk g0 oged surface
zone of |ow nol ecular weight and |ow birefringence; and a mnimally
degraded, s@priypifagl APE banedlsngantincorporaesdi gnd aippgiiedsakd two zones

representing extrene configurations bounding and defining an internediate
zone (conpdesitrefbh) sEchuae fdigmdntint eododante, pibtsuadriildzexsdati ve
degradation and crystallinity, the .
lubricants and antistatic agents in usual amounts (i.e. about
1%-10% by weight or less);

B. spinning the spun melt at a temperature, preferably
within a range of about 250°C.-325°C. for polypropylene, and
atmospheric environment favoring little or no oxidative chain
gcission degradation of the polymeric comﬁonent(s) within
said gpun melt during the spinning step;

€. taking up the resulting hot extrudate (poorly
quenched or essentially unquenched £ilament) under an
oxygen-rich atmosphere to obtain sufficient oxygen gas
diffusion to effect a threadline oxidativé chain scission
degradation of the hot extrudate or filament; and

D. fully quenching and finishing the resulting filament
to obtain a highly degraded surface zone of low molecular
weight and low birefringence; and a minimally degraded,
crystalline birefringent inner configuration, said two zones
representing extreme configurations bounding and defining an
intermediate zone (component (b) Figure 1) of intermediate
polymeric oxidative degradation and crystallinity, the
thickness of which depends egssentially upon fiber

crogsg-gectional



t hi ckness

of which depends essentially upon fiber cross-sectional

3 *® structure and the rate of cooling of the hot extrudate or fila
.:and oxygen concentrati on. A fiber or filanent of this inventio
preferably wutilizes "broad nol ecul ar wei ght" polyolefin polyner or

nol ecul ar

copol yner such as a polypropylene-cdhtaining spun nelt having incor

-therein an effective anount of at |east one antioxidant/stabilizer
conposition, the resulting fiber or filanent, when quenched, conpri
in conbination (ref. Figure 1), (a) an inner zone, shown
schemat i cafFyuglkuze %é%éé‘fcﬁoﬂfi toq ing ©f1 theshpepxrtfudaterprmi ni
oxi dative

| yiey | dation, hjigh birefri . and i ght
SRP AT AR TR CRPERRH SE18hge of about 100 000- 450, 0

preferably mﬁthA égnofuy%fgggthQfo i g invengggkiﬁﬁskgéié diate z

general ly

externalTy concentric 'to the descri

i denti fi edyBY1 i PEPIFORSH ollleRBLHE- 1O Pkl Iﬂﬂ)yoare,e%egéwx&e%zdat lve
sci ssion degradation, the polyneric naterial wWthin the ~ i1 nternedi at
havi ng a nmgbgewinaér VvidhtasdagalyphopEbene-ldvit dik@ngaspdne Havduge 1

m ni mum range of | ess +than about 20,000 and preferably about

10, 000- 20, @80orpetated ther@inaanuefdect rmameant oifl gtekxéssthaddey .concentric
to the internedi ate zone and defining the external surface of the spun
fiber or fehbkenidanuistahidizes conpoditinp, the resulting fiber or

down to a

filament, when quenched, comprising, in combination (ref.
Figure 1),

{(a) an inner zone, shown schematically as a
crogs—section in Figure 1, is identified by minimal oxidative
polymeric degradation, high birefringence, and a weight
average molecular weight con%eniently within a range of about
100,000-450,000 and preferably within about.100,000—250,000;

(b) an intermediate zone generally externally concentric
to the described inner zone and further identified by
progresgive (inside-to-outside) progressive oxidative chain
scigsion degradation, the polymeric material within fhe
intermediate zone having a molecular weight gradation less
than the '"a' zone of Figure 1 down to a minimum range of less
than about 20,900 and preferably about 10,000-20,000; and

(¢) a surface z0ne generall& externally concentric to
the intermediate zone and defihing the external surface of
the spun fiber or filament, such surface zone being
identified by low birefringence, a high concentration of
oxidative-chain scission-degraded polymeric material, and a
weight average molecular weight of less than about 10,000 and

preferably about 5,000-10,000.
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identified
sci S8si on-d
-swei ght of

by | ow birefringence, a high concentration of oxidative-ch
egraded polyneric material, and a weight average nol ecul ar
| ess than about 10,000 and preferably about 5,000-10, 000.

4 - Figure 2 schematically represents cross-section of a

correspond

I ng bi conmponent -type fiber* or filament zones in which (a'),

“and {c') are defined substantially as counterparts of elenents a-c of

Figure |
same or d
of a spin
conpati bl e

nonoxi dat i
| ow-birefr
(a').-

conventi on
t he bi conp
4,717, 325
Co., '71),
envi ron-

melt or th

while elenent (d') represents a biconponent core el enent of
ifferent nelt conposition which is conveniently applied by
pack iFigareof@veohenatlcaklnarepriesrsts| ayess<{sgtiohebfgaof a

ain

(b")

t he
use

(i.e. core-wettable) polyneric material. Core elenent, (d') is
pref er abl y §Ones@oRddngi hi cpapoRentdaine deasdonnt i bamenta zomest antial | y
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eslen?@’ aaﬁﬁcéﬁg)%eﬁ ore’ %tlpe?i%n.%’ 897@&7&1&-’\%@11 200,

and " Bi conponent ers", R Jeffries, rrow Monograph Pub

d@@?ﬁﬁénﬁfaéltheoﬂﬁséﬁtianiwﬁathoﬁsnbbheeﬁﬂeﬂﬁlyﬂdyyliEBGB% gas
(6]

ment to di splace and m nim ze oxygen diffusion into the t
ardwiofcar @péhepack pniadrcdmvenijilonadt mannef, ainner layer (a')

being of a compatible (i.e. core-wettable) polymeric
material. Cbre element, (d') is preferably formed and
initially sheath-coated while in a substantially nonoxidative
environment in order to avoid or minimize formation of a
low-birefringent, low molecular weight interface between
zones (d').and (a'). _ ‘

The sheath and core elements of bicomponent fiber can be
conventionally spun in accordance with equipment and
techniques known to the bicomponent fiber art (ref. U.S.
Patent 3,807,917, 4,251,200, 4,717,325 and "Bicomponent
Fibers", R. Jeffries, Merrow Monograph Publ. Cd;, '71), except
for the pfeferred use of nitrogen or other inert gas environ-
ment to &iaplace and minimize oxygen diffusion into the hot
spun melt or the hot cofe element prior to application of a
sheath component around it.

For present purposes the term "effective amount', as
applied to the concentration of antioxidant/stabilizer
compositions within the dry spun melt mixture, is defined as
an amount, based on dry weight, which is capable of

preventing or at least substantially limiting chain scission

nd
to
| .

spun



sheat h conmponent around it. For present purposes the term"effective
anmoint", as applied to the concentration of antioxidant/stabilizer
~sconpositions within the dry spun nelt mxture, is defined as an anount,
based on dry weight, which is capable of preventing or at | east
substantially limting chain scissi 5
" degradation of the hot polyneric -conponent(s) within fiber or
filanment-spinning tenperature range, assunm ng the substantial absence of
oxygen, an oxygen evolving, or an oxygen-containing atnosphere. In
parti cul ardegras@tdomt oft tba hot palymearigoceompaneok{enmitdumddiberons
sufficient _to effectively |limt chain scission degradation of polyolefin
conponent flamentyS@dngdng HBPPCEIHPULRANES WAERIRIBE tR&perature range of
about 250[%&%40' t,0 a%out 325 er%%g. in the substfntial absence of an
oxi di zi ng CHRAPRIHEIAPESEACART CRN&h, 21 P=¥ReB: REPLEG e AL ni xt ur es.
The- above |nitiQn . 1 ts : Lal f en
i T usi on SHE SeGate A IRer dEhos PRER. ° ) DAATIELAR,  ARUUer RIS 1

melt zone &f dhie ciPwdrlel RAE ibREEARE | dinpd t iVn5CRHERYC fONOS{d €am to a poi nt

where natural heat [oss and/or an applied quenching environnent |owers the
fiber surégFecticmlsr aliwie thainpodidsierdegdadaenoi 6f UséBfoligttia the spun

fiber or filament is negligible (250[err]C or below for pol ypropyl ene
pol ynmer orcompmienteof. a heate@espuninel tspomipondtivhewithit aonbi ned
antioxi dant/stabi- |izer concentration usually falls wthin a range of
about temperature range of about 250°C. to about 325°C., in the
substantial absence of an oxidizing environment such as
oxygen, air or other oxygen/gas mixtures. The above
definition, however, permits a substantial amount of oxygen
diffusion and oxidative polymeric degradation commencing at
or about the melt zone of the'spun fiber threadline and
extending downstream to a point where natural heat loss
and/or an applied guenching environment lowers the fiber
surface temperature to a point where oxygen diffusion into
the spun fiber or filament is negligible (250°C or below for
polypropylene polymer or copoiymer).
Generally speaking, the total combined antioxidant/stabi-
lizer coﬂcentration usually falls within a range of about
.002%-1% by weight, and preferably witﬁin a range of about
.005%-0.5%, the exact amount depending on the particular
rheological and molecular properties of the chosen broad
molecular weight polymeric compoﬁent(s) and the temperature
of the spun melt; additional parameters are represented by
temperature and pressure within the-spinneretﬁe itself, and
the amount of prior exposure to residual amounts of oxidant

such as air while in a heated state upstream of the



. 002% 1% by wei ght, and preferably within a range of about .005%0.5% the
exaét anmount depending on the particular Theol ogi cal and nol ecul ar

.. properties of the chosen broad nolecular weight polyneric conponent(s) and
the tenperature of the spun nelt; additional paranmeters are represented by
tenperature and pressure within theS6spinnerette itself, and the anount of
"prior exposure to residual amounts of oxidant such as air while in-.a

heat ed state upstream of the . 6
spinnerette. Bel ow or downstream of the spinnerette an oxygen/nitrogen gas
flow rati o $#inase@tte00- Belowoor bfownat naammofathgnbpbneretiperat ure up to
about 200[err]C plus a delayed quench step are preferred to assure

adequate c end BiLLiogR NI &8P aHAPY oFr kO t9fe 3POMFMEP O bPipdmthtb¥and to
id [ d.th .bondi h teristics, | to i d
D Pengt h, - oTUAHIERA oo AD: S0EHEEREDREFER, R, Eos PO hed0d Fom kit oo
" ¥ . . gi
Conmos, 11 oYY AR Sk85) a0k FiERkSred ro ashifelEREGa ARILSL MO

sufficient §0iAiRR AFRHadathenaBpl Ll pOyir ReADoABAL PALS S ?srto%h%e spun

melt mx and obtain a spinnable MFR (nel't flow rate) val ue. sum ng the

preferred ubspaivedl Wheathatobending owagddtediisthiicbyt ieadbig to increased
pol ypr opyl ene-contai ning spun nelt, this constitutes an anount which, at a

mel t tenpersitiengthangd onga2ibheand Gowglojems o€ noawdvens t frrmadb Strant i al
absence of oxygen or oxygen-containing or oxygen-evolving gas, is capable

of obt ai ni nhé GHRESRONding continuous fiber or staple.
' The amount of degrading composition used can extend from
0% up to a concentration, by weight, sufficient to supplement
the application of heat and pressure to the spun melt mix and
-obtain a spinnable MFR (melt flow rate) value. Assuming the
preferred use of a broad molecular weight distribution of
polypropylené-containing spun melt, this congtitutes an
amount which, at a melt temperature range of 275°C.-320°C.
and in the substantial absence of oxygen or oxygen-corntaining
or oxygen;evolving gas, is capable of obtaining a spun melt
within a 5-35 MFR range.

Suitable antioxidant/stabilizer compositions, comprise
one or more art-recognized antioxidant composgitions inclusive
of phenylphosphites such as Irgafoé§>168, Ultranoég)
626(Ciba Geigy) o yoor B pEp_q{Sandos Chemical Co.),

N,N'bis-piperidinyl diamine-containing compositions such as

Chimassors® 119 or 944(American Cyanamid €o-). nindered

phenolics such as Cyano:ég)lwo(Amerlcan Cyanamid){
Irganoég)1076 or 11&25<C1ba Geigy) and the like.
The term “'quenching and finishing', as here used, is

defined as a process step generic to one or more of the steps



within a 5-35 MFR range. Sui t abl e anti oxi dant/stabilizer
conpositions, conprise one or nore art-recogni zed anti oxi dant conpositions
~inclusive of phenyl phosphites such as Irgafos 168, U tranox[err] 626(C ba
Gei gy) sandostab[err] PEP-Q Sandos Chem cal Co.). N, N bis-piperidinyl
di am ne-cont ai ni ng conposi tions such'as Chi massorb[err] 119 or
"944( Anerican Cyanam d Co.); hindered phenolics such as Cyanox|[err]
1790( Aeri can Cyanam d) |Irganox[err] 1076 or 1425(Ci ba Ceigy) and the
i ke. The tern1"quenchi€% and fjinishing", as here used, is, defined

as a proces9fsBap GBRABFRc tLPBHATAY (RRTdMEFYt fRd sfeqpndary if desired)

7 f ' Y : d I f desired d
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Fiber of 111 OEaRoB aP ot | o He e R ap n e heror and, caratBRIT 4F o be

conti nuous FrAieeqstaple fiber, such fiber being shown schematically in
cross-section in the acconpanying Figures as a nonoconponent- (Figure 1)

or bi conponent - T¢pigalesgint §higer tdre fiilamentoobtainddeid @ererdanbavi ng a
relatively high crystallinity and birefringence with " negligible or very
smal | pol yneriith ¢hedaresenthanvestigsicam béegoatiimwous and/or bmhaphe

bi component-type fiber or filanent, the corresponding inner |ayer of-the
sheat h el endritbars BYfPBafaBrE Peing BT SCRERALLERRLY ol KT OEENFBELEPDSS

sectional area %f a . . .
in the accompanying Figureg as a monocomponent- (Figure 1) or

bicomponent- (Figure 2) type, the inner zone in the former,
having a relatively high crystallinity and birefringence with
negligible or very small polymeric oxidative chain scission
degradation.

In the bicomponent-type fiber or filament, the
corresponding inner layer of the sheath element is comparable
in physical condition to the center cross sectional area of a:
monocomponent fiber, however, the bicomponent core element is
not necesgsarily treated in accordance with the instant
process or even congsist of the same polymeric material as thé
sheath component, although preferably compatible with and

 wettable by the polymer forming inner zone of the sheath
component.

The above-~described zones within Figures 1 and 2 are

'representative of the effect of the instant process on
monocomponent and bicomponent fibers but the described zones
are usually not visually ascertainable in test samples, nor
can an even depth of oxygen diffusion throughout the treated

fiber be assumed.



nonoconponent fiber, however, the biconponent core elenent is not
necessarily treated in accordance with the instant process or even consi st
of the same polyneric material as the sheath conponent, although
preferably conpatible with and wettable by the polyner form ng inner zone
of the sheath conponent. The dbove- described zones within Figures 1
and 2 are representative of the effect of the instant process on
nonoconponent and bi conponent fibers but the described zones are usually
not visually ascertainable in test sanples, nor can an even depth of
oxygen dlffu5|onAFhabﬁgﬁo%@t?%e1ﬂﬁb&W@GaHtlbéveﬁﬂﬂﬁmshﬁﬁdHOt necessar—

bove noted, the ant |nvent|on gdoes, not. necessar -

8 st
require thetl inFFﬁBﬁr%ft%? I%ﬁan%ﬂ 3 GPPHERE H%Eﬁ%uﬂQﬁymeég ﬁ8r§$1ﬁ%e spun

aﬁgﬁengxloagégg nfﬁsgﬁ?egég?éfdgg%éﬁé/gﬁtﬁ g é?#tq%fékgﬁsgglogrlPfca?gf
ot her reaS%%gFahs '\/Eﬁlyaiweﬂlamqm%@s%@ Qﬁéwﬁé mtspﬁm% wi se

too high for I Cl nt spinning. In general, however, suita Ie MFR (el t

flow rate) fiQmpeRhthpb &RESOF o dHEUIRS 9% P&efb@ﬁéd obsxallrfed £by 6enef ul
choi ce of a broad nol ecul ar wei ght polyolefin contalnlng pol ymer to

provi de t he pragdad,r bhel BER -vahipd ehdhedhehekdgpohymay afeditt igsothern-
operating within a spun nelt tenperature range of about

275[ err] C. - 3d@eetopChigbr fopotfhicigntes@inning. Fim genegedt, pnwpmSES'a

quenching Oguhngggco O?Sgit flow rate) for initial spinning purposes is
best obtained by careful choice of a broad molecular weight
polyolefin-containing polymer to provide the needed rheologi-
cal and morphological properties when operating within a spun
melt temperature range of about 275°C.-320°C. for
polypropylene.

For present purposes a quenching of the bicomponent
fiber is preferably delayed at the threadline, by partially
blocking the quench gas, and then providing air, ozone,
oxygen, or other conventional oxidizing_environment (heated
or ambient temperature) further downstréam to assure '
gsufficient oxygen diffusion into the sheath element and
oxidative chain scéssion within at least surface zone (c¢')
and preferably both (c') and (b') zones of the sheath element
(ref. Figure 2).

‘Yarns as well as webs for nonwoven material are
conveniently formed from fibers or filaments obtained in
accordance with the present invention by jet bulking, cutting
to sﬁaple, crimping and laying down the fiber or filament in
conventional ways and as demonstrated, for instance, in U.S.
Patents 2,985,995, 3,364,537, 3,693,341, 4,500,384,
4,511,615, 4,259,399, 4,480,000, and 4,592,943,



fiber is preferably delayed at the threadline, by partially blocking the
quench gas, and then providing air, ozone, oxygen, or other conventional
.oxi di zing environnent (heated or anbient tenperature) further downstream
to assure sufficient oxygen diffusion into the sheath el enent and

oxi dative chain scission within at |%ast surface zone (c¢') and preferably
"both-(c') and (b') zones of the sheath elenent (ref. Figure 2).

Yarns as well as webs for nonwoven material are conveniently forned from
fibers or fila

d d i th th tion b
jet bulking, cu %‘g Jt%'{ & ;}l andc g3 ?‘?35%}%“61 iﬁg gaﬁetn#eb?n’ivggrlgp d

filament i e, in US

Patent s 2. 55259 %g{%i%g@ HE %§%gg§@ ﬁ’?%@p ot gg,gﬂg%@l%c 4, 259, 399,
4,480, 000, candedt b¥raP4Piamond-, delta-, oval-, "Y—" "X-" and ddk

Vhlle Figures | and 2 shom1general|y circular’ fiber cross sections, the

present i nbent+gimaped Mitoso deictiibad. arCoayeatiyoraleadbdmenditheldp , oval -
"Y-", "X-" and dog bone-shaped cross sections are equally treatable within
the instannstanbninvention. The present invention is further

denonstrated, but not limted tQ the foll ow ng

EXAVPLE | The ypH@IeNE JiRYEBEARBSE 8| 6%§th%rerﬂqmn§&rnéeéafmtr nef SC-1

limited to the following Examples:

EXAMPLE I

Dry melt spun compositions identified hereafter as SC-1
through SC-12 are individually.prepared by tumble mixing
linear isotactic polypropylene flake identified as "MA"-"D" in
Table I (Himont Incorporated) and @aving Mw/Mn values of
about 5.4 to 7.8 and a Mw range of 195,000-359,000, which are
admixed respectively with about 0.1%4 by weight of
conventional stabilizer(s) (see above). The mix is then
heated and spun as circular cross section fiber at a
temperature of about 3C0°C. unéer a nitrogen atmosphere,
using a standard 782 hole spinnerette at a speed of 750-1200
M/m. Thé fiber thread lines in the quench box are exposed to
a normal ambient air quench (cross blow) with up to about
5.4% of the upstream jets in the quench box blocked off to
delay the quenching step. The regulting continucus
filaments, having spin denier within a range of 2.0-2.6 d4pf,
are then drawn (1.0 to 2.5X), crimped (stuffer box steam),
cut to 1.5 inches, and carded to obtain conventional fiber
webg. Three ply webs of each staple are identically

oriented and stacked (machine direction), and bonded, using a



t hrough SC-12 are individually prepared by tunble mxing linear isotactic
pol ypropyl ene flake identified as "A -"D" in Table I (H nont |ncorporated)
.and having MV Wn values of about 5.4 to 7.8 and a Mw range of

195, 000- 359, 000, which are adm xed respectively wi th about 0.1% by wei ght
.of conventional stabilizer(s) (see¥bove). The mix is then heated and
"spun as circular cross section fiber at a tenperature of about 300[err]C.
under a nitrogen atnosphere, using a standard 782 hol e spinnerette at a
speed of 7501 Mm_  The fi.ber_thread li.nes_in the quench box are
exposed to gﬁéﬁ)g‘r%ngleséﬁﬁi 55?839% et REaYE E?IEBW)”W"?W%é}t 5%833ut 5. 4%
of the upstyepp | iR o-he n X ?gq§ . : Jenchi ng
step. The r%sult%%&ség%tFﬁdoggg %??gﬁg%g , §§«§§B§p?n1@§%?§¥}aﬁfayﬁ a
range of 2.€@esk Godinovendl Geli pRANGr B2 B toth/2d%X) , TESE NPEck Sl f er box
steam), cut to 1.5 inches, and carded to obtain conventional fiber webs.
Three ply wedsh aforsmciensi(apl 2 are adentheralidentdeiad by edomvehisionali g
(machi ne direction), and bonded, using a :

10 di anotes s ifpr €3 stadenghh feepeiie teat@rpéranuirstodin about 157C. or
165[err]C.,_and 240 PLI (pounds/linear inch) to obtain test nonwovens

wei ghi ng 17iRcoeperagfdjedrpgatiqnsand toyplingss bagpd nopvdiages/strain") are

then identi cal tigpal Ly, tested for CD strepgth (tensile test
From | nat r oRee Y8, SGHHAR: odfheeF JRGA: FOFALFE Homtin e b LAstir TheLLt AEES) ot rai n
curve val uegepJhGed 1P MALBTRYEET, AL EAP U ny $8E9bB1Mhérs described

in Table I, the "A" polymers being used as controls.

Example I is repeated, utilizing polymer A and/or other
polymers with a low Mw/Mn of 5.35 and/or full (non-delayed)
quench. The corresponding webs and test nénwovens are other-
wise identically prepared and identically tested as in
Exahple 1. Test results of the controls, identified as C-1
through C-9 are reported in Tables II-IV.



reported in Tables I1-1V, below, using the polyners described in Table I,
the "A" polyners being used as controls. Exanple | is repeated,

utilizing polyner A and/or other polyners with a |ow MV Mn of 5.35 and/or
full (non-delayed) quench. The correspondi ng webs and test nonwovens are
other- wise identically prepared andlidentically tested as in Exanple 1.
Test results of the controls, identified as CG1 through CG9 are reported

in Tables I1-1V. [err]
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SC-3 157 18. 7 593 334 G2 157
18.9 231 86 106 C-3 157 21.3 210
. 73 83 C4 157 20.5 275 74 110 SC-4
157 18. 3 226 83 102 SC-5 157 20. 2
568 137 421 SC-6 157 13 19.1 429 107 245
SC- 7 157 21 642 136 485 SC-8 157
19.8 498 143 392 SC9 157 21.7 787
158 704 C-5 157 19. 4 467 136 350 C-6
157 19.1 399 106 233 C7 157 19. 8
299 92 144 C-8 157 17. 4 231 83 105
SC- 10 157 20.2 568 137 421 C9 157
20. 4 448 125 300 SC-11 157 19.4 274
86 122 SC-12 157 18. 7 593 107 334 SC-13 157
19.4 688 132 502 : 15
TABLE |V (Conti nued) FABRI C CHARACTERI STI CS
(Variation in Cal ender Tenperatures) CALENDER FABRI C Mel t
Tenp Wi ght CDS CDE TEA Sanpl e ([err]C.) (g/sg
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SC-8 165 20. 4 568 149 468 SC-9 165

22. 8 853 147 710 G5 165 17. 4 449

126 303 C6 165 18.5 - 485 117 307 C7

165 - 19.7 482 130 332 C-8 165 19. 2 .

389 103 214 SC-10 165 % 17,9 614 151 532 G 9
165 19. 4 552 154 485 SC- 11 165 20. 1,

544 127 366 SC- 12 165 19.7 829 118 528

SC- 13 165 19.2 746 138 576 16 CLAI M5
1. A nmelt spun polyolefin fiber or filanmenr having a surfacce zone
conprising and external surface of highly oxidative degraded polyolefin
of | ow nol ecul ar wei ght and an i nmg_%@ of mnimally oxidative
degraded pol yol efin of high nol ecul ar- wei ght nade from 5 a polyolefin

havi ng a broad nol ecul ar wei ghFABRICr CHARACTERISTICS 2. A fiber or

filament according to cl@aniatiler éhnCahenda Yempleiratse®pl ypropyl ene
pol ymer or copol ymner . A fiber or filanment according to claim!l

10 3
wher ei n t he,pol yol ef {AHPERDER, | ﬂ?’gs | ene pol yrer . 4. A fiber
or filanmentgartos di nEarg any &€ he ﬁ%,cedi Egscl ai TEAwherei n said
pol yol efin a#‘ﬁ% a nol : fRut i ohghi’:- B nol ecul ar
wei ght distgiputionky of at hLgagt 5.5. 153 5.
accordi ng tgc<l ai m 4 swherein sal ¢ pol yol7e§1 n ha\ig g a
wei ght di sts¢kution Isgs a nol egupar wei gtz di st jkputio

A fjiber or filanent
ad nol ecul ar
f at | east 6.59.

20 6. ¥C+3 ber @57 ilanenggagcordi nggzo clahgy4 whefein said polyol efin
havi ng a broad nol ecul ar wei ght distribution has a nol ecul ar wei ght
di stributi drdf at 1183st 7.1418.9 7. 231 A fibgr acgggding to any of the
3501 g y
precedi ng T:ﬂ ns V\/nilgﬂ is a s2hpde fiber2l0 25 83 gsfiber or filanent
accordi ng t'6 any of_l Ke prece®®ny cl ai m@Mner ei n76he i Tier zone
pol yol efi n fhas, a Weilgl}\t avera_gg iml ecul %rzswei ghtsé)f from 100, 000 to 450, 000
grans/ mol e.g¢_s 157 20.2 568 137 ig% |
- §C-6 157 o 19.1 429 107 245 .
SC-7 157 21 642 136 485
- SC-8 157 19.8 - 498 143
SC-9 157 21.7 787 158 332
C-5 157 19.4 467 136 350
C-6 157 19.1 399 106 2
c-7 157 19.8 299 92 122
C-8 157 17.4 231 83 105
" SC-10 157 20.2 568 137 421
C-9 157 20.4 448 125 300
SC-11 . 157 19.4 274 86 1
SC-12 157 18.7 593 107 3:232
SC-13 157 19.4 688 132 502



9. A fiber or filanment according to claim8 wherein the inner zone
pol yol efin has a 30 wei ght average m)l ecul ar wei ght of from 100, 000 to

250, 000 grans/ nol e. A fiber or filanent according
to any of the preceding clains - A{)ol yolefin has a nelt flow rate of
from5 to 35 dg/ mn. 11. ¥iber or filanment according to any of

the preceding clainms wherein the surface 5 zone pol yol efin has a wei ght

aver age nol ecul ar wei ght of |less than 10,000 grans/nol e. 12. A
fiber or filament according to claim 1l wherein the surface zone polyolefin
has a wei ght average nol ecul ar wei ght of from5,000 to 10, 000

grans/ nol e. 10 13. A fiber or filanment according to any of the
precedi ng clains wherein the inner zone has a high birefiingence, and
the outer zone has a | ow bir clABldgdVcdContinuedl 4. A process according
to any of the preceding clalns mhereln t he surface zone and t he i nner
zone define an internedi at e ZABRL EW@@% %?5? Qol nerlc oxi dati ve
degradation 15 and éV?%%%ﬁ%??ﬂ%@/calen er igmperatlitfthess according to

clainms wherein the fj gﬁ#@%% further conprises an i nternedi ate

zone gener alggf:ext er s c to tcgg mne& one fadvi ng progressive
oxi dative c Cis degrag vm t %f vigl QQ}_. ¥ ange of
slightly le t inn z % 000. A

fiber or filAanent acgggdi ng top@ny of t hg7grecedi 9g cl gy wher el n the
pol yol ef i n hgading a beead nol eg)@r wei gigis3di stridupti orypont ai ns an

ef fective argpHit of aes ani9 oxi dant/ $08bi | i z&33 con@&i ti on. 25 17.
A fiber or fdg-8nment aé5cl ai nedl9«7 cl ai m 889%wher el b8t he J28 yol ef i n cont ai ns
0.002 to 1% by wei ght of the anti OXI dant / st abl I | zer corrp05| tion.

18. A filfe2 or fil&hent acclBding to of th &k ng clai ns

cont ai ni ng J east Jone ant %;; dant/st“ | | zei % Ogeal on sel ected from
the group ¢ & sti ng p phosphl B i i di nyl

di am ne- contﬁl i ng cgggoa ti onfg and hi nq%roed 11phenoj4¢s, and mxtures

ther eof SC-5 165 17.9 614 151 532
SC—6 165 19.9 718 142 552
SC-7 165 20.5 753 157 613
SC-8 165 20.4 568 149 468
SC-9 165 22.8 853 147 710
c-5 165 17.4 4439 126 303
c-6 165 18.5 485 117 307
c-7 165 19.7 482 130 332
c-8 165 19.2 389 103 214
SC-10 165 17.9 614 151 532
c-9 165 19.4 552 154 485
sc-11 165 20.1 544 127 366
SC-12 165 19.7 829 118 528
SC-13 165 19.2 746 138 576



19. A fiber or filanment according to any of the preceding clains

degr-adi ng agent. 20. A fiber or filanment according to any of
clainms 1-18 that does not contain a 5 degradi ng agent. 21, A
fiber.or filanment according to any of the preceding clains which-i-s-a

nonoconponent flber“arsillanent 106 22. - AT BeEr o) ﬂ““p
according to any 1; the clairms—1-20 which is a shea &m “@w onent
fiber or fllanent “f.ﬂﬁhg%&l er zone is part of the

internally coﬁ , j%?7'eaamd generally externally concentric to a

core el enent. rocess for nmaking a fiber or filanment,
conprising: 15 providing a nelt conpri sing polyolefin
havi ng a broad nol ecul ar wei ght di stribution and containing an
effective anount of at |east one antioxidant/stabilizer, B
spinning the melt at a tenperature and atnospheric environnent

favouring m ni oxi dative chain scission degradation; C.
taking up the® EaéﬂFtln hot exudate or filament under an oxygen 20
cont ai ni ng at nospher & gbbﬁthﬁrfkiﬁWQQﬁ @snegaygént wem afi fifegstonneo ef f ect

t hreadl i ne oxi dative chain scjssion radati on;_ and D.
fully quenctRYfymgtd PFEFEFﬁrﬁPQHﬁ?%&%&H@: ﬁgaﬁlﬁﬁie%ﬁlqﬁlﬁﬁﬁﬁﬁF to obtain a

highly d ed .surf f
degratied | ARESOLStiOREITRRE & capbiPhet R HRKOind B GeE5CETRF m 23

wher ei n theamlr%%@f Ly 1@9@'&9& oml%ﬁdlaﬁ'tye% bilizd cfdsa.%'sman 25.

A process according to claim 23 wherein the poly polypropylene
pol yner. 3Gaid fiber coﬁﬂm@m@s A combingtionany one of clains 23-25

wherein said polyolefin having a broad nol ecul ar wei ght distribution
has a nol ecul ar (@i ght idnet rzdme i ioterdfifded bysmibidal oxidative 27.
A process according to claim26 wherein said polyolefin i ght

di stribution ha®cdymeréeudesrrdafitons frighphirefironrgence cand 6. gglght

28. A process according to, claim ei n_sai d polyolefin having a

bt oad ol beul ar SVETABPGROLRFLHT HATENE MIEDI0n) EERRSIONAME i ot i but on
of at least 7. 1400.000-458 A process according to any of clains 23-28
wherein step D Conpri ses CU? |hg to forma staple fiber. 10 30.

A process accor ¢iphgahOiAt¥rdéd LAt Fondd pefethel §i 8xfd Aih 13 L RBRLEAESiC

oriping. to said inner zone and further identified by progressive
oxidative chain scission degradation with a molecular
weight gradation within a range of slightly less than
gaid inner zone - to- about 10,000-20,000; and
(¢c) a surface zone generally externally concentric to
said intermediate zone and defining the external surface
of the spun fiber or filament, said surface zone being
identified by low birefringence, a high concentration of
oxidative chain scission-degraded polymeric material,

and a weight average molecular weight of less than about

10,000.

2. A sheath/core bicomponent fiber of claim 1 wherein
said inner zone is internally contiguous with and generally

externally concentric to a core element.
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31. A proeeSSMagcaLdLﬂg_ngany of clains 23-30 conprising controlling
qguenchi ng of . the hot extrudate in the oxygen-containing atnosphere so

as to effect ﬂ% S@%iﬁm@iﬁy&pﬁg in sci ssion qegram- (iﬁﬂ(_ﬂ‘ j_ﬁurface.
NIgRO ing to any of clains _ l iflr
Wl g

15 . 32.
del ayi ng quencly .one hot 1éxt rudat e. ess
according to any o -32, wherein the oxygen containing 20

at nosphere conprises a cross-bl ow quench. 34. A process according
to claim33 wherein up,tp.,5 4% of..the cross-bl ow i | ocked, .. .and the

bl ocked zone is opgh t‘%’)f eroxofggﬁtlég‘ﬁf“éi ﬂ?n ia‘d’t“ﬁrﬂéﬁ‘ﬁ’@r’&m 83kd hmner  p
process accordiBg;L0.an 12115 +23534 L th L hni ng the
melt conpri srezghgaégi %lg %I%Ee)é%’rzgt p'E%rough a%ﬁ?ﬁ%@%ﬁ’? gﬁg@lrh g?%gésélc and D
bel ow or cdQUREE A BB Hfod e comimdne 8hhemalt OXHBQ{Y trogen gas flow

rati o of about 100-10:0-90 by vol une at anbient tenperature up to about
200[ err] C plus a del ayed quench step are used to obtain chain scission
degradation of the polyner. 30 36. A process accordind to

any of claims 23-38&.fulthiver@mfprilgiimg lnwharaimi pelymer componantir ef
condition of the hot extrudate so as to effect gas diffusion into the hot
extrudat e tosefiflednnexi zene of dhe Fheathspbamenyrhag ioomolecylagrweighty

prosess accorg e 19, Bla it gt ke e h oS, R AR e A
wherein th ' ' t t f t
325 or 1] C anduREPE ERHE Adhe had il oTePhy e ' ERMEISY Budlue ROMPR D
brought to b@'s@\é\/o@ﬁ%@{:ﬁl&i NexsCRhEn 20,00038nd dedtddeAPoIyResOr ding to

any of clains 23-3 8 wherein the inner zone has .a high birefringence,
and the out ecompbfehtsof $oid Hurdfaciengenechas & sweiphtA ave@ageSmareOiTing t o
any of clainms 23-39 wherein the surface zone and the I nner zone define
an i nt er nedi aeéghtnet odbout & AM-di0s 088l yneri ¢ oxi dati ve degradati on and
crystallinity. 41. A process according to any of clainms 23-40
wherein the nelt consists essentially 20 of the pal ypropyl ene and the

ant|OX|dant/stab|Iggerlgog¢5¥%éé§%nfor preparing monocomponent or

bicomponent fiber from polyolefin-containing spun melt
composition, the improvement comprising

h. admixing an effective amount of at least one
antioxidant/stabilizer into a spun melt comprising polyoiefin
polymer or c0polymer,iin the presence of a degrading agent;

B. spinning the resulting gpun melt at a temperature
and atmospheric environment favoring minimal oxidative chain
sciggion degradation of the polymeric component(s) within the
spun melt during the spinning step;

C. taking up the resulting hot extrudate under an
oxygen-rich atmosphere to obtain sufficient oxygen gas
diffusion to effect a threadline oxidative chain scission
degradation‘of the hot filament; and

D. fully quenching and finishing the resulting
filament to obtain a highly degraded surface zone of low

molecular weight and low birefringence; and é minimally



42. A process—according to any of clainms 45-41 wherein the

ant i oxi dant/ st m R QmResi tion is selected fromthe group——-
consi sting of 3 ﬁ@‘"ﬂﬂ'ﬁﬁg‘EN N bis- pi peri dnhyshgai}gggegﬁecont ai ni ng
dered : : |

conposi tions, and Kin lics, and nmixtures t hdildfae iy i sd A
process according to clai m42 wherei nl& he anti oxi dant /| {§ ”ﬂﬂﬂw 4 at
| east one. of phenyl phosphite and a N, N bis-piperi | b

derivative. 44, A process according to any one of clainms 41- 43
wherein said 30raadrétdi Oﬁi.dgntlft abjlizer, i.s present _in an anount of om 0. 002
to 1% by wei g » D1ED moleculam weighk ,, coyatal LiRe bfi 1Rf rigseRs m 44
whwr ei n sai d; g{d4 Qepdant /stabilizer is present in an anount of from
0.005 to 0.5% by wei ght. 46. A process according to any of clains
23-45 wherein the fiber-or filanent is-a 5 nonoconponent fiber or
filanment. 47. A process according to any of clains 23-46 wherein
the polyol efin corsi saSprocegssentdidiny 5o0fwhiez@iaCtheé L HHiQRWLGESapPLYMES .
10 48. A fiber or filanent makabl e by the process of any of clains
2347. Wixer coaposntnoneisfalphienydr pietsehiak-pandiieed by bondi ng
fibers and/or filaments = -according to any of clainms 1-23 and 48 or nade
accordi ng t &N ah\pigr-pépgridipgl 4fiamings degdvativa. non- woven fabric or

mat erial according to claim49 produced by thermally bondi ng the fibers
and/or filanents. 51. A non-woven fabric or material according to

claim 49 produced by qapdings @M% c1aih'3 TRekdiROPe Wi dnlS fedshgegnd/ or
filaments. 20
surface zone of the spun fiber or filament has a weight
average molecular weight of less than about 10,000, and the
inner zone configuration of said spun fiber has a high

birefringence and a weight average molecular weight within

about 100,000-450,000.

8. A process of claim 5 wherein the take up step is

carried out in the presence of oxygen at ambient temperature.

9. A process of claim 5 wherein the quenching step is
carried out in the presence of an oxygen/nitrogen mixture

varying in ratio by volume from about 100-10:0-90.

10. A nonwoven material obtained by bonding one or more
web containing fiber or filamentj_ produced in accordance with

the method of claim 5.

11. A nonwoven material obtained by bonding one or more

web containing fiber produced in accordance with the method

of claim 7.



