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Title: NOVEL POLYOLEFIN FIBERS AND THEIR FABRICS

SPECIFICATION
EIELD OF THE INVENTION

This invention relates to novel fibers made from
reactor grades of isotactic polyolefins and fabrics of
those fibers. These novel fibers and fabrics are made
from isotactic polyolefins which are a reactor-grade
polymer useful for fiber formation without being
subjected to post-reactor treatment to lower molecular
weight, or having been subjected to post-reactor
treatment without substantial alteration of MWD of the
polymer resin. |
BACRGROUND OF THE INVENTION

Poly-alpha-olefins traditionally have been
catalyzed by well-known multi-site catalysts including
Ziegler-Natta type catalysts such as titanium chloride.
While such catalysts are useful for producing resins or
polymers of aléha-olefins, including polypropylene,
they produce polymers with relatively broad molecular
weight distributions or polydispersity which will
include significant fractions of polymer material with
both higher and lower molecular weight than the average
or nominal molecular weight of the polyolefin polymer.

The high molecular weight fraction included in the
traditionally catalyzed polymer is likely to cause
brocessing difficulties for the maker of polypropylene
fibrous or fiber-containing products. While not
wishing to be bound by theory, it is believed that the
high molecular weight species of polypropylene which
are found in such reactor-grade polymers, will
contribute significantly to the melt strength of the
molten polypropylene catalyzed, thus diminishing the
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fi ber-containing prod uc
diameter fibers when run at economically practical
production rates. Such fibers may feel stiff or coarse
when compared with other fibers, particularly natural
fibers or fibers of a smaller diameter or lower denier.
10 Conceptually, it is easy to visualize why it is
desirable to reduce the concentration of high molecular
weight polypropylene species within a particular
nominal or average molecular weight production batch.
When it is considered that the longer polymer chains
15 tend to be conformationally more bulky, cciled, or
otherwise entangled, it can be understood that it
becomes more difficult to move those particular species
within the polymer. The fact that these high molecular
waight chains are longer contributes to the need for
20 higher processing temperatures and the high strength of
mol?en polypropylene. From a kinetic standpeoint, it
becomes more difficult to add sufficient energy to
these molecules to move them. Once those higher
molecular ﬁeight species become molten they generally
25 become more prone to éﬂtanqlement due to their size.
It is the presence of this significant fraction of the
higher molecular weight species which causes numerous
problems in the high speed production of fibers, in the
instance of melt spinning, in the case of, for example,
30 melt blowing or spun bonding, and subsequent formation
of quality fabrics.

Some of the problems which may be created or at
least exacerbated by the high molecular weight fraction
include the need for higher processing temperatures

35 which are necessary to reduce inherent melt strength
and viscosity and cause the higher molecular weight
chains to move. This will require higher energy input

{'“l\ ’—'- r~~ .'"' - . % THIS SHEET HAS BEEN
VL ¢ : = H REPLACED




WO 94/28219 PCT/(JS94I06017

wi shing to be bound by theory, it is believed that thehigh nolecular
wei ght speci es of polypropyl ene which are found in suqﬁbg@aqﬁpgwgk

polyners, will contribute significantly 3o0~-the melt str Iten
pol ypr opyl ene catal yzed, thus dim nishing the I n
- 2- processibility of the polymer, particularly in t ' b

manuf acture. The high nelt strength of nulti-site or ot her traditlona!ly.
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econoni cal | yw@iahE| §§pc1es, through the extruder or other

processing equipment. All of this leads not only to

higher wear on materials handling equipment, including

5 extruders, resulting from the higher energy input
necessary, but also likely degradation of polymer and
polymer product properties.

For fibers, commonly, non-homopolyethylene higher
polyolefins having the significant fraction of high

10 molecular weight species will process with some
difficulty. As mentioned, also, in copending USSN
08/066,737, from which this application derives
priority as a continuation-in-part, aside from the
‘general difficulties encountered in processing this

15 material additional problems are encountered with fiber
processing. These include difficulty in making fine
fibers at practical production rates which derives from
the difficulty in extending the molten polymer fibril.
This is associated with high melt strength of molten

20 | polyolefins, particularly polypropylene which includes
high molecular weight species. High melt strength also
lealis to difficulty in forcing the molten resin through
a small fiber-forming orifice. Within that
restriction, the high molecular weight molecules will

25 cause significant drag and diminish flow. Those same
molecules will also cause significant die swelling of
the polymer fibril upon its exit from the fiber-forming
orifice due to their inherent tendency toward elastic
response with recovery of their conformational bulk.

30 It is this same fraction of high molecular weight
molecules which will cause the molten polypropylene to
have significantly increased melt strength over what
should be expected at the nominal mclecular weight.

The net effect is that, again, the high molecular

35 weight fraction will require higher melt temperatures
and higher energy input into the machinery, which will
create higher wear rates caused by higher pressures
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produced polypropylene will tend to be thick, due to

the melt strength of the molten resin. Such fibers

will lead to formation of fairly coarse, boardy feeling

10 fabrics which will not be stretchy or forgiving at
points of flexion if worn as a garment. This
coarseness and lack of "give" in such poly-alpha-olefin
fabrics limit their use in garments and other
applications where a pleasant feel or "hand" is

15 desirable.

It is the stiffness of fibers and boardiness of
'their resulting fabrics produced from the traditionally
catalyzed polyoclefins, particularly pblypropylene,
which has led to some complicated post-formation

20 processes. For example, Kobayoshi et al., describe, in
Us 5,078,935 a mechanical creping step which puts
crimps in the fibers and fabric after fabric formation
to effectively make the fabric somewhat stretchy and
less restrictive when used as a garment.

25 Significant advances were made in the 1970's in
the field of post-reactor treatment of polypropylene to
enhance processability. Most of these post-formation
or post-reactor processes involve some sort of
molecular chain scission of the polymer molecules.

30 Such scission or molecular cleaving is normally
accomplished through the treatment of polyolefins,
particularly, polypropylene, with heat and oxygen, or a
source of free radicals such as organic peroxides. For
background purposes, some of these techniques are

35 described in US Patents 3,608,001; 3,563,972;
3,862,265; and 3,898,209.
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instance of nelt spinning, in the case of, for exanpl&, melt blow ng or
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probl ens which may be created or at | easb exacerbated b cul ar
wei ght fraction include the need for higher processing 4 Eﬂ i ch

are necessary to reduce inherent nelt strength and vi scd t he
hi gher nol ecul ar wei ght chains to move. This will require:- hlgher ener gy
i nput THemidhee d¢1€ 2P| YEBAch Wi UeCs 286, 889 FerRatiah

of nonwoven fabric laminates using polypropylene. As
described, the isotactic polypropylene which is used by
Timmons is of low crystallinity, or low isotacticity.

5 Further, Timmons describes use of Exxon Polymer Grades
3125 and 3214 for their formation of fabrics. It is
clearly stated that the 3214 grade has been peroxide
treated to reduce the melt viscosity by molecular
scission. While it is not stated, the fact that the

10 3125 grade is a peroxide treated grade of polypropylene
must be recognized. Post-reactor viscosity reduced
polypropylene was used for half of the fabric
laminates. The other half used an ethylene copolymer,
not a poly-alpha-olefin.

15 Such post-reactor processing has the potential to

- cause molecular cleaving or general degradation of all
polymer molecule chains within the polymer, thereby
dramatically reducing the nominal molecular weight and
the molecular weight distribution of the polymer. 1In

.2 light of the fact that the larger polyolefin molecules
have more potential sites for oxidative degradation or
scission, the fraction of high molecular weight species
will be significantly reduced upon the exposure of the
polymer resin to such post-reactor treatment.

25 The post-reactor treatment involving oxidative
scission, as discussed earlier, has served a useful
purpose for fiber makers. Such scission offers similar
benefits to producers of fibers and fibrous products
including those made by melt-spinning, melt blowing or

30 spunbonding processes as it would for most other end-
use product producers. These include reduced overall
viscosity, shifted molecular weight distribution,
reduced nominal molecular weight, and significantly
reduced fractions of high molecular weight species.

3s Coupled with the benefits which are derived from
the post-reactor oxidative scission treatment of
polypropylene, however, are some significant drawbacks.
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fiber manufacturer. Since the lower molecular weight
species tend to be more mobile they also tend to become
airborne or volatile during melt processing.

10 This volatility causes difficulty such as an
apparent smoking from the material at high temperature
when it is not contained, as when it exits a spinning
die. Coupled with that volatility, there may be
unpleasant vapor and odors which may raise concerns for

15 people involved in the processing and production of
fibers. That same volatility of the low molecular
weight fraction will tend to lead to a blooming or
surface imperfection on the finished fibers after they
are drawn due to the pitting and cracking which may be

20 = caused as the low molecular weight species volatilize.
An additional maintenance headache is created by the
recbndensation of these low molecular weight species
within ventilation equipment when they come back down
to the melting point after having been volatilized from

25 the melt as it exits the forming device or-die.

Within fiber production itself, other problems can
occur due to the increased fraction of low molecular
weight species. This includes significant die drooling
or drip which is attributable to separation of low

30 molecular weight species at the die outlet. Reduced
viscosity is caused by the low molecular weight
species. Along with drooling, there is also a tendency
for the low molecular weight species to collect at the
exit of an orifice or a die. During high speed

3s processing this collected scale may break off from the
die or spinnerette face becoming included at the
surface of the fiber which is being formed. This
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recovery of their conformational bulk. It is this sanme h
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5 to re-starting production.

Essentially, to gain advantage in processing.these
polyolefins, the end-use producer accepts the
detriments caused by the presence of increased low
molecular weight fractions when the polymer producer

10 provides product which has been treated by the post-
reactor oxidative scission process. In addition to
creating some other handling difficulties for the
producer of fibers or fibrous products, the polyolefin
producer must add another fairly expensive step to the

15 production process. This not only increases costs but
also complicates the process of polyolefin resin
production for the polymér producer.

In light of the complications caused for both the
polymer producer and the end user of the polyolefin it

20 would be useful and valuable to produce isotactic
polyolefins as reactor-grade materials having a narrow
molecular weight distribution yet still having the
nominal molecular weight of the post-reactor
oxidatively degraded products. Aside from removing an

25 ' expensive and process-complicating step from the
polymer production process, this would lead to numerous
benefits for the end user, particularly the polyolefin
fiber producer.

Of particular value to the fiber producer would be

30 reduction or elimination of the smoking and odor
problems, ventilation fouling, and surface blooming on
finished fibers. Additionally, a polyolefin product
having 1) a centered narrow molecular weight
distribution, centered arcund the nominal molecular

3s weight, coupled with 2) the handling characteristics of
the oxidatively degraded polyolefins would reduce such
processing problems including drooling and slubbing

THIS SHEET HAS BEEN
REPLACED




- 4- needed to force the material through the fiber-formng orifices. The
necessdYQ P428218h t enperatures and pressures will al so short BaTUSBMADEHT of

the fiber-"Tormng die or spinerette Al ong with these processing '
di fficul ti eshi SHeetltabBden RBYMEACt Urers, the fibers resulting from
tradltlonall propyl ene wi+lgtend to be thick, due to the nelt
strength of t!ﬂllﬁ'm m wn. Such fibers wll Ieadtoformatlon of fairly
coarse, boar ics which will not be stretchy or forgiving at
points of flexion if morn as a garnment. This coarseness and | ack of "give"
in such poly-g her

appl i cations mhggg Qb easant éﬁﬂ%ﬁ ng gggﬁpga ey s the

stiffness of pufbt»hs afri@e@'o:pmm'@ ?%&Pmﬁéif—uplltnglﬁé’orﬂ@‘ﬁ%duced from
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Coupled with the previously mentioned benefits,

5 the fiber manufacturer would have an opportunity to
lower the melt strength of the polymer even further
than possible with oxidative degradation, thereby
allowing reduced diameter fibers to be produced with
less die swelling than otherwise might be experienced

10 with polypropylene containing a significant fraction of
molecules having higher molecular weight than the
nominal molecular weight. Such a polymer product would
yield benefits to both the polymer producer by
eliminating the need for an expensive and complicated

15 post-reactor process step and the fiber manufacturer by
offering the potential for higher rates of production
of finer fibers.

Kloos teaches, in "Dependence of Structure and
Property of Melt Spun Polypropylene Fibers on Molecular

20 Weight Distribution" published, at pages 6/1-10, by The .

Plastics and Rubber Institute's Fourth International

conl ce on ene s and iles, a

conference occuring in September 1987, that spinning of
polypropylene improves with degradation of the polymer
25’ by peroxide. These findings were significant and led
to the determination of a value, to which fiber and
spinning characteristics were correlated, termed the
"Degradation Ratio".
Branchesi and Balbi teach, in "Mechanical and
30 Structural Properties of As-Spun Polypropylene
Filaments in Relation to Resin Rheology" published, at
pages 27/1-9, by the Plastics and Rubber Institute's
International Conference, which occurred in November
1989, that degraded or "controlled rheology" polymers
3s find use in high spinning speed operations. |
Amds and Goldin reported, in "Creating Higher
Performance Fibers With a Novel Additive Concentrate"
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whi ch has led to sone conplicated post-formation processes. For exanple,
Kobayoshi et al., describe, in US 5,078,935 a nechanlqaksgkﬁnkggm&_ ARy Ch

puts crinps in the fibers and fabric att®r=fabric for ively
make the fabric sonmewhat stretchy and |less restrictive l &m Fﬂ _
gar nent . Signi ficant advances were nmade in the 19 lI'd of

post-reactor treatnent of pol ypropyl ene to enhance processablllty Most of
these post- fpmisnadormp W&W@ UL (19

et TR I Faa a R R ET D EEE G
polyolefins fﬂomtMoubb&bkenﬂﬂpﬁIYﬁa*sner wohtroddledcirheddyn, Of a source
of these techAMBEE,, o THEEH HAREACHEES pAPERPPIIBRE dPE1E 563 o7,
3,862, 265; awdsBreaking). or reduction in melt viscosity, through

the addition of liquid or low melting fractions added

to the polyolefin resin from which fibers are to be

made. This apparently provides a low molecular

fraction which appears to not only improve the fiber

10 making process but also appears to provide fiber webs
of greater filtration efficiency than typically
peroxide treated resins.
| canich in US 5,026,798 teaches that resins
produced by a monocyclopentadienyl-hereatom transition

15 metal complex catalyst system can be used to make a
variety of products including films and fibers. The
polymers so produced apparently fall within the broad
MWD range of somewhere between about 1.5 to about 15,
as may be noted at Column 9, Line 53. Canich,

20 unfortunately offers no guidance as to where, in this
particular broad range of molecular weight
diétribution, the fibers which are so glibby mentioned
may be produced economically. Further, Canich offers
no direction as to the treatment of the resin for

28 producing satisfactory fibers. Therefore, the off-hand
remark regarding usefulness of that material for fiber
formation is of little value in the enablement of fiber
production.

30 OF @)

It is intended that the term “"reactor grade"
refers to polyolefin resin whose molecular weight
distribution (MWD) , or polydispersity, has not been
substantially altered after polymerization. It is

35 intended that this term particularly includes
polyolefin which, after polymerization; 1) has not been
treated, or subjected to treatment, to substantially
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Timmons et. al. teach, in US 5,188,885, formation of nonwoven fabric

| am nat 880 94128209pol ypr opyl ene. As described, the isotactic p®CrAISsspsMac
whi ch i sTused by TiTmons 1s of low crystallinity, or lowisotacticity.
Further, ThisaRMBas@R&Nphe8 use of Exxon Polynmer Gades 3125 and 3214 for

their for : is clearly iyated that the 3214 grade has
been perogﬂlunnlmlﬂgﬁmrreduce the nelt viscosity by nol ecul ar scission.
VWhile it i he fact that the 3125 grade is a peroxide treated
grade of pol ypropyl ene nust be recogni zed. Post-reactor viscosity reduced
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used an et hyl ene copol
molecular weight, or 2) has been treated, or subjected

to treatment, to reduce viscosity or average molecular
weight, but whose MWD has not been substantially

S changed. Such reactor-grade polyolefins are
particularly useful for fiber, particularly cross-
section or diameter fiber, formation when they are
produced by single-site, especially metallocene~-type,
catalysis. As a point of classification, of the

10 polyolefinic polymers useful in the practice of this
invention, certainly the untreated resins are
preferred. Those which have been treated, but whose
MWD has not been substantially altered, are quite
functional but are somewhat less preferred.

15 Reactor-grade non-ethylene polyolefin has been
produced having a narrow molecular weight distribution
centered closely around the nominal molecular weight of
the polymer. '

It has been discovered that novel fibers

20 demonstrating superior characteristics to other reactor
grade polypropylene material can be made from this
pd&ymer. Preferably, the polyolefin of choice will be
isotactic and, more preferably, will be derived from
monomers having in the range of three' to ten carbons,

25 most preferably three; polypropylene. It has been T
further discovered that these novel fibers can be
incorporated into fabrics demonstrating exceptional
characteristics. Particularly, it has been discovered
that small diameter, high strength fibers, useful for

30 incorporation into fabriés, may be made from such
reactor-grade polyolefin. Since these small diameter
fibers bend more easily than typical large diameter
fibers, they produce yarns and fabrics which are
pleasant and soft to the touch. Such yarns and fabrics

35 will display the unique added benefits of having higher

than expected strength.
EHIS SHEET HAS BEEN
REPLACED




WO 94/28219 FLATUSIRV0BLI
Such post-reactor processing has the potential to caus nDIecuIar cIeaV|ng

or general degradation of all polymer nolecule chains ggmﬁ :
mol ecul ar wei ght distribution of the polyner. In light Fl, Ht t he

t hereby dramatically reducing the nommatlnol ecul ar wei

| ar ger pol yol

degradation or scission,

efin nol ecul es have nore potential sites for oxidative

be significantly rsgeieenapaetebis®iees v e t febPEEMEhebeporatd rig!

post - react or
sci ssion, as
makers. Such

{ reat ment -reactor_tre

LRRR e fFPBy PORYOLELATe PEPARERS) DYy FABTLrBItA per

; St EBY Qils Ohfter particuia gnﬁ.mﬁfeéﬁrﬁéoﬁheﬁr sombalrieder s and
fibrous produ%gé% ud| those nade ﬁ%gqF t sglnnang nb% bl owi ng or
spunbondi ng ¥ eﬁs r%&ﬁl AT DHtheF 1 Bhu2 Ty Sduct

producers. Trhmmfudtngeﬂhed-som Ifnoms aosatyorsgratded nol ecul ar

wei ght distri
reduced fract

poheSTpehRn  ramean 2ihake g oriBeioh of"Epblcra B V.

benefits whi ghreoducedr inedollume ®ite high speedsrwithdati semeciofsithe

treat nent of

10

15

20

25

30

35

processing and handling problems which are inherent in
traditional reactor-grade polyolefins as well as the
post-reactor oxidatively degraded polyolefins.

The fibers comprise reactor grade isotactic
polypropylene wherein the polypropylene is produced by
single-site catalysts, particularly by metallocene~type
(MCN) catalysts including Group 15 or 16 element ligand
or mono-, bis-, and tris- substituted or unsubstituted
cyclopentadienyl ring transition metal compounds, any
of which may be bridged or unbridged, coupled, as
necessary, with an appropriate activator, cocatalyst,
scavenger, or combinations thereof and has a melt flow
rate (MFR) in the range of greater than zero to about
5,000, and molecular weight distribution in the range
of'about one to about 3.5. MFR is a characteristic
well known in the art and is defined by ASTM D1238(1l)
and reported as grams/10 minutes or dg/min, at 230°C.
The preferred molecular weight distribution, coupled
with the well-tailored nominal or average molecular
weight, allows these fibers to be produced without the
difficulties of traditional reactor-grade or post-
reactor oxidatively degraded materials which would have
either a significant high molecular weight fraction or
significant low molecular weight fraction of molecules
respectively.

Benefit may be obtained, for the fiber producer,
if the average molecular weight of the polyolefin is
reduced. This may be accomplished by the oxidative
degradation, or treatment of the polyolefin to
accomplish molecular scission. This may be realized,

the fraction of high nol ecul ar wei ght speC|es w | |
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reduce the fraction of high nol ecul ar wei ght species which are present, it
al so dr antiis Swedt Hys BeacRpAsES the fraction of | ow nol ecul ar wei ght species in
t he polyne e of these | ow molacul ar wei ght speci es causes

vari ous d| Htmymﬂ the fiber manufacturer. Since the | ower nolecul ar
wei ght speét nore nobile they also tend to becone airborne or
volatile during nelt processing. This volatility causes difficulty
such as an along with the added benefit of shifting the MWD of the

conventionally catalyzed polyolefin, by subjecting the

polyolefin to post-reactor treatment with an oxidizing
agent, such as for exampie organic or inorganic
s perocxides, which will cleave many of the molecules
comprising the polyolefin resin. Higher polyolefins,
including polypropylene which are produced by single-
site metallocene-~-type catalysts may be subjected to a
post-reactor treatment which will oxidatively sever
10 many of the molecules yet leave the molecular weight
distribution (MWD) substantially unchanged. Fibers and
fabrics of those fibers which are produced from
polyolefins treated in this manner, without
substantially altering the MWD, are within the scope of
15 this invention. Exemplification of such post-reactor
treatment of a single-site catalyzed polyolefin resin
is presente& later. This feature of single-site
catalyzed polyolefins, which allows lowering the
average molecular weight without substantial
20 modification of the MWD, makes these polyolefins and,
of course, fibers, fabrics and garments made from them,
ver& suitable for recycle use.
These novel fibers may be formed by any method in
which fiber is formed from molten polymer including
25 melt-spinning, spunbonding processes, and melt blowing;
or by non-traditional methods including centrifugal
spinning, sheet slitting, and film fibrillation.
Overall, use of these various single-site
metallocene-type catalysts, whether supported or
30 unsupported, will yield reactor grade polyolefin resin
which is useful for forming fibers and, subsequently,
fabrics. Such fibers may be produced by traditional
melt spinning which will yield finer fibers which are
individually stronger and, therefore, are able to be
35 spun at significantly higher rates of production.
Fibers may be produced and immediately incorporated
~ into fabrics such as nonwoven fabrics including
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apparent snoking fromthe material at high tenperature—when—it—s ot
contai ned, as when it exits a spinning die. Coupled q%ﬁ§m£h%&3&£@§&wkaty

there may be unpl easant vapor and odors Whith may rais peopl e
i nvol ved in the processing and production of fibers. Tﬁmiﬂ]&“lﬂﬂﬂl lity
of the | ow nol ecular weight fraction will tend to | ead

surface inperfection on the finished fibers after they are drawn due to t he

pitting and melsﬂdmﬁleebqawecfmﬁdm | orheske polymers ght
species volatilize.

recondensat i (‘J’ﬁ‘%’f bd e”l‘o?\/ ﬁgsgcagglﬂn nanc%d&%bmﬁﬁgqg%lﬁt e
equi pnent wheui1h ﬁét&ib?cyldmuﬂshﬂluh&Iﬁﬂin&:ppofmbeaﬁLennhnylng been
vol il zed (o e B4 os koGt Lol (00 Sopbe oy WO
fractios of Ibwvettenyénrthanght sinemlaezs .spﬁnbnndgﬁuﬂabrammddecaftom e
oot in o, Y Gl Ehona 2 FaRs G RIS RRbAIGE |
mol ecul ar weipghttixperaeksy Ahomggmtt bfdlﬁb[d ifagt tthat thexies@are tmomency
and smaller fibers at each bond point within the
fabric. Of course, fibers made by blending different
10 polymers with the specifically detailed reactor-grade
polyolefins, as well as fibers made with various
additives including pigments, anti-static agents, or
other modifiers are deemed to be included within the
scope of this invention. Additionally it is clear that
15 fibers produced from the reactor-grade polyolefins
mixed with other materials including, traditionally
catalyzed polymers, natural fibers or other polymers as
well as resins produced by mixed catalysts in which one
catalyst is generally considered, under most
20 conditions, to be single-site, also fall within the
scope of our invention. The fiber producer will also
gafn benefit through the improved processability of
. these polymers as described earlier.
When applied to a melt blown nonwoven fabric
25 processes, again, the fabric maker will benefit from
better processing of this resin and will be able to
produce smaller and stronger fibers. This will yield
stronger and softer fabric but, in specialized
applications, will also yield better filtration
30 capabilities in light of the small fiber size and
higher number of regular, uniformly distributed fibers
per basis weight. High numbers of fibers yield smaller
inter-fiber spaces allowing greater retention of
particularly small particles.
3s Additional benefits include the ability to make
stronger, more flexible, softer fibers and fabrics,
including textiles of all kinds such as knitted, woven,
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or a diWO %{82¥g hi gh speed processing this collected scal e PREJUSIFOENT of ¢
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"sl ub” ction in the f+let which will probably cause a
break in tamﬂﬂmllMH
nmust be sh

uch sl ubbi ng occurs, it is likely that the line
e wll require elther changi ng or cleaning prior
to re-starting production.
and nonwoven fabrics. Such characteristics will allow
fiber and fabric incorporation in various membranes
including those useful for filtration or osmotic
" exchange such as blood filtration or barrier layers,

s gas exchange media; single, limited-use, or full-use
apparel including daily wear or athletic under and
outer wear, items useful for medical or surgical
applications such as gowns, caps, face masks, foot or
shoe covers or booties, wraps, drapes, shirts, and

10 pants. These small, soft fibers and their fabrics will
be useful where low blood strike-through, or improved
bacterial and viral filtration efficiency is
beneficial.

The soft character of textiles and fabrics made

15 with these fibers also makes them useful for personal
sanitary products including diaper and incontinence
protection cover stock and inner liners as well as
feminine care products and reusable or disposable
wipes. The small diameter of the fibers and ability to

20 fluff them.makes them useful for items such as
blankets, surgical, medical, personal pads or puffs,
webls, batting, or high loft fabrics. The soft and
tough character of the fibers and fabrics make them
useful as covers for valuable or cherished items

25 including furniture, automobiles, and glassware, as
well as delivery means for various treatments such as
fabric softener sheets, lotion or perfume bearing
sheets, pest-repellent, or dust attractor carrying
sheets.

30 The toughness, strength and small diameter, which
yields high surface area; of these new fibers and
fabrics also makes them useful in other absorbent
applications such as o0il or chemical recovery or
containment, particularly for spills. Toughness also

3s contributes to their usefulness in other industrial
applications including bale wrap of various kinds such
as cotton or rubber wrap, housewrap as well as for
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Esseﬁtially, to gain advantage in processing these polyolefins, t he end-use
producer accepts the detrinents caused t he pr esenchisgheqt HesBeenReglaced\y

nol ecul ar wei ght fractions when the pol r producer p [ which
has been treated by the post- reactor oxidative scissi {4l

addition to creating sone other handling difficulties for the producer of

fibers or fibrous products, the polyol efin producer nust add another fairly
expensi ve stapiguet kexpidestsugh mocgeotextidesons@fiud fox es8eB costs but
al so conpl i cghfgkhasPh Ehég éﬁﬁy9$fi!gtéﬁiiﬁﬂQ¥¥3ﬂ¥'0” for the pol yner
pr oducer. I% | i ght of the conplications caused for both the polyner

producer and the Othexsasefiul Rppbigatieng incivded thexma¥ ul and val uabl e

to produce i $a5athitd o paFrdrS ﬁdf@i‘f%&ﬁsg"f&i‘léﬁ Smclwaiyyi g a narrow
nmol ecul ar melght di stribution yet still_ having the nom nal nolecul ar wei ght

of the post - FagRFEELExtdditiars ank AinchapAddng: SYstans Y& 2% novi ng an
expensi ve ahﬂeﬂt&ﬁgs ertiDld 98N Nend P! EORUL R cREANG Ry SESRLICT 48N
process, this uld lead to numeyrous, benefits for the end user,
particularlwaﬂg B§|yamgq,purif1catzon filters, air f{Hter face
masks. Other useful application include separating
water from hydrocarbon, HEPA application, and
10 filtration for automotive air. Other useful membrane
applications include battery separators, utility tarps
and covers and various tenting applications.
Fabrics for many of the applications may be in
single or multi-layer, conformed or laminated forms
15 including spunbonded-melt blown-spunbonded multilayers,
other fiber/fiber composites, and film/fiber laminates.
The multi-layer or composite fabrics may be bonded in
any of numerocus ways or combinations of methods
including entanglement such as needlepunch and
20 hydroentanglement, by thermal or ultrasonic means, with
adhesives, application of adhesive films or layers,
solvent tackifying, and by application of radiation
including electron beam, microwave, and other
electromagnetic means such as use of radio frequency
25 (RF) energy.- |

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a graphic display of tenacity and
30 elongation plotted against take-up rate comparing
fibers made from commercially available polymer.

D ON O N

Following are descriptions of preferred
3s embodiments and examples which demonstrate and
illustrate the invention in concrete terms. It is to
be understood, however, that such descriptions and
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fiber O particular value to the fiber produ
reductR@ﬁqgﬁﬁéPln1natlon of the snoking and odor problens, &gﬁﬂﬁﬁg@ggg
fouling, and surface bloom ng on finished fibers. Additionally, a

pol yol efin meSMﬁuﬁbammm@maida centered narrow nol ecul ar wei ght
di stribution, Igm nd t he nomi maR6énoi ecul ar wei ght, coupled with 2)
55|ng

t he handling s of the oxidatively degraded pol yol efi ns woul d
reduce such pro | ens including drooling and sl ubbing
8 .

examples are not implied as, or to be read as

limitations of the scope of this invention.
For the purposes of describing this invention in
this specification and included claims, the terms
5 "single-site catalyst" and "single-site catalysis" will
be understood to include true single-site catalysts as
well as conditions of catalysis which use single-site
catalysts. Under some circumstances or conditions of
.polymerization, it is possible that some apparently
10 single-site catalysts may behave in a fashion which
indicates that they are other than single-sited. Such
catalysts and catalysis are intended to be included in
this terminology. Such single-site catalysts may
include, for example, metallocenes and metallocene-type
15 compounds (MCN) or ionic species combined with
cocatalyst or activating ions, mixed metallocenes or
metallocene-type materials, and mixtures, combinations,
or individual selections from these.
This invention includes fiber comprising reactor-
20 . grade polyoclefin which has been produced by single-site
catglysis.

! This invention also includes fiber and fabrics
comprising reactor grade isotactic polyolefin wherein
the polyolefin is produced by single-site catalysis and

25 has a melt flow rate in the -range of >0 to about 5,000
and molecular weight distribution in the range of about
1.0 to about 3.5.
Generally the preferred upper ranges of MFR
dependent upon means of formation will be about 3,000,
30 about 250, or about 150. The preferred lower ranges of
MFR will generally be about 5, about 50, or about 100.
As a general practice: melt spinning MFR
preferred ranges will be about § to about 150;
spunbonding MFR preferred ranges will be about 5 to
3s about 250; and melt blown MFR preferred ranges will be
about 50 to about 3,000. Generally the pregressively
preferred upper ranges for polymer MWD will be about
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whi ch woul d t hereby enhance not only the productivity of the fiber
producer's equi pnent but al so product quality. Coupl ed with the

previ ously mentioned benefits, the fiberlfanufacturer would have an
opportunity to lower the nelt strength of the polynmer even further than
possi ble with oxidative degradation, thereby allow ng reduced di aneter
fibers to be produced with less die swelling than otherw se m ght be

eoneri Ienceﬁ 31,15 ﬁtﬂchﬁt pr.‘lzﬁnaellaeuat ai,n'awuz: 2.3 fdmamoxlit azfion The ]
nmol ecul es hayin i gher. mol ecyl ar | t ha nom nal_nol ec r. wei ght.
Such & pol y minSHERIS T pEebe EFet pdYPEE M] e, SPandBacr L oRcer by
elimnating tabouteer. d pralpsutxpedsi aboatd IcAAbBmEet eXl. Posbr r&Bottr process
step and the fiber manufacturer by offering the potential for higher rates

fi
of productioﬁ‘ *finer fibers. Kl oos teaches, in "Dependence of
Structurse and ProfEhese ofibhers SannbBougedobd cfoxrdi fabsies Ml ecul ar

Instituce s MRS Hhe  Sinelh RRCETaREithat udaiing nodna? 20C, (OPPC!
Textiles, a knitting, as well as through nonwoven formation such as
spunbonding and melt blowing processes. Fabrics made
from these novel fibers, particularly when the fibers
10 are of a comparatively small diameter, display better
hand and will be more drapeable than fabrics produced
of similar fibers having been made from traditionally

catalyzed reactor-grade polyolefins. This is -
particularly the case since the fibers of this
15 invention can be melt drawn to a finer diameter than

traditionally catalyzed reactor-grade polypropylene.
While not wishing to be bound by theory, we
believe that, because of the consistency of the length
of the polymer chains (narrow molecular weight
20 distribution) and the consistent tacticity distribution
of the single~-site catalyzed polymers, the fibers of
our invention will generally be stronger, or have
higher tenacity than conventional polymer when drawn to
fine diameter in spite of the fact that they are drawn
28 to a finer diameter. This means that extra strength of
the fabric is gained while softness is enhanced by
diminishing the fiber diameter; thereby allowing
greater flexibility of the fiber, and a resulting
fabric which displays enhanced drapeability and
30 softness. Generally finer fibers, and their production
processes, will benefit from the practice of this
invention. Progressively prepared fiber diameters are
~about 400 um, about 200 um, about 100 um, about 50 um,
about 20 pum, about 10 um, about 5 um, and about 3 um.
35 . Coarser fibers will benefit some by the practice of
this invention, but not to the extent by which finer

fibers will benefit. This Sheet Has Been Replaced
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significant and led to the determ nation of a value, to which fiber and
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Branchesi and "Mechani cal 28nd Struct ur al Properties of
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, by e as

at pages 27/1-9 i cs and Rubber Institute's Internationa
Conf erence, which occurred in Novenber 1989, that degraded or "controlled

rheol ogy" pol yners Adatitisnaildyhi gratamiosienplpeing opacht finexr fibergnps
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weight, particularly for melt blown nonwovens. This
means that such fabrics can be expected to be generally

5 stronger while still providing small pores or spaces
between fibers. This characteristic will be
particularly useful in filter applications where both
overall strength of the fabric and its ability to
filter smaller particles will be beneficial.

10 In recent years several catalyst systems based
upon metallocene-type chemistry have been developed.
These include Welborn, EP A 129 368 which is hereby
incorporated by reference and which describes use of
cyclopentadienyl transition metal compounds for

15 catalysis of olefins. Turner and Hlatky, EP A 277 003,
EP A 277 004, and US 5,153,157 which are incorporated
by reference describe discrete catalyst systems based
on metallocene-type chemistry but employing anionic
activators. Canich, US 5,057,475, incorporated by

20 reference, describes olefin polymerization catalysis
using modified metallocene-type catalysts wherein a
moﬂocyclopentadienyl/heteroatom transition metal
compound is substituted for the earlier generations of
metallocene compounds. Canich, Hlatky, and Turner

25 describe, in WO 92/00333, also incorporated by
reference, the use of ionic activators with
monocyclopentadienyl/heterocatom transition metal
compounds for olefin polymerization.

Specific metallocene-type catalysts useful for

30 producing isotactic olefin polymers may be found in EP
A 485 820, EP A 485 821, EP A 485 822, and EP A 485 823
by Winter et al, and US 5,017,714 and 5,120,867 by
Welborn. These publications are included by reference
here. '

35 Various publications describe placing catalyst
systems on a supporting medium and use of the resulting
supported catalysts. These include U.S. Patents

ngs were
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published in International Fiber Journal, October 19, 1993 pages 88 - 96,
other additives inprove fibers made fLoRygy"\i sbroken" polyners or controlled
rheol ogy pol yners. These reseachers acconplished their visbreaking, or
reduction in nelt viscosity, through the addition of liquid or low nelting
fractions added to the polyolefin resin fromwhich fibers are to be nmade.

rs to not only
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The following examples demonstrate the use of

supported metallocene~type catalysts, for preparation

of isotactic poly-alpha-olefin. Further information

relating to support techniques and use of the supported
10 catalysts may be found in U.S. 5,240,894 by Burkhardt.

While the catalysts used for the following
examples were employed in a bulk liquid-phase
polymerization process, the concepts relating to
catalyst use presented here may be applied to other

15 polymerization processes including, for example, gas
phase, slurry phase and high pressure processes.

Gel Permeation Chromatography (GPC) is a liquid
chromatography technique widely used to measure the
molecular weight (MW) and molecular weight

20 distributions (MWD) or polydispersity of polymers.
This is a common and well-known technique. Such
chaiacteristics, as described here, have been measured
using the broadly practiced techniques as described
below.

Equipment and Reagents Used:
Waters model 150C chromatograph
Three (3) Shodex AT-80M (mixed bed) columns
1, 2, 4~trichlorobenzene (HPLC grade) as solvent
30 ' Sample polymer to be tested
Operating Conditions:
Temperature: 145°C
Flow rate: 1 ml/min
Run time: 60 min
3s Injection vol.: 300 microliters (ul)

This Sheet Has Been Replac

LTI llll




as may Qe {zgﬁ gal Colum 9, Line 53. Canich, unfortunately 406017
gui dance QQQ Where, in this particular broad range of nnlegé §§§me|g

distribution, the fibers which are so glibby nentloned—ﬂayubehpLQduced .
econom cally. Further, Canich offers no direction as t treatnent of
the resin for producing satisfactory fiBef8. “Therefore, h@dark
regardi ng useful ness of that material for fiber formatio

val ue in the enabl enent of fiber production. SUMVARY

It is intended that the term"reactor grade" refers to polyolefln reS|n
whose nDIeculalalplghPrdplrnmwuu.on (MAD), or polydlsper5|ty, has not been

SAPEL ot Lol o o UeBLbSTpRR KR, Jdidifihg! 0960, bEpakt [0
been treated, bmteusj 201 B3 vaadr.cadma of &m&mbanzgne (TCB) is
added and the mixture is stirred at about 180°C until
5 all the sample is dissolved. This is generally
complete in about 30 minutes. The solutions are then
transferred to auto-sampler vials and placed in the
150C GPC.
Calibration
10 The instrument is calibrated by using narrow MWD
standards and fitting the results to a third order
calibration curve. The standards are polystyrene and
the MW shown are the polyethylene equivalent weights
obtained by using the appropriate Mark-Houwink
15 constants.
Data Acquisition and Evaluation
Data are acquired and all calculations performed
using Waters "Expert-Ease" software installed on a VAX
6410 computer.

20
_ EXAMPLES
CATALYST EXAMPLE
Catalyst Production (includes six step catalyst
production and method of supporting on inert media)
23

Bynthesis of rac-dimethylsilanediylbis (2-methyl-4,5-
benzoindenyl)-zirconium dichloride

Diethyl methyl (2-naphthylmethyl) malonate (1)

30 5.15 g (224 mmol) of sodium were dissolved in 150
ml of absolute ethancl, while heating, and 37.3 ml (217
mmol) of diethyl methylmalonate were added at room
temperature. A solution of 50 g (217 mmol) of 2~
bromomethylnaphthalene (96% pure) in 270 ml of ethanol

3$ was slowly added dropwise at 0°C, and the mixture was
heated under reflux for a further 4 to 5 hours. It was
poured onto ice-water and extracted with ethyl acetate.
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- 10 - reducepnyd S%Qé?ﬁhstgéﬁﬂie pustantial ly reduce average nol ecul ar
wei ght, or 2) has or . subLeQ ed to treatnent, to reduce
vi scosity or aver HIIWM m mt\m ght, whose MAD has not been
substantially cha or-grade pol yol efins are particularly

useful for fiber, partlcularly cross- section or dianeter fiber, formation

when they are produced single-site, especially, netall ocene type
catal ysis. AShe camhing c?ﬁggPFFbﬁhﬁﬁ?s(ﬂeqﬁmgfkﬁ9oV gnﬁ?@ﬂWWners
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are preferred Those i ch, have been treated,, but %ﬁ
acuum, e oily residue was stirred wi hexane at
0°C, whereupon 55 g (81%) of the compound 1

s crystallized.

Synthesis of 2-Methyl-3-naphthylpropionic acia (2)
A solution of 23.7 g (422 mmol) of potassium
hydroxide in 50 ml of water was added to 33.2 g (105
10 mmol) of the compound 1 in 70 ml of ethanol, and the
mixture was heated under reflux for 4 hours. After the
solvent had been stripped off, the solid residue was
taken up in ethyl acetate, water was added and the pH
was brought to 1 with hydrochloric acid. The aqueous
15 phase was extracted several times with ethyl acetate.
After drying over magnesium sulfate, the combined
organic phases were evaporated completely. The residue
was stirred with hexane for crystallization. For
decarboxylation, the beige~-colored solid was heated at
20 175°C until the evolution of gas had ended. 21 g (94%)

of the product 2 were obtained as a beige-colored
sdlid.

8ynthesis of 2-Methyl-6, 7-benzoindan-i-one (3)

25 22 ml of thionyl chloride were added to 21 g (98
mmol) of the compound 2, with exclusion of moisture,
and the mixture was heated under reflux for 30 minutes.
Excess thionyl chloride was then distilled off. The
residue was briefly freed from volatile compounds under

30  an oil pump vacuum and then dissolved in 25 ml of
methylene chloride, under Ar as an insert gas. The
solution was slowly added dropwise to a suspension of
26 g (196 mmol) of aluminum trichloride in 60 ml of
methylene chloride and the mixture was heated under

35 reflux for a further 30 minutes. It was poured onto
ice and extracted with methylene chloride. The
combined organic phases were dried with sodium sulfate
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di anet er Bi ber acethtse (933Joe yarns and fabrics which are pleasant and soft
to the touch. Such yarns and fabrics

synthesis of 2~Methyl-4, S-benzoindene (4)
2.2 g (59.5 mmol) of sodium borohydride were added

in portions to a solution of 7.8 g (39.7 mmol) of the

10 indanone, compound 3 in 400 ml of a
tetrahydrofuran/methanol mixture (2:1) at room
temperature, and the mixture was stirred for 14 hours.
The solution was poured onto HCL-acid ice and extracted
with ether. The combined organic phases were washed

15 several times with water and dried with sodium sulfate.
The orange-colored oil which remained after the solvent
had been stripped off was dissolved in 240 ml of
toluene, and the solution was heated at 80°C with 570

. mg (3.15 mmol) of p-toluene-sulfonic acid for 15

20 minutes. It was washed several times with water at
room temperature, dried with sodium sulfate and
evaporated. The residue was chromatographed on 300 g
of silica gel 60. 4.7 g (65%) of the indene 4 were
able to be eluted (colorless oil) with a mobile phase

25 mixture of hexane/disopropyl ether (20:1).
1H-NMR spectrum (360 MHz, CDCL3): 8.02 (1,d4), 7.84
(1,m), 7.59 (1,d), 7.52 (1,d), 7.38-7.48 (2,m), 7.06
(1,m), 3.42 (2,s), 2.25 (3,d).

30 synthesis of Dimethylbis(2-methyl-4, S-benzoindenyl)
silane (5) '
10.2ml (25.5 mmol) of a 2.5 M butyllithium
solution in hexane were added to a solution of 4.6 g
(25.5 mmol) of the compound 4 in 50 ml of
35 tetrahydrofuran at room temperature, and the mixture
was heated under reflux for 1 hour. The red solution

was then added dropwise to a solution of 1.55 g (12
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conpared with other fabrics prepared in a

manner incorporating fibers nade fromreactor-grade polyol efins.

tetrahydrofuran at room temperature, and the mixture
was heated under reflux for 5 to 6 hours. The reaction
solution was poured onto ice-water and extracted
several times with ether. The combined organic phases
were dried with sodium sulfate and evaporated, and the
residue was dried under an oil pump vacuum. It was
chromatographed on 300g of silica gel 60. 500 mg of
unreacted starting compound 4 were initially able to be
eluted with a mobile phase mixture of hexane/3% ethyl
acetate. The ligand system, compound 5, then followed
with the same mobile phase. After the solvent had been
stripped off, this ligand system was crystallized
(isomers) from hexane. The yield was 1.7 g (34%, or
44% with respect to the indene, compound 4 reacted).

S8ynthesis of rac - Dimethylsilanediylbis (2-methyl-4,5-
benzo;indenyl) zirconium dichloride (6)

4.0 ml (10.2 mmol) of a 2.5 M butyllithium
solution in hexane were added to a solution of 1.7 g
(4.1 mmol) of compound 5 in 20 ml of tetrahyrofuran at
room temperature under Ar as an inert gas, and the
mixture was stirred at room temperature for 14 hours.
The residue which remained after the solvent had been
stripped off was dried using-an oil pump vacuum and
washed with hexane. The pale brown powder obtained was
dried using an oil pump vacuum at 40 to 50°C for
several hours and added to a suspension of 1.0 g (4.0
mmol) of zirconium tetrachloride in 25 ml of methylene
chloride at -78°C. After the mixture had been warmed
to room temperature, the solvent was stripped off and
the residue was extracted with 20 ml of toluene in
order to remove the meso form of the metallocene,
compound 6. The residue of the toluene extract was
then extracted with 40 ml of methylene chloride. The
solution was concentrated to a small volume and left to
crystallize at =-35°C. A total of 970 mg (42%) of the
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at high speeds without sone of the processing and handling praobl | ch
are i nhWOo3%28H t r adi ti onal reactor-grade pol yol ef ins as weh¢T ’Hgﬁ?fgw
post-react or oxidatively degrated polyol efins. The flbers conpri se
reactor grade isotactic polypropyl ene wherein the poly thékmﬁhmamd
produced by single-stie catalysts, part+cadarly by netall

catal ysts including Group 15 or 16 elenent [igand or nDno I S-
substituted or unsubstituted cycl opentadienyl ring tran5|t|on

conpounds, any of which rmay be bridged or unbridged, coupled, as necessary,
with an appro&@fﬁéﬁﬁﬁéﬁéaiéﬁm Beﬁétbeshez%PQ&ﬁﬂﬂﬁﬁedOinceébéﬂal'Ons
thereof and has a ngelt OM/raP in the range of greater than zero to
5,000, and nom§§ﬁ§%°ﬂﬁn%ﬁttE?sPPFSuFPSRﬁ§$Q¢M3range of 1to 3.5. MRis
a characteriswmanuﬂIsﬁaﬁufumnorhenarka&@&dﬁécﬁﬂom%ahby ebtNE P23 .9

reported as grans/ 10 / e ng | gag .of 2. 16

kg. The prefer(ri’e&l n'ol.}e’ﬂ'c'ljéJ f Sgh?'gpst(?i' tri é ig?g W’Pﬂ'tﬂégs

wel | -tailsor ed gaqdnal7 27 aye| sgb-ThieHyl, a2 g g(hs,saihdusanhese.ﬁisbers to

be produced\Meévggsilgks). Mass spectrum: 574 M+, correct
disintegration, correct isotope pattern.

supported Catalyst Preparation of rac-

10 Dimethylsilanediylbis (2-methyl-4,5-benzo-indenyl)
girconium dichloride with alumoxane

‘To an eight-liter vessel equipped with a cooling

jécket and an efficient overhead stirrer was added
methylalumoxane (30 wt%, 925 ml). With stirring, a

15 suspension of catalyst (5.0g) in toluene (700 ml) was
added under N; through a double~ended needle. After
stirring for 10 minutes, dehydrated silica (Davison
948, dried at 800 degrees C, 200 g) was added to the
solution over 20 minutes. The slurry was stirred for

20 10 minutes and then, while a vacuum was applied from
the top of the vessel, a slight flow of N, was added
thr%ugh the bottom. The mixture was heated to 70
degrees C as the solvent was evaporated over a 9 hour
period. The dry solid was cooled to ambient

23 temperature overnight. Isopentane (5 liters) was added
to slurry the solids and the mixture cooled to 0
degrees C. Ethylene was added to the stirred mixture
by a dip tube at a rate of 8.5 - 17 1l/minute (0.03-0.06
SCF/minute) until a total of 491 liters of ethylene had

30 been added. Agitation was stopped and the solids
allowed to settle. The liquid was decanted from the
solids, which were washed twice, each with 1.5 liters
of isopentane. The wet solids were transferred to a
dry-box under N, and filtered through a #14 mesh sieve.

35 The fine particles were filtered off, washed with
pentane (4 liters) and dried in vacuo. Yield: 3269.

HIS SHEET HAS BEEN
“EPLACED




"difficulties of traditional reactor-grade or post- reactor oxidatively
| degraded materials which would have ei+hgs a significant high nol ecul ar

i weight fraction or significant |ow nolecular weight fraction of nolecul es

' respectively. Benefit may be obtained, for the fiber producer, if the
aver age nol ecul ar melght of the polyolefln I's reduced. This may be
acconpl i shed dation, or treatment or the

pol yol ef i n 0 i'- f et et cission. This nay be reali zed,
- 12 - Laboratory Scale Polynarization Data for supported
catalyst.
A sample of the catalyst of Example 1 (199 mg)
5 slurried in hexane (2 ml) was flushed with propylene

(250 ml) into a 2 liter autoclave, previously flushed
with nitrogen, heated to 65 degrees C and containing
triethylaluminum (0.5 ml of a 1 M solution in hexane)
and propylene (1000 ml). The reaction was run for 1

10 hour. The autoclave was coocled, vented and opened.
Inspection of the interior of the reactor revealed it
to be clean and free of fouling. The polymer product
was dried in vacuo. 305 g of a free flowing, granular
iPP product were recovered. M, of 273K, bulk density

15 of 0.43 g/cc, and an average particle size of 750 u
meter.

Larger Scale Production of isotactic Polyolefin using
Supported Catalyst

20 The polymer used in these examples was produced in
a continuous, single reactor, bulk ligquid phase
po%ymerization process. The reactor was equipped with
an agitator, and Jjacket for removing the heat of
reaction. The reactor temperature was set at 65°C, and

25 catalyst was fed to the reactor at a rate of 1.3 g
catalyst/hour. Propylene was fed to the reactor at a
rate of 60 kg propylene/hour. A continuous flow of
hydrogen (0.75 g hydrogen/hour) was used to control the
molecular weight of the product. Under these

30 conditions, the average residence time of the catalyst
in the reactor way 4.0 hours. Under these conditions
the polymer was produced at a rate of 9.1 kg
polymer/hour. The product had a 22 MFR (230°C/2.16

kg).

35
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al ong wi added_beneLLL_oL shifting the MAD of the co | y
cat al y pﬂ%ﬂg&)l efin, subJ ecting the polyolefin to post-r #ﬁﬂ)%{v
treatment with an ged such as for exanple organi c or inorganic
per oxi des, which ﬂ k of the nol ecul es conprising the

pol yol efi n resin. I fins, =i #8l adi ng pol ypropyl ene which are
produced by single- site netallocene-type catal ysts nmay be subjected to a
post-reactor treatnent which will oxidatively sever many of the nol ecul es
yet | eave the nol ecul ar melght dlstrlbutlon (MAD) substantially unchanged.
Fi bers and f aBIBER ¢ RMA D EXAME o-uced from pol yol efi ns

the scope of this FRRSRY O %@%ﬁ%ﬁjﬁ?@aﬁ#‘s SBRRED (RRdRe Bl e
of a single- slbv-daBMQﬁmyjnnt@dﬂkﬁyrnrznntedsyprnsemﬁﬂa)l&WEr Thi s

;\?gf' zl;grgg ﬁI)I Zl:ﬁ g:?x \?\i/etc%nlic%ﬁ%%z‘?ﬁ sub %h;?r QS‘Q | catkl on oé%,\ﬁ“ ¥ fhﬁakes

t hese poPyol eﬂmm melttourthis fwayermcmiabednergar fdhexkinge from
them assenbled by J. J. Jenkins, Inc. (Stallings, NC). The
line consists of a § cm (2 inch) Davis Standard
Extruder (with 30:1 length/diameter ratio) and 6 cc/rev
Zenith metering pump forcing molten polymer through a
10 spinnerette plate of 72 holes of 0.6 mm and 1.2
length/diameter ratio. A metering pump rate of 10 rpm
was employed which yields a through-put of 0.625
g/hole/minute.

Fibers were drawn from the 232°C (450°F) melt by

15 an axially spinning unheated godet at 1000, 1500, 2000,
2500, and 3300 m/min. The fiber bundle, expressed as
total denier/total filaments collected at each rate was
405/72, 270/72, 203/72, and 162/72 respectively. The
fiber bundles were collected for characterization as

20  five minute runs by Leesona winder.

‘ The fiber bundle tenacity (g/denier) and
elongation were measured by pulling to break on an
Instron. Fiber testing was performed on an Instron
machine, Model 1122 coupled with the Instron computer

23 which supports the Sintech Sima (Testworks II")
computerized system for material testing. Instron
Pneumatic Cord and Yarn Grips (Model 2714) were used
for gripping the samples. A sample with 2.5 cm (1
inch) gauge and 0.1 gram preload was pulled at 500

30 mm/min to break. Break sensitivity was 95% drop in
force.

Fibers were melt spun from a 40, 51, and 68 MFR
polypropylene. These are materials which were produced
by previously described metallocene-type catalysis.

3s Fibers spun from a traditionally catalyzed
polypropylene which was subjected to controlled
rheology treatment (post~reactor oxidative degradation)

N
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very suitable for recycle use. These novel fibers nmay | be formed b by any
method in which fiber is formed frompobten polynenhmmﬁajms nmmhmd

mel t - spi nni ng, spunbondi ng processes, and nelt blow
non-tradi tional nethods including centrifugal spinnl |ng, and

filmfibrillation. CNeraII use of these various

net al | ocene-t catal ysts, mhether sypparted or unsu orted mﬁ yleld
react or gra&k‘%? R ESi ré§?‘*°ﬂh%"§’§%e@?ﬁp?ﬁyrf8 m3ﬂdsf)| l?é?ds and,

subsequenfMl1 m,shfrmﬂeﬁadlﬁgs?n&myr &amﬁewrp@yyﬁéog 1&@:@:@&:?1 el t g
Spi nni ng | W yi e I n are_individua stronger an
t her ef or e, aﬁﬁ?ﬂ&ﬁ 3l {GopRa §¥u§P3?4§?gmﬁxkﬁnﬁ?§ RPS §F§§&) Sroduct i on.
Fibers may lppat-aseectonnoxidative! treatiamivorilidserve oy i cs such as

nonvoven fa%&ﬁﬁiﬁiﬁ%ﬁ?'”ﬂhe following results were obtained from

tenacity and elongation testing of those fibers which
were spun with take-up rates of 1000, 1500, 2000, 2500
and 3300 m/nmin. The results of these tests are
presented below in Table I.

10
Table I

Comparison of Tenacity Values of Fibers Prepared of

15 Matallocene-Type Catalyzed Polypropylene (MCN) with 40,
51, and 68 melt flow rate (MFR) and Controls,
Traditionally Produced Reactor Grade (by Ziegler=-Natta
(Titanium) catalysis) and Post-Polymerization Degraded
Polypropylene, both with 35 MFR

20
Tenacitvy (g/den) .
Test Examples - ~Control Examples

Fiber Take-up MCN MCN MCN C/R Reactor(Z-N)

25 Rate (m/min) 40 51 68 33 35 MFR
MFR MFR MFR MFR

1000Q 1.94 1.74 1.53 2.03 1.25
30 1500 2.75 1.33

2000 3.54 1.51-

2500 3.97 3.77 3.25 2.69 1l.48
as

3300 4.38 3.61 break

As can be seen from these results and the graphic

presentation of these results, which is shown in Fiqure

40 1, it is apparent that the fibers formed of
metallocene-type system catalyzed polyolefin polymer
substantially out-performed the fibers made using the
control material against which they were tested
regarding tenacity. For fiber elongation, it is

45 apparent that fibers of the single-site catalyzed
material performed differently than those of the
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- 13- spunbonded—and-rett—blewn—fabri cs. These pol yners, when used in a
hi gh pMIg4s829 rats . spun or}%jeimnlgepgge%cess will generally yi SGFUSAH06617

as

di aneter fibers, th 2 overall softer fabric. The fabric wll
be stronger than a si m] Eﬂmﬁﬂmﬂf}ed fabric nmade froma traditionally
catal yzed reactor-gr [ parti2Bul-arly in |light of the fact that

there are nore and snaller fibers at each bond point within the fabric. O
course, fibers made by blending different polymers with the specifically
detail ed reactor-grade polyolefins, as well as fibers nade with various

additives inc ' | bach e 4 Okegiier iifd ers are
deened to be F%P&gg’%%% ?ﬁidgjés%%p‘g&éﬁ?ﬁlﬁgiiéﬁ%gﬁ 3? A(r%id,tliéonal ly it

is clear thataPPB§P§tpE@in§?qr?ﬁﬁ?kﬁ#b%ﬁ%tonEFEdBEQGIﬁﬂiﬂﬂ%ﬂgwﬁxed with
other materialg1ineetdity 1ddsi@idi@tidn but form generally stronger

fibers, at a given take-up rate which relates to final

s fiber diameter,'than will the control fibers made from
the conventionally catalyzed non-oxidatively degraded
polypropylene. In all cases, the resins which were
used as controls for comparison were obtained from
Exxon Chemical Company and are generally available with

10 various MFR's. The metallocene~type catalyzed resins
were obtained as described previously.

While not wishing to be bound by theory, it is
also apparent from these results that, as greater force
is applied after the fiber is melt-formed, the tenacity

15 of the single-site catalyst produced polyolefin fibers
increases markedly. This is easily seen through
recognition of the fact that as the take-up rate is
increased, the fiber diameter decreases and a greater
degree of strain is imparted to the fiber. It is

20 apparent that the test example fibers have noticeably
hiqher tenacities at the higher take-up rates than do
either of the control examples. The tenacity for
fibers of traditionally catalyzed reactor-grade
polypropylene even tends to degrade as greater force is

25 applied and cannot be formed into fibers due toc fiber
breakage during take-up. This is a significant
advantage for a fiber producer who will gain benefit
from being able to form smaller diameter, therefore
softer, fibers. Remarkably these smaller fibers will

. 30 "also, counter-intuitively, have higher tenacity. This
newly discovered trait of fibers formed of reactor-
grade, metallocene~type produced polymer therefore
offers the ability to form smaller fibers requiring
less material, which are softer due to their greater

35 flexibility, and which are stronger, yet still may be
produced at higher rates:; a tremendous set of
advantages for any fiber producer.
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catal yzed pol yners, natural fibers or other polyners as wel | as resins

produced by m xed catal ysts in which one, atalyst S ‘H%red
under nost conditions, to be single- S|te also fall e of
our invention. The fiber producer will also gain benefy

| nproved processability of these polyners as descrlbed earller When
applied to a nelt bl owmn nonwoven fabric processes, again, the fabric maker
wi || benefit fromﬁiﬂtﬁwaEP§§§8§|§§a§flﬂﬁmgﬁﬁﬁﬂrtQ#EPVPIFaBG'aEFé to

pr oduce snal Efti??eﬁiralh'%dMﬂﬂe3§fﬁfﬁftﬁﬁgﬂﬁ§ and softer

fabric but, in speC|F¥|zed cattons, wll also yireld better filtration
capabllltlesﬁQ¥mq nd?ftﬁbesﬁﬁbprﬁubépimQPikﬂﬂ?lniﬁkﬁeﬁﬂﬁﬁ§r of regul ar,

uni formy di HaphidsLd &fPEhEsPEhvBAtE Sneniiincdd dhéUsesehgeh YPene viel d

smal | er |nter flber spaces allow ng greater retention of partlcularly smal
particlds. finalyfibers; pbacexplorg:the henekitsi93ingdnake stronger,

nore flexi bl gnde¥dtdnd | €8bEe2BEnkEALSGS and' Etdnderdexei tRe of all kinds

such as m“tt(zisﬁ¥gment of those benefits, we looked at the
imparting of strain in the final fibers. The melt-
drawn fibers were formed by extrusion or drawing

10 through a spinerette, or die, with holes having a
diameter of 600 um. The strongest fibers were
substantially smaller in diameter than that hole
diameter, or initial formation diameter. Division of
the initial formation diameter by the final fiber

15 diameter yields what we have termed as the "final draw
reduction”. At take-up rates of 1,000 m/min, the final
fiber diameter was 29.3 um; the initial formation
Qiameter was 600 um. Deriving the final draw reduction
(FDR) for that fiber by dividing 600 pum by 29.3 un

20 yields an FDR of 20.3. Similar calculations for fiber
which was wound or taken-up at 1500 and 2000 yields
FDR's of 24.7 and 28.8 respectively.

After viewing the tenacity test results as

presented in Table I, it is apparent that the fibers

25 produced from single-site catalyzed, reactor-grade
polymers with final draw reductions greater than about
20 substantially outperformed the analogous fibers
produced from traditionally catalyzed reactor-grade
resins. Based on the test evaluations for tenacity it

30 is believed that the enhanced tenacity would also be
found in fibers (made from single-site catalysis
produced reactor grade polyoclefin) produced with take-
up rates of about 500 m/min. since application of
force, or imparting of strain to reduce diameter and

35 increase tensile modulus can be accomplished by this
spinning rate. The higher take-up rates of 1000, 1500,
2000, 2500, 3000, and 3300 m/min would be progressively

THIS SHEET HAS BEEN
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- 14 - and nonwoven fabrics. Such characteristics will allow fiber and

fabri cwoegugavati on in various nenbranes including those uperws94/66017

filtration or osnnﬂhﬁsmxdhaHW@Fsﬂﬁhdas bl ood filtration or barrier |ayers,
I

gas exchange nedia; kK I d-use, or full-use apparel including
daily wear or athlet

uter-wggr -~ i tems useful for nedical or
surgi cal applications such as gowns, caps, face masks, foot or shoe -covers

or booties, waps, drapes, shirts, and pants. These small, soft fibers and
their fabrics will be useful where |ow bl ood strike-through, or inproved

more preferred. It is apparent, however, that

application of force to gain these benefits can be

accomplished through numerous means including the

application of processes for fiber making and immediate
5 fabric formation including melt-blowing and spunbonding

as well as the demonstrated melt-drawing.

Spunbonding Examples

Another test was run to form fibers and create a

spunbonded nonwoven fabric. This was accomplished by
10 use of a one meter Reicofil line which is made by
Reifenhauser Company. The extruder size was 7 cm (2.75
in.) with a 30:1 length:diameter ratio. There were
3719 die plate holes, each having a diameter of 0.4 mm
with L/D = 4/1. Table I provides general information
15 on the polymers which were tested, processing
conditions for each polymer tested, and test results of
the nonwoven spunbond fabric which was produced. The
spunbonding process is one which is well known in the
art of fabric production. Generally, continuous fibers
20  are extruded, laid on an endless belt, and then bonded
tozeach other, often by a heated calendar roll. An
overview of spunbonding may be obtained from Wadsworth,
L.C. and Goswami, B.C., Nonwoven Fabrics: "Spunbonded
and Melt Blown Processes", proceeding Eighth Annual
25 Nopwovens Workshop, July 30 - August 3, 1990, sponsored
by TANDEC, University of Tennessee, Knoxville.

Three metallocene-type catalyzed polypropylene
resins were tested in a spunbonding process and two
control materials were also tested. The controls were

30 ‘70 melt flow rate (MFR) and 35 MFR respectively. The
first two single-site catalyzed resins to be tested
were 68 MFR and 45 MFR respectively, in an effort to
use apparently similar nominal molecular weight
materials for comparative testing. The third test was

3s to spin fibers and form nonwoven fabric of a 22 MFR
single-site catalyzed polypropylene. Two tests were

THIS SHEET HAS BEEN
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bacterial and viral filtration efficiency is beneficial. The soft

character of textiles and fabrics made witu,these fibers al so makes t hem
useful for personal sanitary products iné1uding di aper and i ncontinence
protection cover stock and inner liners as well as fem nine care products
and reusabl e or disposable w pes. The small dianeter of the fibers and
ability to fluff them makes themuseful for itens such as bl ankets
surgical, ne¥RBA| ONGeEAGHViFRHA Jreltr renpaEBIurg ofi 230°S (AP Fbft
fabrics. Theapaf andttdroudgtr Wmel€rtémpebathiraeof @r:@_"f@bgm‘_’wke them
useful as covers for valuable or cherished jtens includin urnifure,

aut onobi | es, and Jbs&&Fests,Vers | ruR 4B Fhisy ppner 4§ eppine

t L eat ment s Sa@.hféli'lé‘rfﬂﬁs' m&;fdaﬂespmlwehaedl Qﬁb@&s)ra#uarfauﬁée% i ng
sheets, pest-repellent, or dust attractor carryjing_sheets. e
t oughness, sfP ath yamRng femperrturas.n &’8 E?%%‘Psﬁﬁfgéﬁsﬁr ea, of

these new fi pestsaihdlalding Silér ndkatetaemmeastlerents haid abans et

applicationss%%gg Eh(gA éHe(ﬁgggfgé airettibn’of the final finished
spunbonded fabric are presented below in Table II. It
should be recogni;ed that all fabric tested was a

10 nominal 40 g/m? basis weight.
TABLE I1II
Fiber MD Tensile
1s ____Sample Diameter(um) Strenath.ka/cme (psi)
Control SP 70MFR 21.46 0.698 (9.86)
SSC 68MFR 17.83 0.73 (10.43)
20 Control SP 35MFR 24.46 0.58 (8.24)
ssc 45MFR 19.13 1.05 (14.88)
SSC  22MFR,210°C 21.86 0.66 (9.46)
SSC  22MFR,238°C 17.80 1.07 (15.22)
25

From this set of test data it is apparent that the
fabric produced from the smaller diameter fibers which
were made from resin produced by single~site catalysis
are consistently stronger than the control fabrics. :

30 This is particularly evident when the fibers are formed
at about 240°C. Fabric producers will benefit by
having the ability to prepare higher strength fabrics
comprising smaller diameter fibers. Practice of our
invention will allow such manufacturers to accomplish

35 this simply through judicious choice of their
polyolefin resin and without significant modification
of their processes or equipment.

Melt Blown Examples
40 Further testing was done by preparing fibers using
2 melt blown process with similar materials. Melt blown

THIS SEERT HAS BEEN
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containment, particularly for spills. Toughness also contributes to their

usef ul N¥€x94/28288 her i ndustrial applications including bal e WGHUSH4/068FT ous \
ki nds such as cotton or rubber wap, housewap as well as for . N
- 15- uni que textiles such as geotextiles useful for such things as road

bed and soil stabilization. Ot her useBal =applications include thernal

I nsul ation barriers and various filters including cigarette filters and air
handl i ng systenms such as heating ventilation and air conditioning systens,

as well as water purification filters, air filter face

technology is well known in the art of non-woven fabric
production. An overview of the process may be obtained
from "Melt Blown Process", Melt Blown Technoloqv Today,
Miller Freeman Publications, Inc., San Francisco,

5 California, 1989, pgs. 7-12. This testing was
accomplished using a 51 cm (20 in.) Accurate Products
Melt Blown line. The extruder was a 5 cm (2 in.) Davis
Standard with a 30:1 length:diameter ratio. The die '
nozzle had 501 die holes. The diameter of each being

10 0.4 mm. (0.015 in.). " Die length was 15:1 and the air
gap was set to 0.15 mm. (0.060 in.). The comparative
traditional material was obtained from Exxon Chemical
Company and specified by MFR. Each of the other tested
resins were single-~site catalyst preoduced polyolefin as

15 earlier described.

Melt Blown Example I
Two samples of poly-alpha-olefin, specifically

polypropylene polymerized with metallocene-type

20  catalyst, were formed into melt blown fabrics as was
one control of peroxide treated, conventional, titanium
chloride catalyzed polypropylene (3545G, 400MFR with
750 ppm peroxide; obtained from Exxon Chemical
Company). The polymer properties of the polypropylene

25 from which the fabrics were formed and corresponding
air permeability values of the fabrics are presented in
Table III.

Air permeability was measured according to INDA
Standard Test IST 70.0-70(R82), similar to ASTM D737-75
30 "and FTM'S 191 Method 5450-1-1970. The measurements
were made using a Permeability Testing Machine which is
available from Frazier Precision Instrument Co., 210
OCakmont Ave., Gaithersburg, M.D.

This Sheet Has Been Replaced
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'masks. Ot her usef ul application include separating rom hydr ocar bon,
HEPA application, and filtration for autggoLive air Q&ﬂgﬁhugaﬁmkwﬂnmbrane

applications include battery separators, ut|I|ty tar
various tenting applications. Fabrics for many 8E| |ons may
be in single or nulti-layer, conformed or |am nated f

spunbonded- nel t bl own-spunbonded nul ti | ayers._other fiber/fiber conposites,
and filnm fiber |amnates. The nmulti - Q%& JrI"Eonposi te fabrics may be
bonded in an)?dl‘?ﬂﬂ@ﬁbﬁeﬂﬁ!ﬁsoanaomw&dﬁ&lﬂilﬁﬁhvdiuhacbudm*.

ent angl enent guc as .ne dlegygch and hydroent angl ement, by thermal or

ul trasonic ) application of adhesive filnms or |ayers,
sol vent tacklfylng, and by appllcatlon of radiation including electron

beam mitr owa T AVEAVerdlia o] USC Al ity
frequency (RF NN WE [TidvelppdV NI
(for oxidative
_ degradation) | (m3/min/m?) (3/min/2)
10 Control | Convensional __ | 995 | 70.300 | 750 35.66 117
Sampie I | Metallocene 1076 | 66400 |0 17.99_ 59
Sampie 1T | Metaliocens 1470 | 61400 [0 15.86 52

(1) All fabrics were 34 g/m? (1 oz/yd?)basis weight
15 (2) Based on catalyst type - either conventional or
Metallocene based catalyst

As can readily be ascertained, the fabric of

Sample I has an air permeability value of

20 17.99 m3/min/m? comparing favorably with the relatively
open structure of the Control fabric having a value of
35.66 m3/min/m2. Although the MFR of Sample I is
slightly higher, and correspondingly, its molecular
weight is slightly lower than the Control polymer, the

25 difference is too little to explain the large
difference in air permeability.

{ Sample II has significantly higher MFR and lower
molecular weight than Sample I and the Control. The
fabric of Sample II has an air permeability value of

30 15.86 m3/min/m2, only slightly less than Sample I,
certainly far below the value of the Control fabric.
The improvements in air permeability of both materials
of the Invention should correlate well with improved
filtration efficiency and barrier properties. This

3s indicates that more and smaller particles will be
retained on filters produced by single-site catalysis
(ssc).

Melt Blown Example IX
40 Three different meltblown fabrics were made using
two samples of polypropylene, one polymerized with

THIS SHEET HaS prpmy |
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Figure 1 is a graphic display of tenacity and el ongation plotted agai nst

t ake- upvOBB8238npari ng fi bers nmade f‘0n1connercially avai | aBCEUSSH/9608T .

DETAI LED DESCRI PTI OMiis SheetlHids BEdN\Rzpi

Fol | owi ng are descri ptions of

preferred enbodi nent mhlch denonstrate and illustrate the
I nvention in concret to be Ihderstood, however, that such
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single~site metallocene-type catalyst and a second, a
control which was peroxide treated (750 ppm)
conventionally catalyzed (using titanium chloride)
polypropylene (400 MFR) (3545G, 400 with 750 ppm
peroxide from Exxon Chemical Company). Melt blowing
processing conditions for each polymer were optimized
to prepare webs or mats having: 1) the highest
coverage, 2) highest apparent air permeability, 3)
lowest shot, and 4) the softest hand possible. "Shot*
is generally described as "lint and polymer droplets"
in the final fabric. The presence of shot is a defect
in the fabric and its occurrence is undesirable as
fabric with excessive shot is unusable.

Of the key processing variables, including air
rate and air temperature, we <found extrusion
temperature to be the most critical variable to offset
the desired final fabric properties. The polymer
useful in the practice of this invention (single-site
catalyzed material) formed a superior fabric at 232°C
(450°F), while the Control required a higher
ten‘xperature, 254°C (490°F), to make it's best fabric.
As has been seen previously in the description of this
invention, numercus benefits will accrue to the fiber
and fabric producer including: 1) less energy expended
in production, 2) 1longer die 1life, and 3) 1less
volatilization of lower molecular weight molecules as
well as other advantages.

It is known that application of a light water mist
on the molten polymer stream between the die and the

‘collector will improve fabric properties including shot

(US 3,959,42). The conventional PP control fabric
properties were significantly improved by water mist
application, as shown in Table IV, yet as is also
shown, they remain generally inferior to the fabric
produced from single-site catalyzed polymer which was
prepared with water mist quench. Thus, it is
demonstrated, again, that practice of this invention

N
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exanples are not inplied as, or to be read as limtations of the scope of
this invention. For the purpose of gssgribing this invention in this
specification and included clains, the“Terns "single- site catalyst" and
"single-site catalysis” will be understood to include true single-site
catal ysts as well as conditions of catalysis which use single-site

catal ysts. Under sone circunstances or conditions of Bolynerizat'on, It

i s possi bl stkXlt spheldppaiwpreyedi ngfdbexrse cAnd yst Behathile a
f ashi on “hiﬁic}nﬁfgf $h§S tHa! pbBdudee '@ Nprddess Sitiéreby! cledtttlig

catal ysts and catalysrs are ihtended to bé included in this term nology.
Such singl®®8%¥%e catalysts nay include, for exanple, netallocenes and
net al | ocene-type conmpounds (MCN) or ionic species conbined wth
cocatal yst or activating ions, mxed netall qcenes or netall ocene-type
materi®ls, and nixtures, combinationss 4 Vi dual selections fromthese.

Qualitative Properties of Fabrics Prepared from
Peroxide Coated Polypropylene Control Melt Blown
and S8ingle~-8ite Catalyzed Polymer.

10
Fabric Hand Coverage Shot
Control Medium Medium High
without '
Water
Control with Soft Good Very Low
Water
Invention Very Soft Excellent Low
with Water.

. In interpreting the qualitative results of this

experiment, for which it was intended to produce the

15 best possible fabric from the best available polyolefin

to test against the inventive fabric, it is useful to
understand the following:

Hand is a measure of fabric softness. In

20 this test, subjective comparison of "hana"
was determined by a technician utilizing
ungloved touch.

Coverage is estimated by holding the fabric
25 before a backlighted glass and grading the
fabric web uniformity and light transmitance.

| This Sheet Has Been Replaced
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This invention includes fiber conprising reactor- grade pol

has beavogdR82ed by single-site catal ysis. Thi s inventgéWFﬁwgﬂmr7
i ncludes fiber and fabrics conprising reactor grade isotactic polyol ef
wherein the polyolefin is produced by single-site catalysis and has a nelt
flowrate in the range of >0 to 5,000 andB&uotecul ar weight distribution in
the range of 1.0 to 3.5. Cenerally the preferred upper ranges of MR

dependent upon neans of formation will be 3,000, dg/mn., 2,000 dg/mn

dg/ mn.,

or

5 dg/mn.,

spi nning MFR preferred rapnges wll he 5

spunbondi ng MFR pr@‘%r?%ﬁgréﬁ&&s% epH¥

ol efin which

in

. 250

150 dg/m n. The preferred | ower ranges of MFR will generally be

50 dg/ nMighotorwdé0ddteFuined ?ASeetgﬂaeiul; e taseunt el t

melt bl owmn MFR prefpafoare rargeckdighted gladg.nin. to 3,000 dg/ mn..
Generally the progessively preferred upper ranges for polymer MAD wil |

about

5

10

15

25

30

Table V presents more gquantified data relating to
the | use of meltblown  fabrics in filtration
applications. Commercially produced PD3545G, available
from Exxon Chemical Company, is granular polypropylene
with peroxide coating. Its MFR is in the range of
about 1100; this material is used, in Table V as a
control for comparison against a popular oxidatively
degraded polyene specifically produced for fiber,
particularly high-speed, production. The test polymers
were made by single-site catalysis as previously
described.

Table V shows three comparisons. MBl1 and MB2
demonstrate the fabric test results for fabric produced
at commercial rates, 0.8 g/hole/min: MFR for the
control and test fabric are well matched at around
1100.

i MB3 and MB4 use the same polymers with matched
MFR; the difference between this test and the previous
test is that both polymers were run in this test at
optimal, for fabric qualities, rates rather than
matching production rates. The intent with this was to
make the best possible control fabric to test the
inventive fabric against.

The third series presented in Table V uses
optional production rates and varies the MFR of the
polymer being used to make the test fabric.

—_—
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- 17 - 3.5, 3.2, 3, 2.5, or 2 2 The i ncreasingly preferred pol yner
MAD | ower ranges will be 1.0, 1.6, 1.7, 8 or 2.0. These fibers can
be used to formfabrics conprising t he ?lbers by traditional weaving, and
knitting, as well as through nonwoven formati on such as spunbondi ng and
melt bl ow ng processes. Fabrics made fromthese novel fibers, particularly
when the fibers are of a

Table V
061~ { Resin/Mfr | GHM | Temp, Air Perm., Filt. Cooments
°p n3/min/m? Efficiency
- (2£3/min/££2) v (2)
MB1 SSC 1110 | 0.8 450 20.12 34.5 Matched
(66) | NFR at
Commercial
Thru-put
MB2 Control 0.8 450 35.96 20.4
1100 {118)
MB3 SSC 1100 | 0.4 450 15.54 52.2 Matched
{51) _ MFR at
optimum
thru-put
MB4 Control 0.4 450 24.08 22.6
1100 (79)
MBS SsC 1100 | 0.4 400 32 21.1 Differing
. (10S) MFR
HB‘G SsC 1250 | 0.4 400 28.34 28.5
(93)
MB7 Control 0.4 400 55.17 10.1
1100 (181)

GHM = grams/hole/min
(1) Finely ground NaCl; number average = 0.1 um; weight
s average = 0.5 pum

As can be seen from these three tests, the
inventive fabric outperforms the control in each series
match. It is also interesting to note that the

10 inventive fabric produced at the commercial rate (MB1)
also outperforms the control made at optimal rate (MB4)
by demonstrating lower air permeability and higher
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conparati vel

dr apeali¥@ %

smal | dianmeter, display better hand and wil |
fabffes—pfedﬂeed—ef—a mlar fibers having begﬁrﬁgﬁmﬂl&m \

traditionally cat eetfla% de polyolef ins. This is particularly
t he case since the nventlon can be nmelt drawn to a finer
di aneter than tradi H zed reath or-grade pol ypropyl ene.

While not ws

heory we believe that, because of the

hing t

consi stency of the | engt h of the pol yner chains (narrow mol ecul ar wei ght
distribution) and the consistent tacticity distribution of the single- site
catal yzed pol ﬁiﬂ.tts:atitmfebéielehcyur(amntl @f weategdadr aetainedt ponger,
or have hi gher %I ty than conventional polynmer when drawn to fine

dianeter in s

p| he fact that they are drawn to a finer dianeter.

means that extra stk Wﬁimlﬂnbﬂ ibteresting nceswht dssaratedsinsthe

enhanced by digg

erX|b|I|ty of

drapeabi Bity
processes, W
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a resulting fabric which

ifferent GHFR, apFe  RFLA f tl?er?”‘&ndtpgel nyeRyLve;
Ifuﬁqr&_f itags can be seen, benefit is obtained by a

higher MFR. This is particularly meaningful when it is
recognized that the 1250 MFR of MB6 could only be
obtained by additional peroxide degradation of the
commercial, traditionally catalyzed, polymer. This
means that additional short-chain, low weight polymer
molecules would be present. This would lead to more
drooling, smoking, and low—-end tail volatilization. It
is readily apparent that the inventive fabric; which is
softer, has more uniform fibers with more uniform
distribution, and has better filter properties; is
preferable to the traditional fabric which, in addition
to its 1less effective filtration properties, would
include undesirable processing disadvantages to make.

A further qualitative test of air permeability and
contaminant retention was made by a volunteer willing
to‘expcse himself to toxic materials (a patent attorney
whose registration number will not be provided) by
smoking cigarettes through pieces of fabric held at the
end of each cigarette. The volunteer noted, in this
double blind test, that he was unable to “"pull" on the
cigarette after three puffs using the inventive fabric
while entire cigarettes could be smoked through single
pieces of the control (with water-mist gquench) fabric.
This result was consistent over multiple tests and is
consistent with the measured results. This seemingly
casual test vividly demonstrates the effectiveness of
the inventive fabric for particulate retention and
illustrates its practical value.

Alteration of MFR Without Substantial Change of MWD
As noted earlier, polymer produced by single-site

REPLACED
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fromthe practise of this invention. Progressively prepared fiber

di aneters are in the range of from1l tg | ess than 50 [err]mand from
greater than 3 to less than 20 [err]m gpe0|f|cally, for exanple, fibers
having a dianeter of 400 [err]m 200 [err]m 100 [err]m 50 [err]m 20
[err]m 10 [err]m 5 [err]m 3 [err]m are possible. Coarser fibers wll
benefit sone by the practice of this invention, but not to the extent by
whi ch finercatddysis idamdhefsubjected to degradation, particularly.

Addi ti onal | 1:1&3@.&%8 £HBLOVGYY EUAErbLNcor I Rffdsthbht)avEo S fbdEEaNt |y
nore fibers Iven
average molecular weight. This means that some post-
reactor treatment may be applied to reduce melt
5 viscosity and increase melt-flow without substantially
altering polyoclefin molecular weight distribution, or
dispersity. The test examples presented in Table IV
demonstrates this feature which will not be available
with polymers produced by traditional catalysis. PD
10 37026 is a polyolefin obtained from Exxon Chemical
Company. The SSC polyolefin was produced in a manner
similar to those previously described and is

representative of SSC-produced polyolefins of its type.

15 Table VI
Resin Peroxide, % MFR, M Weight MWD
d9/min Avg. (Mw/Mn)

PD3702G None 6.3 319,827 6.17

PD3702G 0.05 32.3 | 139,282 | 3.s6

PD3702G 0.10 79.0 121,326 2.86

! ssc None 5.5 209,358 1.81
Polyolefin

ssc 0.05 22.8 158,338 1.76
Polyolefin

ssc 0.10 55.2 126,599 1.74
Polgolefin

—_—
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wei ght, particularly for nelt blown nonwovens. This nmeans that such

f abri cowodarzkreexpected to be generally stronger while stil IPCEUSH4E6017 \\§<
smal | pores or spaces between fibers. This characteristic will be S
particularly useful in filter applicafioﬁ where both overall strength of

the fabric and its ability to filter smaller particles—will be beneficial.

In recent years several catalyst systens based upon net - e n

chem stry have been devel oped. These incl ude Wl born, EBIMﬁﬁHﬁmﬁﬂM"ﬂH S
hereby incorporated by reference and which describes use O ") Fo RN

cycl opentadi enyl transition netal conpounds for catalysis of ol efins.

Turner and H ﬁi&?MSEP A 277 003, EP A 277 004, and US 5,153,157 which are

i ncorporated by reference describe discrete catal yst systens based on

nmet al | ocene-type chem stry but enpl oying ani onic, activators. .Canjc us
5,057, 475, i ncor porfat ed 8%f o FORPEL riB%%cﬁPEFFFa&ﬁ3nﬁﬁ%¥éﬁ?{hp

catal ysi s usi gpiehdhassbedi aptogesed! ypessaydleyrstiteratamlyssis.
nDnocycIosentadienyI/heteroaton1transit|on nmetal compound is substituted

for the earlier generations of netall ocene conpounds. Canich, H atky, and

Tur ner 2. Fiber comprising reactor-grade poly-alpha-

olefin wherein poly-alpha-olefin has a melt flow rate
in the range of greater than zero to 5,000 dg/min, MWD
in the range of 1 to 3.

10

3. Fiber of claim 1 or 2 wherein polymer has MWD
in the range of 1.6 to 3.
4. Fiber of any previous claim wherein polymer
1S has MWD in the range of 1.7 to 2.8.

5. Fiber of any previous claim wherein polymer
has MWD in the range of 1.8 to 2.5.

20 6. Fiber of any previous claim wherein polymer
hag MWD in the range of 1.8 to 2.2.

7. Fiber of any previous claim wherein polymer
has a melt flow rate in the range of 5 to 3,000.
25
8. Fiber of any previous claim produced by
forming the fiber from molten polypropylene.

9. Fiber of any previous claim formed by passing
30 "molten polypropylene through at least one forming
device having at least one fiber-forming opening and
being concurrently or subsequently solidified.

10. Fiber of any previous claim formed in a melt
35 spinning process. —
“Thiis Sheet Has Been
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.. WO09428219 PCT/US94/06017
describe, in WD 92/00333, also incorporgted by reference, the use of ionic
activators with nnnogicIOﬂentadienyI/het oatomtransition netal conpounds

for olefin poly L“ m”uulSpeci fic nmetall ocene-type catal ysts usef ul
for producing i ' A S

olymers may be found in EP A 485 820, EP A
485 821, EP A 485 822, and EP A 485 823 by Wnter et al, and US 5,017,714
and 5,120,867 by Wl born. These publications are included by reference

her e. Vari ous publications describe placing catal yst systens on a
supporting medi umtdnd Fddexr ahanvspreyvihgususiadme Leemefyinsa ngdse

include U. S. gB3hfAANhYy process and being subsequently or concurrently
mechanically wound.

5 12. Fiber of any previous claim wherein the
polypropylene has an MFR in the range of 5 to 150.

13. Fiber of any previous claim formed by
movement of fluid other than molten polymer.
10
14. Fiber of any previous claim formed in a
spunbonding process.

15. Fiber of any previous claim wherein the
15 polypropylene has an MFR in the range of 5 to 250.

16. Fiber of any previous claim formed in a melt
blown process.

20 17. Fiber of any previous claim wherein the
po%ypropylene has an MFR in the range of 50 to 3000.

18. Fiber of any previous claim having a diameter
in the range of one to less than 50 um.
25 B
19. Fiber of any previous claim having a diameter
in the range of greater than 3 to less than 20 um.

20. Fabric comprising fiber which comprises
30 reactor grade isotactic polypropylene wherein the
polypropylene is produced by single-site catalysis and
has a melt flow rate in the range of greater than zero
to 5,000, MWD in the range of 1 to 3.5.

35 21. Fabric of claim 20 wherein polymer has MWD in
the range of 1.7 to 3.
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- 19 - 5 006, 500, 4,925,821, 4,937,217, 4,953,397, 5, 086 025, 4,912, 07

and 4, Qda19 OY Chang and U. S patents 4 808 561, 4, 897, 4!15[1059%017255
5,124,41 & 4,701, 432, by Wel born, all qgf which ar-
reference The TolTow ng exanples “deftfnsirate thgbus of supported

catalysts nay bé fSund in U S. 5,240,894 by Burkhardt.

catal ysts used for the follow ng exanples were enployed in a bulk

| i qui d- phase pol ynerization process, the concepts relating. to catal yst use
presented here may Ba-apfakxic ®bhiany Cpbﬁylheigzat RanWPLEEAEs BOLYREN i ng
for example, gﬁsspaaaeltslf(-ww PGS LR Ehb! BHngECEIULE LB 2GEUS.

Per meat i on Chr onat ogr aphy Is a liquid chfomatography techni que mndely
used to neasure the

met al | Hmmﬂmm M’ﬂmsts for preparation of isotact s Dlagedf  n.
Furt he ating to support techniques and m " ported

23. Fabric of any claim 20 - 22 comprising fiber
5 formed from molten polypropylene.

24. Fabric of any claim 20 - 23 which is produced
by a spunbonding or melt blown process.

10 _ 25. Fiber'comprising isotactic poly-alpha-olefin
wherein poly-alpha-olefin:
1) a) is produced by single-site catalysis:;
b) is substantially free from post-reactor;
i) treatment to accomplish molecular
15 scission; or :
ii) treatment to reduce poly-alpha-olefin
viscosity:
c) has melt flow rate in the range of greater

than zero to 5,000 dg/min; and
20 d) has MWD in the range of 1 to 3.5; or

2), a) is produced by single-site catalysis
b) has been subjected to post-reactor treatment

to
i) accomplish molecular scission; or
25 ii) reduce viscosity;

c) has melt flow rate in the range of greater
than zero to 5,000 dg/min;
d) has MWD in the range of 1 to 3.5 which has
not been substantially altered by post-
30 . reactor treatment.

26. The process of producing fiber of isotactic
poly-alpha-clefin resin having melt flow rate in the
range of greater than 0 to 5,000 dg/min and MWD in.the

35 range of 1 to 3 and, optionally, non woven fabric, from
that resin comprising the steps of:

THIS SHEET HAS BEEN
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mol ecul ar wei ght (MY and nol ecul ar uei ght distributions (MAD) or
pol ydi sper si

ty of This is a comon and wel | -known technique."
Such charact}iill “ﬁi ﬂm m‘:rl bed here, have been neasured using the

broadly pra as descri bed bel ow. Equi prent and Reagents
vaters nodel 150C chr omat ogr aph Three (3) Shodex AT-80M
(nlxed bed) col ums 1, 2, 4-trichlorobenzene (HPLC grade) as sol vent

Sanmpl e pol yner to be tested erating Conditjons:
145[err] C qrgaeé

nper at ur.e:

FI W r atEOntacting @ Hin #Enguericientdise,

| nj ection vm.. 300 nasdotemperaftiie under reactive process

10
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conditions, with a catalyst capable of
forming isotactic poly-alpha-olefin;

b) forming isotactic poly-alpha-olefin;

c) recovering the desired isotactic poly-alpha-
olefin;

d) transferring the poly-alpha-olefin to a means
from which molten poly-alpha-olefin may be
produced;

e) forming fiber from the molten poly-alpha-
olefin;

£) concurrently or subsequently solidifying
fiber; and

g) collecting resulting fiber or, optionally,
further processing fiber to form fabric.

27. Fabric of any of claim 20 - 24 comprising
fiber or fabric produced by one or more methods and
formed as a composite or laminate.

28. Fabric of claim 27 which is a laminate or
composite comprising spunbonded and melt blown fabric.

29. Fabric of Claim 28 which is a laminate or
composite comprising spunbonded and melt blown fabric.

30. Fiber of Claim 10 wherein the MWD of poly-
alpha-clefin is in the range of 1.7 to 3 and MFR is in
the range of 5 to 250.

31. Fabric comprising fiber of claim 30 formed by
knitting or weaving .

32. Fiber of any of claims 1 - 19, 25, 30 - 31
produced from molten poly-alpha-olefin with mechanical

This Sheet Has Been Replaced
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- 20 - Sampl e Preparation: Sanmpl es are prepared by wei ghing 10 ng of \
sanpl e At &, Om vial. 10 mM of trichlorobenzene (TCB) i%(ﬂgﬂ t he
nixturéwﬁgas I'fred at about 180[err]C until all the sanple is d|%§6 ggh ‘%_
This is n about 38 nédutes. The solutions are then h
transferre vials and placed in the 150C GPC. Calibration
The i nstruggi\mm,“ m d by using narrow MAD standards and fitting the
results to d er calibration curve. The standards are polystyrene
and the MV shown are the pol yethyl ene equi val ent wei ghts obtai ned by using
t he appropriate Mark-Houw nk constants.

winding greater than 1500 m/min such that its final

draw reduction is greater than 20.

33. The process of claim 26 wherein fiber is
5 melt-spun and collected at a rate such that its final
draw reduction is greater than 20.

34. Fiber of claim 25 produced in a manner such
that its final draw reduction is greater than 20.
10
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Dat a Acquisition and Evaluatlon .. .Data, are acquired and all cal cul ations

performed using Waters "Expert- Ease “sof'tmare installed on a VAX 6410
conput er. CATALYST EXAMPLE Catalyst uction (includes six step

catal yst production and net hod of Fpﬂ(grtlng on inert nedia) Synt hesi s of
rac-di met hyl sil anediyl bis (2-nmet hyl - 4\3- benzoi ndenyl ) -zirconi um di chl ori de
D et hyl methyl (2-naphthylnmethyl) malonate (1) . . 5.15 g (224 mmol) of

sodi um wer e di SS§| doin 150 of absaolute ethanal. _hilo m| ng, and
37.3 ml (217 mol) |of diethyl nethyl mal onate were added at{room
tenperature. A sol pition of 50 g (217 mml) of 2- bronDneth/InaphthaIene
(96% pure) in 270.p of ethanol
-1 450
4 - — 400
c — 350
] R
2
° S
> 3F — 300 *g
o c
- —1 250
2 —1 200
i -1 150
| ] | 1 L 100

500 {000 {500 2000 2500 3000
Take Up Rate, m/min

[700-097E
x PP—-3445 CRed 35 mfr
O 083-001 22 mfr

% 072-002 40 mfr
Z 074—001 51 mfr
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was’ slowy added dropwi se at O[err]C, and the m xture was heated under
reflux for a further 4 to 5 hours. It was poured onto ice-water and

The

extracted with ethyl acetate. =21

conbi ned organi c phases were dried with sodium sul fate andREP{ADBMENEGHEET

After drying under an oil punp vacuum the oily residue pa
hexane at O[err] C, whereupon 55 g (81% of the conpound {L
Synt hesi s of 2-Methyl - 3-napht hyl propi onic acid (2)

) 0V A

Title: NOVEL POLYOLEFIN FIBERS AND THEIR FABRICS

SPECIFICATION
EIELD OF THE INVENTION

This invention relates to novel fibers made from
reactor grades of isotactic polyolefins and fabrics of
those fibers. These novel fibers and fabrics are made
from isotactic polyolefins which are a reactor-grade
polymer useful for fiber formation without being
subjected to post-reactor treatment to lower molecular
weight, or having been subjected to post-reactor
treatment without substantial alteration of MWD of the
polymer resin.

BACKGROUND OF THE INVENTION

Poly~alpha~olefins traditionally have been
catalyzed by well-known multi-site catalysts including
Ziegler-Natta type catalysts such as titanium chloride.
While such catalysts are useful for producing resins or
polymers of alpha-olefins, including polypropylene,
they produce polymers with relatively broad molecular
- weight distributions or polydispersity which will
" include significant fractions of polymer material with
* both higher and lower molecular weight than the average
or nominal molecular welght ‘of the polyolefin polymer.

The hlgh molecular welght fraction included in the
tradltionally catalyzed polymer is llkely to cause
processing dlfflcultleg’for the maker;of'poiyﬁropylene
fibrous or fiber-containing products. While not
wishing to be bound by theory, it is believed that the
high molecular weight species of polypropylene which-
are found in such reactor-grade polymers, will
contribute significantly to the melt strength of the
molten polypropylene catalyzed, thus diminishing the



A solution of 23.7 g (422 nmmol) of potassium hydroxide in 50 ni BEPLAGEMENT SHEET
was added to 33.2 g (105 mmol) of the conpound 1 in 70 m of efhpnol,, ant
the m xture was heated under reflux for 4 hours. After the sol
stripped off, the solid residue was takes up in ethyl acetate,
added and the pH was brought to 1 with hydrochloric acid. The
was extracted several tines with ethyl acetate. After drying er nmagnesi um

sul fate, the conbi ned organi c phases were evaporated conpl etely. The e

he bei ge colbesresibil P AECeh  nbiyBbE, phRciRn Yy TEOR AL 00,
hafj. gnded.S ﬁtlfi::pl@@’; ﬁfbefempfmﬁact_:uzewe.rEhébfla-igwec!l?g aﬁﬂ?@fﬁzl‘tcrgfb(r) ?d
sol 1 d. Yy ﬁéﬁ?fhﬁﬁtg %@dgggegitéa?%@iﬁ#%??96%ﬁ§$§? molter?

thi onyl chlori wer e added t conpound 2, with
excl usi on of PRAYPYXPRYlane vidlnoenaeraliydsfrzm Ldhekf ¥ & med% or 30

m nut es. EXCQﬁﬁiﬁﬁﬂﬂEYbrSEEQéiHﬁtmﬁilih?ﬁeﬂhsEUHpaidﬁfveiyﬂiarge
' diameter fibers when run at economically practical
production rates. Such fibers may feel stiff or coarse
when compared with other fibers, particularly natural
fibers or fibers of a smaller diameter or lower denier.
Conceptually, it is easy to visualize why it is
desirable to reduce the concentration of high molecular
weight polypropylene species within a particular
nominal or average molecular weight production batch.
When it is considered that the longer polymer chains
tend to be conformationally more bulky, coiled, or
otherwise entangled, it can be understood that it
becomes more difficult to move those particular species
within the polymer. The fact that these high molecular
weight chains are longer contributes to the-need for
higher prdcessing temperatures and the high strength of
molten polypropylene. From a kinetic standpoint, it
becomes more difficult to add sufficient energy to
these molecules to move them. Once those higher
molecular weight species become molten they generally
become more prone to entanglement due to their size.
It is the presence of this significant fraction of the
higher molecular weight species which causes numercus
problems in the high speed production'of fibers, in the
instance of melt spinning, in the case of, for example,
melt blowing or spun bonding, and ‘subsequent formation
of quality fabrics. -{&ﬁ- ) ' 1“”'.
Some of the problems which may be created or at
least exacerbated by the high molecular weight fraction
include the need for higher processing temperatures

which are necessary to reduce inherent melt stréngth
and viscosity and cause the higher molecular weight
chains to move. This will require higher energy input
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and evaporat gy ndi¢ G Kpdl et ERLERESntains high molecular
weight species, through the extruder or other
processing equipment. All of this leads not only to
higher wear on materials handling equipment, including
extruders, resulting from the higher energy input
necessary, but also likely degradation of polymer and
polymer product properties.

For fibers, commonly, non-homopolyethylene higher
polyolefins having the significant fraction of high
molecular weight species will process with some
difficulty. As mentioned, also, in copending USSK
08/066,737, from which this application derives
priority as a continuation-in-part, aside from the
general difficulties encountered in processing this
material additional problems are encountered with fiber
processing. These include difficulty in making fine
fibers at practical production rates which derives from
the difficulty in extending the molten polymer fibril.
This is associated with high melt strength of molten
polyolefins, particularly polypropylene which includes
high molecular weight species. High melt strength also
leads to difficulty in forcing the molten resin through
a small fiber-forming orifice. Within that -
restriction, the high molecular weight molecules will
cause significant drag and diminish flow. Those same
molecules will alsc cause significant die swelling of
the polymer f£ibril upon its exit from the fiber-forming
orifice due to their inherent tendency toward elastic
response with recovery of their conformational bulk.

It is this same fraction of high molecular weight
molecules which will cause the molten polypropylene to
have significantly increased melt strength over what
should be expected at the nominal molecular weight.
The net effect is that, again, the high molecular
weight fraction will require higher melt temperatures
and higher energy input into the machinery, which will
create higher wear rates caused by higher pressures
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Along with these process;ng difficulties for fiber

manufacturers, the fibers resulting from traditionally
produced polypropylene will tend to be thick, due to
the melt strength of the molten resin. Such fibers
will lead to formation of fairly coarse, boardy feeling
fabrics which will not be stretchy or forgiving at
points of flexion if worn as a garment. This
coarseness and lack of “give" in such poly-alpha-olefin
fabrics limit their use in garments and other
applications where a pleasant feel or "hand" is
desirable.

It is the stiffness of fibers and boardiness of
their resuiting fabrics produced from the traditionally
catalyzed polyolefins, particularly pblypropylene,
which has led to some complicated post-formation
processes. For example, Kobayoshi et al., describe, in
US 5,078,935 a mechanical creping step which puts
crimps in the fibers and fabric after fabric formation
to effectively make the fabric somewhat stretchy and
less restrictive when used as a garment.

Significant advances were made in the 1970's in
the field of post-reactor treatment of polypropylene to

enhance processability. Most of these post-formation
or post-reactor processes involve some sort of
molecular chain scission of the polymer molecules.

Such scission or molecular cleaving is normally
accomplished through the treatment of polyolefins,
particularly, polypropylene, with heat and oxygen, or a
source of free radicals such as organic peroxides. For.
background purposes, some of these techniques are
described in US Patents 3,608,001; 3,563,972;

3,862,265; and 3,898,209.
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described, the isotactic polypropylene which is used by
Timmons is of low crystallinity, or low isotacticity.
Further, Timmons describes use of Exxon Polymer Grades
3125 and 3214 for their formation of fabrics. It is
clearlf stated that the 3214 grade has been peroxide
treated to reduce the melt viscosity by molecular
scission. While it is not stated, the fact that the
3125 grade is a peroxide treated grade of polypropylene
must be recognized. Post-reactor viscosity reduced
polypropylene was used for half of the fabric
laminates. The other half used an ethylene copolymer,
not a poly-alpha-olefin.

Such post-reactor processing has the potential to
cause molecular cleaving or general degradation of all
polymer molecule chains within the polymer, thereby
dramatically reducing the nominal molecular weight and
the molecular weight distribution of the polymer. 1In
light of the fact that the larger polyolefin molecules
have more potential sites for oxidative degradation or
scission, the fraction of high molecular weight species
will be significantly reduced upon the exposure of the
polymer resin to such post-reactor treatment.

The post-reactor treatment involving oxidative
scission, as discussed earlier, has served a useful
purpose for fiber makers. Such scission offers similar
benefits to producers of fibers and fibrous products
including those made by melt-spinning, melt blowing or
spunbonding processes as it would for most other end-
use product producers. These include reduced overall
viscosity, shifted molecular weight distribution,
reduced nominal molecular weight, and significantly
reduced fractions of high molecular weight species.

Coupled with the benefits which are derived from
the post-reactor oxidative scission treatment of
polypropylene, however, are some significant drawbacks.
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increases the fraction of low molecular weight species

in the polymer. The presence of these low molecular

weight species causes various difficulties for the

fiber manufacturer. Since the lower molecular weight

species tend to be more mobile they also tend to become

airborne or volatile during melt processing.

This volatility causes difficulty such as an
apparent smoking from the material at high temperature
when it is not contained, as when it exits a spinning
die. Coupled with that volatility, there may be
unpleasant vapor and odors which may raise concerns for
pecple involved in the processing and production of
fibers. That same volatility of the low molecular
weight fraction will tend to lead to a blooming or
surface imperfection on the finished fibers after they
are drawn due to the pitting and cracking which may‘be
caused as the low molecular weight species volatilize.
An additional maintenance headache is created by the
recondensation of these low molecular weight species
within ventilation equipment when they come back down
to the melting point after ha%ing beeﬁ volatilized from
the melt as it exits the forming device or die.

Within fiber production itself, other problems can
occur due to the increased fraction of low molecular
weight species. This includes significant die drooling
or drip which is attributable to separation of low
molecular weight species at the die outlet. Reduced
viscosity is caused by the low molecular weight
species. Along with drooling, there is also a tendency
for the low molecular weight species to collect at the
exit of an orifice or a die. During high speed
processing this collected scale may break off from the
die or spinnerette face becoming included at the
surface of the fiber which is being formed. This
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polyolefins, the end-use producer accepts the
detriments caused by the presence of increased low
molecular weight fractions when the polymer producer
provides product which has been treated by the post-
reactor oxidative scission process. In addition to
creating some other handling difficulties for the
producer of fibers or fibrous products, the polyolefin
producer must add another fairly expensive step to the
production process. This not only increases costs but
also complicates the process of polyole:in resin
production for the polymer producer.

In light of the complications caused for both the
polymer producer and the end user of the polyolefin it
would be useful and valuable to produce isotactic
polyolefins as reactor-grade materials having a narrow
molecular weight distribution yet still having the
nominal molecular weight of the post-reactor
oxidatively degraded products. Aside from removing an
expensive and process-complicating step from the
polymer production process, this would lead to numerous
benefits for the end user, particularly the polyolefin
fiber producer.

Of particular value to the fiber producer would be
reduction or elimination of the smoking and odor

problems, ventilation fouling, and surface blooming on
finished fibers. Additionally, a polyolefin product
having 1) a centered narrow molecular weight
distribution, centered around the nominal molecular
weight, coupled with 2) the handling characteristics of
the oxidatively degraded polyolefins would reduce such
processing problems including drooling and slubbing
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which would thereby enhance not only the productivity
of the fiber producer's equipment but also product
quality.

Coupled with the previously mentioned benefits,
the fiber manufacturer would have an opportunity to
lower the melt strength of the polymer even further
than possible with oxidative degradation, thereby
allowing reduced diameter fibers to be produced with
less die swelling than otherwise might be experienced
with polypropylene containing a significant fraction of
molecules having higher molecular weight than the
nominal molecular weight. Such a polymer product would
yield benefits to both the polymer producer by
eliminating the need for an expensive and complicated
post-reactor process step and the fiber manufacturer by
offering the potential for higher rates of production
of finer fibers. :

Kloos teaches, in "Dependence of Structure and
Property of Melt Spun Polypropylene Fibers on Molecular
Weight Distribution" published, at pages 6/1-10, by The
Plastics and Rubber Institute's Egg:;h_lntgznatignal
Conference on Polypro ene bres and Textiles, a
conference occuring in September 1987, that spinning of
polypropylene improves with degradation of the polymer
by peroxide. These findings were significant and led
to the determination of a value, to which fiber and
spinning characteristics were correlated, termed the
"Degradation Ratio".

Branchesi and Balbi teach, in "Mechanical and
Structural Properties of As-Spun Polypropylene
Filaments in Relation to Resin Rheology" published, at
pages 27/1-9, by the Plastics and Rubber Institute's
International Conference, which occurred in November
1989, that degraded or "controlled rheology" polymers
find use in high spinning speed operations.

Amos and Goldin reported, in "Creating Higher
Performance Fibers With a Novel Additive Concentrate"
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to the polyolefin resin from which fibers are to be

made. This apparently provides a low molecular

fraction which appears to not only improve the fiber

making process but also appears to provide fiber webs

of greater filtration efficiency than typically

peroxide treated resins.

Canich in US 5,026,798 teaches that resins
produced by a monocyclopentadienyl-hereatom transition
metal complex catalyst system can be used to make a
variety of products including films and fibers. The
polymers so produced apparently fall within the broad
MWD range of somewhere between about 1.5 to about 15,
as may be noted at Column 9, Line 53. cCanich,
unfortunately offers no guidance as to where, in this
particular broad range of molecular weight
distribution, the fibers which are so glibby mentioned
may be produced economically. Further, Canich offers
no direction as to the treatment of the resin for
producing satisfactory fibers. Therefore, the off-hand
remark regarding usefulness of that material for fiber
formation is of little value in the enablement of fiber
production.

OF INVENTION
It is intended that the term "reactor grade"
refers to polyolefin resin whose molecular weight
distribution (MWD), or polydispersity, has not been
substantially altered after polymerization. It is
intended that this term particularly includes
polyolefin which, after polymerization: 1) has not been
treated, or subjected to treatment, to substantially
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reduce viscosity or substantially reduce average
molecular weight, or 2) has been treated, or subjected
to tréatment, to reduce viscosity or average molecular

. weight, but whose MWD has not been substantially

. changed. Such reactor-grade polyolefins are
particularly useful for fiber, particularly cross-
section or diameter fiber, formation when they are
produced by single-site, especially metallocene~type,
catalysis. As a point of classification, of the
polyolefinic polymers useful in the practice of this
invention, certainly the untreated resins are
preferred. Those which have been treated, but whose
MWD has not been substantially altered, are quite
functional but are somewhat less preferred.

Reactor-grade non—ethylene polyolefin has been
produced having a narrow molecular weight distribution
centered closely around the nominal molecular weight of
the polymer. .

It has been discovered that novel fibers
demonstrating superior characteristics to other reactor
grade polypropylene material can be made from this
polymer. Preferably, the polyolefin of choice will be
isotactic and, more preferably, will be derived from
monomers having in the range of three to ten carbons,
most preferably three; polypropylene. It has been
further discovered that these novel fibers can be
incorporated into fabrics demonstrating exceptional
characteristics. Particularly, it has been discovered
that small diameter, high strength fibers, useful for
incorporation into fabrics, may be made from such
reactor-grade polyolefin. Since these small diameter '
fibers bend more easily than tfﬁical large diameter
fibers, they produce yarns and fabrics which are
pleasant and soft to the touch. Such yarns and fabrics
will display the unique added benefits of having higher
than expected strength.
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polyolefins. These fibers, and fabrics of them, can be
produced in volume at high speeds without some of the
processing and handling problems which are inherent in
traditional reactor-grade polyolefins as well as the
post-reactor oxidatively degraded polyolefins.

The fibers comprise reactor grade isotactic
polypropylene wherein the polypropylene is produced by
single-site catalysts, particularly by metallocene-type
(MCN) catalysts including Group 15 or 16 element ligand
or mono-, bis-, and tris- substituted or unsubstituted
cyclopentadienyl ring transition metal compounds, any
of which may be bridged or unbridged, coupled, as
necessary, with an appropriate activator, cocatalyst,
scavenger, or combinations thereof and has a melt flow
rate (MFR) in the range of greater than zerc to about
5,000, and molecular weight distribution in the range
of about one to about 3.5. MFR is a characteristic
well known in the art and is defined by ASTM D1238(1l)
and reported as grams/10 minutes or dg/min, at 230°C.
The preferred molecular weight distribution, coupled
with the well-tailored nominal or average molecular
weight, allows these fibers to be produced without the
difficulties of traditional reactor-grade or post-
reactor oxidatively degraded materials which would have
either a significant high molecular weight fraction or
significant low molecular weight fraction of molecules
respectively.

Benefit may be obtained, for the fiber producer,
if the average molecular weight of the polyolefin is
reduced. This may be accomplished by the oxidative
degradation, or treatment of the polyolefin to
accomplish molecular scission. This may be realized,

THIS SHEET HAS BEEN
REPLACED
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along with the added benefit of shifting the MWD of the
conventionally catalyzed polyolefin, by subjecting the
polyolefin to post-reactor treatment with an oxidizing
agent, such as for example organic or inorganic
peroxides, which will cleave many of the molecules
comprising the polyolefin resin. Higher polyolefins,
including polypropylene which are produced by single-
site metallocene-type catalysts may be subjected to a
post-reactor treatment which will oxidatively sever
many of the molecules yet leave the molecular weight
distribution (MWD) substantially unchanged. Fibers and
fabrics of those fibers which are produced from
polyoléfins treated in this manner, without
substantially altering the MWD, are within the scope of
this invention. Exemplification of such post-reactor
treatment of a single-site catalyzed'polyolefin resin
is presented later. This feature of single-site
catalyzed polyolefins, which allows lowering the
average molecular weight without substantial
modification of the MWD, makes these polyolefins and,
of course, fibers, fabrics and garments made from them,

very suitable for recycle use.

These novel fibers may be formed by any method in
which fiber is formed from molten polymer including
melt-spinning, spunbonding processes, and melt blowing;
or by non-traditional methods including centrifugal
spinning, sheet slitting, and film fibrillation.

Overall, use of these various single-site
metallocene-type catalysts, whether supported or
unsupported, will yield reactor grade polyolefin resin
which is useful for forming fibers and, subsequently,
fabrics. ‘Such fibers may be produced by traditional
melt spinning which will yield finer fibers which are
individually stronger and, therefore, are able to be
spun at significantly higher rates of production.
Fibers may be produced and immediately incorporated
into fabrics such as nonwoven fabrics including
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conput er a traditionally catalyzed reactor-grade polyolefin,
particularly in light of the fact that there are more
and smaller fibers at each bond point within the
fabric. Of course, fibers made by blending different
polymers with the specifically detailed reactor-grade
polyolefins, as well as fibers made with various
additives including pigments, anti-static agents, or
other modifiers are deemed tc be included within the
scope of this invention. Additionally it is clear that
fibers produced from the reactor-grade polyolefins
mixed with other materials including, traditionally
catalyzed polymers, natural fibers or other polymers as
well as resins produced by mixed catalysts in which one
catalyst is generally considered, under most
conditions, to be single-site, also fall within the
scope of our invention. The fiber producer will also
gain benefit through the improved processability of
these polymers as described earlier.

When applied to a melt blown nonwoven fabric
processes, again, the fabric maker will benefit from
better processing of this resin and will be able to
produce smaller and stronger fibers. This will yield
stronger and softer fabric but, in specialized
applications, will also yield better filtration
capabilities in light of the small fiber size and
higher number of regular, uniformly distributed fibers
per basis weight. High numbers of fibers yield smaller
inter-fiber spaces allowing greater retention of
particularly small particles.

Additional benefits include the ability to make
stronger, more flexible, softer fibers and fabrics,
including textiles of all kinds such as knitted, woven,
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used for gripping the sanples. A sanple with 2.5 cm (1 inch auge and 0 1
gram prel oad was pulled at 500 mm min_tp, break. Break sensiliyit3/7 W3V

drop in force. Fi bers were nelt spun froma 40, 51, an 8 MFR.

pol ypropyl ene. These are materials which were produced by pfleviously

descri bed netallocene type catalysis. Fibers spun froma trdditionally

catal yzed po | ene h.was subjected to controlled rheol
t r eat ment (p EPBF“MQP§§PF§e d& é& cteristics will alfow
- 27 - fiber and fabric xncorporation in various membranes

including those useful for filtration or osmotic
exchange such as blood filtration or barrier layers,
gas exchange media; single, limited-use, or full-use
apparel including daily wear or athletic under and
outer wear, items useful for medical or surgical
applications such as gowns, caps, face masks, foot or
shoe covers or booties, wraps, drapes, shirts, and
pants. These small, soft fibers and their fabrics will
be useful where low blood strike-through, or improved
bacterial and viral filtration efficiency is
beneficial.

The soft character of textiles and fabrics made
with tﬁese fibers also makes them useful for personal
sanitary products including diaper and incontinence
protection cover stock and inner liners as well as
feminine care products and reusable or disposable
wipes. The small diameter of the fibers and ability to
fluff them.makes them useful for items such as
blankets, surgical, medical, personal pads or puffs,
webs, batting, or high loft fabrics. The soft and
tough character of the fibers and fabrics make them
useful as covers for valuable or cherished items
including furniture, automobiles, and glassware, as
well as delivery means for various treatments such as
fabric softener sheets, lotion or perfume bearing
sheets, pest-repellent, or dust attractor carrying
sheets.

The toughness, strength and small diameter, which
yields high surface area, of these new fibers and
fabrics also makes them useful in other absorbent
applications such as 0il or chemical recovery or
containment, particularly for spills. Toughness also
contributes to their usefulness in other industrial
applications including bale ﬁrap of various kinds such
as cotton or rubbe: wrap, housewrap as well as for



havi ng 33 MFR (Exxon Chemi cal Conpany, PP-3445) and a 35 NFRHEPBR@EMWBHE’ET
cat al yzed pol ypropyl ene (Exxon Chem cal Conpany PP3345) whilch—was—rot

subj ected to post-reactor oxidative treatnent will serve fqr cggegnison.
The following results were obtained fromtghacity and el ondatji thﬁvrﬁﬁéof
those fibers which were spun with take-up rates of 1000, 130 2000, 2500
and 3300 /mn. The results of these tests are presented belfow in Table I.

Tabl e | Conparison of Tenacity Values of Fibers Prepared"e

Flow rate (VR RS HEFEHLES BUGRY 8 GepYei ited dHpewy capldcn Th

Ziegl er-Natt a (thingsuas faadl bedspndngokdsstpiilizatdanon Degraded

Pol ypropyl ene, both yif8r3gsdFfy applications include thermal
insulation barriers and various filters including
cigarette filters and air handling systems such as
heating ventilation and air conditioning systems, as
well as water purification filters, air filter face
masks. Other useful application include separating
water from hydrocarbon, HEPA application, and
filtration for automotive air. Other useful membrane
applications include battery separators, utility tarps
and covers and various tenting applications.

Fabrics for many of the applications may be in
single or multi-layer, conformed or laminated forms
including spunbonded-melt blown-spunbonded multilayers,
other fiber/fiber composites, and film/fiber laminates.
The multi-layer or composite fabrics may be bonded in
any of numerous ways or combinations of methods
including entanglement such as needlepunch and
hydroentanglement, by thermal or ultrasonic ﬁeans, with
adhesives, application of adhesive films or layers,
solvent tackifying, and by application of radiation
including electron beam, microwave, and other
electromagnetic means such as use of radio frequency
(RF) energy.

s OF WING

Figure 1 is a graphic display of tenacity and
elongation plotted against take-up rate comparing
fibers made from commercially available polymer.

DETAILED DESCRIPTION OF'EHE INVENTION

Following are descriptions of preferred
embodiments and examples which demonstrate and
illustrate the invention in concrete terms. It is to
be understood, however, that such descriptions and
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limitations of the scope of thzs invention.

For the purposes of describing this invention in
this specification and included claims, the terms
"single-site catalyst" and "single-site catalysis" will
be understood to include true single-site catalysts as
well as conditions of catalysis which use single-site
catalysts. Under some circumstances or conditions of
.polymerization, it is possible that some apparently
single-site catalysts may behave in a fashion which
indicates that they are other than single-sited. Such
catalysts and catalysis are intended to be included in
this terminology. Such single-site catalysts may
include, for example, metallocenes and metallocene-type
compounds (MCN) or ionic species combined with
cocatalyst or activating ions, mixed metallocenes or
metallocene-type materials, and mixtures, combinations,
or individual selections from these.

This invention includes fiber comprising reactor-
grade polyolefin which has been produced by single-site
catalysis.

This invention also includes fiber and fabrics
comprising reactor grade isotactic polyolefin wherein
the polyolefin is produced by single-site catalysis and
has a melt flow rate in the range of >0 to about 5,000
and molecular weight distribution in the range of about
1.0 to about 3.5.

Generally the preferred upper ranges of MFR
dependent upon means of formation will be about 3,000,
about 250, or about 150. The preferred lower ranges of
MFR will generally be about 5, about 50, or about 100.

As a general practice: melt spinning MFR
preferred rahges will be about 5 to about 150;
spunbonding MFR preferred ranges will be about 5 to
about 250; and melt blown MFR preferred ranges will be
about 50 to about 3,000. Generally the pregressively
preferred upper ranges for polymer MWD will be about

THIS SHEET HAS BEEN \
REPLACED

A>3




substantially out-perfoerimed the fibers nmade using the contro R QhLa
agai nst_which_t e ested regarding tenacity. For fiberfje ngg'r‘}”"oi\i‘llr, SHEET

i s appa cgt _Hf lac of the single-site catalyzed materi per f or med
differen I u of the U - 287 NOV 1994
traditio pol ypr opyl ene febfn” It is apparent tlhgt the test

fibers, after nelt spinning, will retain | ess elongation but] form generatt
stronger fibers, at a given take-up rate which relates to filmal f]ber

dianeter, than will the control fibers made from
3.5, about 3.2, about 3, about 2.5, or about 2.2. The

increasingly preferred polymer MWD lower ranges will be -
about 1.0, about 1.6, about 1.7 about 1.8, or about
2.0.

These fibers can be used to form fabrics
comprising the fibers by traditional weaving, and
knitting, as well as through nonwoven formation such as
spunbonding and melt blowing processes. Fabrics made
from these novel fibers, particularly when the fibers
are of a comparatively small diameter, display better
hand and will be more drapeable than fabrics produced
of similar fibers having been made from traditionally
catalyzed reactor-grade polyolefins. This is
particularly the case since the fibers of this
invention can be melt drawn to a finer diameter than
traditionally catalyzed reactor-grade polypropylene.

While not wishing to be bound by theory, we
believe that, because of the consistency of the length
of the polymer chains (narrow molecular weight
distribution) and the consistent tacticity distribution
of the single-site catalyzed polymers, the fibers of
our invention will generally be stronger, or have
higher tenacity than conventional polymer when drawn to
fine diameter in spite of the fact that they are drawn
to a finer diameter. This means that extra strength of
the fabric is gained while softness is enhanced by
diminishing the fiber diameter; thereby allowing
greater flexibility of the fiber, and a resulting
fabric which displays enhanced drapeability and
softness. Generally finer fibers, and their production
processes, will benefit from the practice of this
invention. Progressively prepared fiber diameters are
about 400 um, about 200 um, about 100 um, about 50 um,
about 20 um, about 10 um, about 5 um, and about 3 um.
Coarser fibers will benefit some by the practice of
this invention, but not to the extent by which finer

fibers will benefit. THIS SHEET HAS BEEN
' REPLACED
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particularly useful in filter applications where both
overall strength of the fabric and its ability to

filter smaller particles will be beneficial.

.In recent years several catalyst systems based
upon metallocgne-type chemistry have been developed.
These include Welborn, EP A 129 368 which is hereby
incorporated by reference and which describes use of

cyclopentadienyl transition metal compounds for

catalysis of olefins. Turner and Hlatky, EP A 277 003,
EP A 277 004, and US 5,153,157 which are incorporated
by reference describe discrete catalyst systems based
on metallocene-type chemistry but employing anionic
activators. Canich, US 5,057,475, incorporated by
reference, describes olefin polymerization catalysis
using modified metallocene-type catalysts wherein a

monocyclopentadienyl/hetercatonm transition metal

compound is substituted for the earlier generations of
metallocene compounds. Canich, Hlatky, and Turner

describe, in WO 92700333, also incorporated by
reference, the use of ionic activators with

monocyclopentadienyl/hetercatom transition metal

compounds for olefin polymerization.

Specific metallocene-type catalysts useful for
producing isotactic olefin polymers may be found in EP
A 485 820, EP A 485 821, EP A 485 822, and EP A 485 823
by Winter et al, and US 5,017,714 and 5,120,867 by
Welborn. These publications are included by reference

here.

Various publications describe placing catalyst
systems on a supporting medium and use of the resulting

supported catalysts. These include U.S. Patents
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optional sub$equént

4,912,075, and 4,937,301, by Chang and U.S. patents

4,808,561, 4,897,455, 5,077,255, 5,124,418, and

4,701,432, by Welborn, all of which are here included

by reference.

The following examples demonstrate the use of
supported metallocene~type catalysts, for preparation
of isotactic poly-alpha-olefin. Further information
relating to support techniques and use of the supported
catalysts may be found in U.S. 5,240,894 by Burkhardt.

While the catalysts used for the following

examples were employed in a bulk ligquid-phase

polymerization process, the concepts relating to
catalyst use presented here may be applied to other
polymerization processes including, for example, gas
phase, slurry phase and high pressure processes.

Gel Permeation Chromatography (GPC) is a liquid
chromatography technique widely used to measure the

molecular weight (MW) and molecular weight

distributions (MWD) or polydispersity of polymers.
This is a commen and well-known technique. Such
characteristics, as described here, have been measured
using the broadly practiced techniques as described

below.

Equipment and Reagents Used:
Waters model 150C chromatograph

Three (3) Shodex AT-80M (mixed bed) columns
1, 2, 4~-trichlorobenzene (HPLC grade) as solvent

Sample polymer to be tested
Operating Conditions:

Temperature: 145°C
Flow rate: 1 ml/min
Run time: - 60 min

Injection vol.: 300 microliters (ul)
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Di vi si on of Sample Prapamatixon di aneter by the final fiber dianeter
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cal cul ations faor fiber mhlcq-mas nechanicallg wound or taﬁgn-up at 1500 and
r

2000 vyi el ds 5 KissRivedeci TRES| 15 g8neratiyog g
respectivel y complefel Gn \Gbutt B0 hgimeres] t YThessolatibhs areptheanted in
Table 1, it E%S%%%gg;gﬁ1€gﬂa&égiéé£§{§% vials and placed in the

150C GPC.

Calibration

The instrument is calibrated by using narrow MWD
standards and fitting the results to a third order
calibration curve. The standards are polystyrene and
the MW shown are the polyethylene equivalent weights
obtained by using the appropriate Mark-Houwink
constants.

Data Acquisition and Evaluation

Data are acquired and all calculations performed
using Waters "Expert-Ease" software installed on a VAX
6410 computer.

EXAMPLES
CATALYST EXAMPLE
Catalyst Production (includes six step catalyst
production and method of supporting on inert media)

Ssynthesis of rac-dimethylsilanediylbis (2-methyl-4,5-
benzoindenyl)-zirconium dichloride

Diethyl methyl (2-naphthylmethyl) malonate (1)

5.15 g (224 mmol) of sodium were dissclved in 150
ml of absolute ethanol, while heating, and 37.3 ml (217
mmol) of diethyl methylmalonate were added at room
temperature. A solution of 50 g (217 mmol) of 2-
bromomethylnaphthalene (96% pure) in 270 ml of ethanol
was slowly added dropwise at 0°C, and the mixture was
heated under reflux for a further 4 to 5§ hours. It was
poured onto ice-water and extracted with ethyl acetate.




produced fromsingle-site catal yzed, reactor-grade pol yners
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reducti ons greater than 20 substantially outperforned the
fibers produced fromtraditionally catal yzed reactor-grade rgs}ns. Based on
the test evaluations for tenacity it ks2heki eved that the en céﬂ?%ﬂﬁbgggy
woul d al so be found in fibers (mde fromsingle-site catal ysy si produced

reactor grade polyolefin) produced with take- up rates of 5 n.mn. simce

application of force, or inparting of strain to reduce dia nd
e ease t enmblee ey GHbdin 4 Shede iri B susehnablygat e, “Tho
hi gher take-up_rates of 1000, 150 2000 2500, , 3000, .and 330Q_m m n woul d
be progressi?gﬂfat and evaporated. After drying_ ug@er an oil pump
vacuum, the oily residue was stirred with hexane at
0°C, whereupon 55 g (81%) of the compound 1

crystallized.

8ynthesis of 2-Methyl-3-naphthylpropionic acid (2)

A solution of 23.7 g (422 mmol) of potassium
hydroxide in 50 ml of water was added to 33.2 g (105
mmol) of the compound 1 in 70 ml of ethancl, and the
mixture was heated under reflux for 4 hours. After the
solvent had been stripped off, the solid residue was
taken up in ethyl acetate, water was added and the pH
was brought to 1 with hydrochloric acid. The aqueous
phase was extracted several times with ethyl acetate.
After drying over magnesium sulfate, the combined
organic phases were evaporated completely. The residue
was stirred with hexane for crystallization. For
decarboxylation, the beige-colored solid was heated at
175°C until the evolution of gas had ended. 21 g (94%)
of the product 2 were obtained as a beige-colored
solid.

Synthesis of 2-Methyl-6, 7-benzoindan-i-one (3)

22 ml of thionyl chloride were added to 21 g (98
mmol) of the compound 2, with exclusion of moisture,
and the mixture was heated under reflux for 30 minutes.
Excess thionyl chloride was then distilled off. The
residue was briefly freed from volatile compounds under
an oil pump vacuum and then dissolved in 25 ml of
methylene chloride, under Ar as an insert gas. The
solution was slowly added dropwise to a suspension of
26 g (196 mmol) of aluminum trichloride in 60 ml of
methylene chloride and the mixture was heated under
reflux for a further 30 minutes. It was poured onto
ice and extracted with methylene chloride. The
combined organic phases were dried with sodium sulfate
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acetate (9:3).

synthesis of 2-Methyl-4, S5-benzoindene (4) _

2.2 g (59.5 mmol) of sodium borohydride were added
in portions to a solution of 7.8 g (39.7 mmol) of the
indanone, compound 3 in 400 ml of a
tetrahydrofuran/methanol mixture (2:1) at room
temperature, and the mixture was stirred for 14 hours.
The solution was poured onto HCL-acid ice and extracted
with ether. The combined organic phases were washed
several times with water and dried with sodium sulfate.
The orange-colored oil which remained after the solvent
had been stripped off was dissolved in 240 ml of
toluene, and the solution was heated at 80°C with 570
ng (3.15 mmol) of p-toluene-sulfonic acid for 15
minutes. It was washed several times with water at
room temperature, dried with sodium sulfate and
evaporated. The residue was chromatographed on 300 g
of silica gel 60. 4.7 g (65%) of the indene 4 were
able to be eluted (colorless oil) with a mobile phase
mixture of hexane/disopropyl ether (20:1).
1H-NMR spectrum (360 MHz, CDCL3): 8.02 (1,d), 7.84
(1,m), 7.59 (1,d4), 7.52 (1,d), 7.38-7.48 (2,m), 7.06
(1,m), 3.42 (2,s), 2.25 (3,d).

S8ynthesis of Dimethylbis(2-methyl-4, 5-benzoindenyl)
silane (5)

10.2ml1 (25.5 mmol) of a 2.5 M butyllithium ,
solution in hexane were added to a solution of 4.6 g
(25.5 mmol) of the compound 4 in 50 ml of
tetrahydrofuran at room temperature, and the mixture
was heated under reflux for 1 hour. The red solution
was then added dropwise to a solution of 1.55 g (12



are extruded, laid on an endless belt, and then bonded to epc A
by a heated calendar roll. An overview of spunbonding may b
Wadsworth, L.C. and Goswam, B.C., Nonwoven Fabrics: "Spunbo
Bl own Processes", proceeding Ei ghth Annual Nonwovens WorksHo
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several times with ether. The combined organic phases
were dried with sodium sulfate and evaporated, and the
residue was dried under an oil pump vacuum. It was
chromatographed on 300g of silica gel 60. 500 mg of
unreacted starting compound 4 were initially able to be
eluted with a mobile phase mixture of hexane/3% ethyl
acetate. The ligand system, compound S, then followed
with the same mobile phase. After the solvent had been
stripped off, this ligand system was crystallized
(isomers) from hexane. The yield was 1.7 g (34%, or
44% with respect to the indene, compound 4 reacted).

Synthesis of rac - Dimethylsilanediylbis (2-methyl-4,5-
bonzo;indenyl) zirconium dichloride (6)

4.0 ml (10.2 mmol) of a 2.5 M butyllithium
solution in hexane were added to a solution of 1.7 g
(4.1 mmol) of compound 5 in 20 ml of tetrahyrofuran at
room temperature under Ar as an inert gas, and the
mixture was stirred at room tempefatqre for 14 hours.
The residue which remained after the solvent had been
stripped off was dried using an o0il pump vacuum and
washed with hexane. The pale brown powder cbtained was
dried using an oil pump vacuum at 40 to 50°C for
several hours and added to a suspension of 1.0 g (4.0
mmol) of zirconium tetrachloride in 25 ml of methylene
chloride at -78°C. After the mixture had been warmed
to room temperature, the solvent was stripped off and
the residue was extracted with 20 ml of toluene in
order to remove the meso form of the metallocene,
compound 6. The residue of the toluene extract was
then extracted with 40 ml of methylene chloride. The
solution was concentrated to a small volume and left to
crystallize at -35°C. A total of 970 mg (42%) of the



- 31 - run; one each with a nelt tenperature of 210[er
and another with a nelt tenperature of 238[err]C (460[err
tests were run in this manner to determ ne differences bqgt
fibers and fabrics fornmed at varying tenperatures. The r
tests including fiber diameter neasuren@#t s and tensile
machi ne direction of the final finished spunbonded fabri
below in Table Il. It should be recogni zed that all fabr
nom nal 40 g/nferr] basis weight.

Fi ber Mrodsrivéne, compsahid®@! €6) were isblatedeif] sevienal
St rengt h, kg/ cg:{aer

céioééngg the pure racemate.

1H-NMR spectrum of the racemate (300 MHz, CDCL3): 7.96
(2,m), 7.78 (2,m), 7.60 (2,d), 7.48-7.56 (4,m), 7.36
(2,4), 7.27 (2,s8,b-Ind-H), 2.37 (6,s,Ind-CH3), 1.36
(6,8,Si-CH3). Mass spectrum: 574 M+, correct

disintegration, correct isotope pattern.
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Supported Catalyst Preparation of rac-
Dimethylsilanediylbis (2~-methyl-4,5-benzo-indenyl)
girconium dichloride with alumoxane

‘To an eight-liter vessel equipped with a cooling
jécket and an efficient overhead stirrer was added
methylalumoxane (30 wt%, 925 ml). With stirring, a
suspension of catalyst (5.0g) in toluene (700 ml) was
added under N; through a double-ended needle. After
stirring for 10 minutes, dehydrated silica (Davison
948, dried at 800 degrees C, 200 g) was added to the
solution over 20 minutes. The slurry was stirred for
10 minutes and then, while a vacuum was applied from
the top of the vessel, a slight flow of N, was added
through the bottom. The mixture was heated to 70
degrees C as the solvent was evaporated over a 9 hour
period. The dry solid was cooled to ambient
temperature overnight. 1Isopentane (5 liters) was added
to slurry the solids and the mixture cooled to 0
degrees C. Ethylene was added to the stirred mixture
by a dip tube at a rate of 8.5 - 17 l/minute (0.03-0.06
SCF/minute) until a total of 491 liters of ethylene had
been added. Agitation was stopped and the solids '
allowed to settle. The liquid was decanted from the
solids, which were washed twice, each with 1.5 liters
of isopentane. The wet solids were-transferred to a
dry-box under N, and filtered through a #14 mesh sieve.
The fine particles were filtered off, washed with
pentane (4 liters) and dried in vacuo. Yield: 32éq.
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conpri sing s Eaboxatd: d ilmymerizaticn Dataufornduppaxted || al | ow

such nanufac%¥&§& 0 acconplish this sinply through judicious choice of
their pol yol eTi &5i°'n and wi t hout significant nodification of their
processes or equi pmsample of the catalyst of Example 1 (199 mg)

slurried in hexane (2 ml) was flushed with propylene
(iso ml) into a 2 liter autoclave, previously flushed
with nitrogén, heated to 65 degrees C and containing
triethylaluminum (0.5 ml of a 1 M solution in hexane)
and propylene (1000 ml). The reaction was run for 1
hour. The autoclave was cooled, vented and opened.
Inspection of the interior of the reactor revealed it
to be clean and free of fouling. The polymer product
was dried in vacuc. 305 g of a free flowing, granular
iPP product were recovered. M, of 273K, bulk density
of 0.43 g/cc, and an average particle size of 750
meter.

Larger Scale Production of isotactic Polyolefin using
Supported Catalyst

The polymer used in these examples was produced in
a continuous, single reactor, bulk liquid phase
polymerization process. The reactor was equipped with
an agitator, and jacket for removing the heat of _
reaction. The reactor temperature was set at 65°C, and
catalyst was fed to the reactor at a rate of 1.3 g
catalyst/hour. Propylene was fed to the reactor at a
rate of 60 kg propylene/hour. A continuous flow of
hydrogen (0.75 g hydrogen/hour) was used to control the
molecular weight of the product. Under these
conditions, the average residence time of the catalyst
in the reactor way 4.0 hours. Under these conditions
the polymer was produced at a rate of 9.1 kg
polymer/hour. The produdt had a 22 MFR (230°C/2.16
Xg) . L



Mel t Bl owmn Exanpl es Further testing was done by prepaFLnﬂ fibers using

a nelt blown process with simlar materials. Melt bl own
technology is well known in the art of non-woven f
An overview of the process may be obtained from"Mlt Blo
Bl owmn Technol ogy Today,
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FIBER AND FABRIC FORMATION EXAMPLES

Fibers were prepared as spun, flat (non-lustre or
low-lustre), partially oriented yarns (POY) by
mechanical take-up of the fiber bundle from its
extruded melt. This was accomplished on a fiberline
assembled by J. J. Jenkins, Inc. (Stallings, NC). The
line consists of a 5 cm (2 inch) Davis Standard
Extruder (with 30:1 length/diameter ratio) and 6 cc/rev
Zenith metering pump forcing molten polymer through a
spinnerette plate of 72 holes of 0.6 mm and 1.2
length/diameter ratio. A metering pump rate of 10 rpm
was employed which yields a through-put of 0.625
g/hole/minute.

Fibers were drawn from the 232°C (450°F) melt by
an axially spinning unheated godet at 1000, 1500, 2000,
2500, and 3300 m/min. The fiber bundle, expressed as
total denier/total filaments collected at each rate was
405/72, 270/72, 203/72, and 162/72 respectively. The
fiber bundles were collected for characterization as
five minute runs by Leesona winder.

The fiber bundle tenacity (g/denier) and
elongation were measured by pulling to break on an
Instron. Fiber testing was performed on an Instron
machine, Model 1122 coupled with the Instron computer
which supports the Sintech Sima (Testworks II”)
computerized system for material testing. Instron
Pneumatic Cord and Yarn Grips (Mbdél 2714) were used
for gripping the samples. A sample with 2.5 cm (1
inch) gauge and 0.1 gram preload was pulled at 500
mm/min to break. Break sensitivity was 95% drop in
force.

Fibers were melt spun from a 40, 51, and 68 MFR
polypropylene. These are materials which were produced

by previously described metallocene-type catalysis.
Fibers spun from a traditionally catalyzed
polypropylene which was subjected to controlled
rheology treatment (post-reactor oxidative degradation)



M I1ler Freeman Publications, Inc., San Francisco, Californipg~l989, pgs.
7-12. This testing was acconplished using a 51 cm (20 in.)
Products Melt Blown |line. The extruder was a 5 cm (2 in.)
with a 30:1 length:dianeter ratio. The-dae #A0zzle had 501
di amet er of each being 0.4 mm (0.015 in.). Die length wasj1%: 1#
gap was set to 0.15 mm (0.060 in.). The conparative tradi§i
was obtai ned from Exxon Cheni cal Conpany and specified by |
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tenacity and elongation testing of those fibers which
were spun with take-up rates of 1000, 1500, 2000, 2500
and 3300 m/min. The results of these tests are
presented below in Table I.

nateri a
R. Each of the

Table I

Comparison of Tenacity Values of Fibers Prepared of
Matallocene-Type Catalyzed Polypropyleme (MCN) with 40,
51, and 68 melt flow rate (MFR) and Controls,
Traditionally Produced Reactor Grade (by Ziegler-Natta
(Titanium) catalysis) and Post-Polymerization Degraded
Polypropylene, both with 35 MFR

Tenacity (g/den) :
st mples . ontro a es
Fiber Take-up MCN MCN MCN C/R Reactor(Z-N)
Rate (m/min) 40 51 68 33 35 MFR
MFR MFR MFR MFR

1000 1.94 1.74 1.53 2.03 1.28
1500 2.75 1.33
2000 3.54 1.51
2500 3.97 3.77 3.285 2.69 1.48
3300 4.38 3.61 break

As can be seen from these results and the graphic
presentation of these results, which is shown in Figure
l, it is apparent that the fibers formed of |
metallocene-type system catalyzed polyolefin polymer
substantially out-performed the fibers made using the
control material against which they were tested
regarding tenacity. For fiber elongation, it is
apparent that fibers of the single-site catalyzed
material performed differently than those of the



fromwhich the fabrics were fornmed and correspondi ng air perif Y[ 8 A
val ues of the fabrics are presented in Table I11. Ar p rﬁﬁgﬁf&%#vaéng
nmeasured according to I NDA Standard Test |ST 70.0-70(R82), sijmjlar to ASTM
D737-75 and FTM S 191 Met hod 5450- 1- 134Qsg The neasurenents re nNRAFENOEI109%
a Perneability Testing Machine which is available from Frazi ¢r {Preci sion

I nstrunent Co., 210 Qaknont Ave., Gaithersburg, MD.
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traditionally produced polypropylene resin. It is
apparent that the test fibers, after melt spinning,
will retain less elongation but form generally stronger
fibers, at a given take-up rate which relates to final
fiber diameter, than will the control fibers made from
the conventionally catalyzed non-oxidatively degraded
polypropylene. In all cases, the resins which were
used as controls for comparison were obtained from
Exxon Chemical Company and are generally available with
various MFR's. The metallocene-type catalyzed resins
were obtained as described previously.

While not wishing to be bound by theory, it is
also apparent from these results that, as greater force
is applied after the fiber is melt-formed, the tenacity
of the single-site catalyst produced polyolefin fibers
increases markedly. This is easily seen through
recognition of the fact that as the take-up rate is
increased, the fiber diameter decreases and a greater
degree of strain is imparted to the fiber. It is
apparent that the test example fibers have noticeably
higher tenacities at the higher take-up rates than do
either of the control examples. The tenacity for
fibers of traditionally catalyzed reactor-grade
polypropylene even tends to degrade as greater force is
applied and cannot be formed into fibers due to fiber
breakage during take-up. This is a significant
advantage for a fiber producer who will gain benefit
from being able to form smaller diameter, therefore
softer, fibers. Remarkably these smaller fibers will
also, counter-intuitively, have higher tenacity. This
newly discovered trait of fibers formed of reactor-
grade, metallocene-type produced polymer therefore
offers the ability to form smaller fibers requiring
less material, which are softer due to their greater
flexibility, and which are stronger, yet still may be
produced at higher rates; a tremendous set of
advantages for any fiber producer.
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understand those benefits, and standardize the
measurement of those benefits, we looked at the
imparting of strain in the final fibers. The melt-
drawn fibers were formed by extrusion or drawing
through a spinerette, or die, with holes having a
diameter of 600 um. The strongest fibers were
substantially smaller in diameter than that hole
diameter, or initial formation diameter. Division of
the initial formation diameter by the final fiber
diameter yields what we have termed as the "final draw
reduction". At take-up rates of 1,000 m/min, the final
fiber diameter was 29.3 um; the initial formation
diameter was 600 pm. Deriving the final draw reduction
(FDR) for that fiber by dividing 600 pum by 29.3 um
yields an FDR of 20.3. Similar calculations for fiber
which was wound or taken-up at 1500 and 2000 yields
FDR's of 24.7 and 28.8 respectively.

After viewing the tenacity test results as
presented in Table I, it is apparent that the fibers.
produced from single-site catalyzed, reactor-grade
polymers with final draw reductions greater than about
20 substantially outperformed the analogous fibers
produced from traditionally catalyzed reactor-grade
resins. Based on the test evaluations for tenacity it
is believed that the enhanced tenacity would also be
found in fibers (made from single-site catalysis
produced reactor grade polyolefin) produced with take-
up rates of about 500 m/min. since application of
force, or imparting of strain to reduce diameter and
increase tensile modulus can be accomplished by this
spinning rate. The higher take~up rates of 1000, 1500,
2000, 2500, 3000, and 3300 m/min would be progressively

THIS SHEET HAS BEEN
REPLACED
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accomplished through numerous means including the

application of processes for fiher making and immediate
fabric formation including melt-blowing and spunbonding
as well as the demonstrated melt-drawing.

Spunbonding Examples

Another test was run to form fibers and create a
spunbonded nonwoven fabric. This was accomplished by
use of a one meter Reicofil line which is made by
Reifenhauser Company. The extruder size was 7 cm (2.75
in.) with a 30:1 length:diameter ratio. There were
3719 die plate holes, each having a diameter of 0.4 mm
with L/D = 4/1. Table I provides general information
on the polymers which were tested, processing
conditions for each polymer tested, and test results of
the nonwoven spunbond fabric which was produced. The
spunbonding process is one which is well known in the
art of fabric production. Generally, continuous fibers
are extruded, laid on an endless belt, and then bonded
to each other, often by a heated calendar roll. An
overview of spunbonding may be obtained from Wadsworth,
L.C. and Goswami, B.C., Nonwoven Fabrics: "Spunbonded
and Melt Blown Processes", proceeding Eighth Annual
Nonwovens Workshop, July 30 - August 3, 1990, sponsored
by TANDEC, University of Tennessee, Knoxville.

Three metallocene-type catalyzed polypropyléne
resins were tested in a spunbonding process and two
control materials were also tested. The controls were
70 melt flow rate (MFR) and 35 MFR respectively. The
first two single-site catalyzed resins to be tested
were 68 MFR and 45 MFR respectively, in an effort to
use apparently similar nominal molecular weight
materials for comparative testing. The third test was
to spin fibers and form nonwoven fabric of a 22 MFR
single-site catalyzed polypropylene. Two tests were
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These tests were run in this manner to determine

differences between spunbonded fibers and fabrics
formed at varying temperatures. The results of these
tests including fiber diameter measurements and tensile
strength in the machine direction of the final finished
spunbonded fabric are presented below in Table II. It
should be recognized that all fabric tested was a
nominal 40 g/m2 basis weight.

TABLE TI
. : Fiber MD Tensile

—Sample Diameter(um) Strength.ka/cm? (psi)
Control SP 70MFR - 21.46 0.69 (9.86)

ssc 68MFR 17.83 0.73 (10.43)
Control SP 3S5MFR 24,46 0.58 (8.24)

ssc 45MFR 19.13 1.05 (14.88)

SSC  22MFR,210°C  21.86 0.66 (9.46)

SSC  22MFR,238°C 17.80 1.07 (15.22)

From this set of test data it is apparent that the
fabric produced from the smaller diameter fibers which
were made from resin produced by single-site catalysis
are consistently stronger than the control fabrics.
This is particularly evident when the fibers are formed
at about 240°C. Fabric producers will benefit by
having the ability to prepare higher strength fabrics
comprising smaller diameter fibers. Practice of our
invention will allow such manufacturers to accomplish
this simply through judicious choice of their
polyolefin resin and without significant modification
of their processes or equipment.

o mples
Further testing was done by preparing fibers using
a melt blown process with similar materials. Melt blown

i n

;F LI EN e shot



rate and air tenperature, we f ound extrusi on tenperja A9 AL
nost critical variable to offset the desired final fabric p?%p@¥F Zgﬁ &{%T

The pol yner useful in the practice of this invention (singlg-gite catal yzed
material) formed a superior fabric at 232[err]C (450[err]F),| [wh27eNGVt0es
Contr ol required a hi gher tenperature, 254[err]C (490F),§ to make it's
best fabric. As has been seen previous! B2i i the descriptionfof Thrs

i nvention, numerous benefits will accrue to the fiber and fahric producer

including: 1) |ess energy expended in production, 2) longer die life, and
3) less volatilization of |ower nol ecul ar wei ght nolecules as well as other
advant ages. tecﬂﬁd@-%npgwéimtkﬁ@@himttné attaolfi gitn-weivan Miabrion t he

oroper t| 5 | EAGHTELS; Tucouegeted A € ﬁ%hglc'%oﬁ%%tm | a”*ié %@%onﬁ o ¢
fabric propertt®s "sPt SBDouhi BRotéssi rpMe 2 ]
the fabric prctiier Fredran, mﬁ"%ﬁ%af §§é f#—%é”L?éLSi ed’
with water @akiforpiagchl989, pgShuz+i2it Thgs testlng was
accomplished using a 51 cm (20 in.) Accurate Products
Melt Blown line. The extruder was a 5 cm (2 in.) Davis
Standard with a 30:1 length:diameter ratio. The die
nozzle had 501 die holes. The diameter of each being
0.4 mm. (0.015 in.). Die length was 15:1 and the air
gap was set to 0.15 mm. (0.060 in.). The comparative
traditional material was obtained from Exxon Chemical
Company and specified by MFR. Each of the other tested
resins were single-site catalyst produced polyolefin as
earlier described.

Melt Blown Example I

Two samples of poly-alpha-olefin, specifically
polypropylene polymerized with metallocene-type
catalyst, were formed into melt blown fabrics as was
one control of peroxide treated, conventional, titanium
chloride catalyzed polypropylene (3545G, 400MFR with
750 ppm peroxide; obtained from Exxon Chemical
Company). The polymer properties of the polypropylene
from which the fabrics were formed and corresponding
air permeability values of the fabrics are presented in
Table III.

Air permeability was measured according to INDA
Standard Test IST 70.0-70(R82), similar to ASTM D737-75
and FTM'S 191 Method 5450-1-1970. The measurements
were made using a Permeability Testing Machine which is
available from Frazier Precision Instrument Co., 210
Oakmont Ave., Gaithersburg, M.D.
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TABLE III

Polymer Properties and Air Permeability Values of Melt
Blown Fabrics (1)

Sampie Polymer Type (2) | MFR Wt Av. | Peroxide Air Permeability
dg/min | Mol Wt. | Level ppm
(for oxidative
degradation) | (m3/min/m?) (R3/min/ft2)
Control Conventional 995 70.300 750 - 35.66 117
Sampie I | Metallocene 1076 66.400 0 17.99 59
Samoiec I | Metallocene 1470 61,400 0 15.86 52

(1) All fabrics were 34 g/m2 (1 oz/yd2)basis weight
(2) Based on catalyst type ~ either conventional or
Metallocene based catalyst

As can readily be ascertained, the fabric of
Sample I has an air permeability value of
17.99 m3/min/m2 comparing favorably with the relatively
open structure of the Control fabric having a value of
35.66 m3/min/m2. Although the MFR of Sample I is
slightly higher, and correspondingly, its molecular
weight is slightly lower than the Control polymer, the
difference is too little to explain the large
difference in air permeability.

Sample II has significantly higher MFR and lower
molecular weight than Sample I and the Control. The
fabric of Sample II has an air permeability value of
15.86 m3/min/m2, only slightly less than Sample I,
certainly far below the value of the Control fabric.
The improvements in air permeability of both materials
of the Invention should correlate well with improved
filtration efficiency and barrier properties. This
indicates that more and smaller particles will be
retained on filters produced by single-site catalysis
(ssc).

Malt Blown Example IIX
Three different meltblown fabrics were made using
two samples of polypropylene, one polymerized with
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Qualitative Properties of Fabrics Prepared from Per oxi dp RERAAGEMENT SHEET

Pol ypr opyl ene Control Melt Bl own - and Single-Site Catal yzed Pol ymer-
Fabri c Hand Cover age Shot Contr ol [

Medi um Hi gh Wi t hout Waterqq Control with Jofjt

Very Low Wat er I nvention  Very Soft Excel | ent

Wat er In interpreting the qualitative results of thi sLexperiment, for

which it was intended to produce the best possible fabric from the best —
o e ot g e 0! Baka19INe YD WS YELT WA %o Blchaysd M 1O
contrecl which was peroxide treated (750 ppm)
conventionally catalyzed (using titanium chloride)
polypropylene (400 MFR) (3545G, 400 with 750 ppm
peroxide from Exxon Chemical Company). Melt blowing
processing conditions for each polymer were optimized
to prepare webs or mats having: 1) the highest
coverage, 2) highest apparent air permeability, 3)
lowest shot, and 4) the softest hand possible. "Shot"
is generally described as "lint and polymer droplets"
in the final fabric. The presence of shot is a defect

in the fabric and its occurrence is undesirable as

fabric with excessive shot is unusable.

Of the key processing variables, including air
rate and air temperature, we found extrusion
temperature to be the most critical variable to offset
the desired final fabric properties. The polymer
useful in the practice of this invention (single-site
catalyzed material) formed a superior fabric at 232°C
(450°F), while the Control required a  higher
temperature, 254°C (490°F), to make it's best fabric.
As has been seen previously in the description of this
invention, numerocus benefits will accrue to the fiber
and fabric producer including: '1) less energy expended
in production, 2) 1longer die 1life, and 3) 1less
volatilization of lower molecular weight molecules as
well as other advantages.

It is known that application of a light water mist
on the molten polymer stream between the die and the
collector will improve fabric properties including shot
(Us 3,959,42). The conventional PP control fabric
properties were significantly improved by water mist
application, as shown in Table IV, yet as 1is also
shown, they remain generally inferior to the fabric
produced from single-site catalyzed polymer which was
prepared with water mist quench. Thus, it is
demonstrated, again, that practice of this invention
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will vyield improved fibers and fabrics while
simplifying the producer's process thereby reducing
costs.

Table IV.
Qualitative Properties of Fabrics Prepared from

Peroxide Coated Polypropylene Control Melt Blown
and S8ingle-site Catalyzed Polymer.

Fabric Hand Coverage Shot
Control Medium © Medium High
without '
Water
Control with Soft Good Very lLow
Water
Invention Very Soft Excellent Low
with Water.

In interpreting the qualitative results of this
experiment, for which it was intended to produce the
best possible fabric from the best available polyolefin
to test against the inventive fabric, it is useful to
understand the following:

Hand is a measure of fabric softness. In
this test, subjective comparison of "“hand"
was determined by a technician utilizing
ungloved touch.

Coverage is estimated by holding the fabric
before a backlighted glass and grading the
. fabric web uniformity and light transmitance.



Shot was determ ned by estimating the anount of shot
of the fabric held before a backlighted gl ass.
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Table V presents more quantified data relating to

the use of meltblown fabrics in

filtration

applications. Commercially produced PD3545G, available
from Exxon Chemical Company, is granular polypropylene
with peroxide coating. Its MFR is in the range of
about 1100; this material is used, in Table V as a
control for comparison against a popular oxidatively
degraded polyene specifically produced for fiber,
particularly high-speed, production. The test polymers

were made by single-site catalysis as
described.

previously

Table V shows three comparisons. MBl and MB2
demonstrate the fabric test results for fabric produced
at commercial rates, 0.8 g/hole/min; MFR for the

control and test fabric are well matched
1100.

at around

MB3 and MB4 use the same polymers with matched
MFR: the difference between this test and the previous
"test is that both polymers were run in this test at
optimal, for fabric qualities, rates rather than
matching production rates. The intent with this was to

make the best possible control fabric to
inventive fabric against.

test the

The third series presented in Table V uses
optional production rates and varies the MFR of the

polymer being used to make the test fabric.

e}d at around
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Table V
061~ | Resin/Mfr | GHM | Temp, Air Perm., Filt. Comments
op n3/min/m? Efficiency
(ttslmin/t'tz) s (1)
MB1 | ssc 1110 | 0.8 4s0 20.12 34.5 Matched
- (66) MFR at
Commercial
Thru-put
MB2 Control 0.8} 450 35.96 20.4
1100 (118)
¥B3 | ssc 1100 | 0.4 | 4s0 15.54 52.2 Matched
{51) MFR at
optimum
thru-put
MB4 Control |0.4| 450 24.08 22.6
1100 (79)
MBS | Ssc 1100 | 0.4 | 400 32 21.1 Differing
' (105) MFR
MB6 | Ssc 1250 | 0.4 400 28.34 28.5
(93)
MB7 Control 0.4 400. 55.17 10.1
1100 (181)
GHM = grams/hole/min
(1) Finely ground NaCl:; number average = 0.1 um; weight

average = 0.5 um

As can be seen from these three tests, the
inventive fabric outperforms the control in each series
match. It is also interesting to note that the
inventive fabric produced at the commercial rate (MB1)
also outperforms the control made at optimal rate (MB4)
by demonstrating lower air permeability and higher
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filtration efficiency (amount of material retained on
filter).

A particularly interesting result is noted in the
third series (MBS, MB6, and MB7) in which the polymers
with different MFR are used to make the inventive
fabric. As can be seen, benefit is obtained by a
higher MFR. This is particularly meaningful when it is
recognized that the 1250 MFR of MB6 could only be
obtained by additional peroxide degradation of the
commercial, traditionally catalyzed, polymer. This
means that additional short-chain, low weight polymer
molecules would be present. This would lead to more
drooling, smoking, and low-end tail volatilization. It
is readily apparent that the inventive fabric; which is
softer, has more uniform fibers with more uniform
distribution, and has better filter properties; is
preferable to the traditional fabric which, in addition
to its less effective filtration properties, would
include undesirable processing disadvantages to make.

A further qualitative test of air permeability and
contaminant retention was made by a volunteer willing
to expose himself to toxic materials (a patent attormey
whose fegistration number will not be provided) by

- smoking cigarettes through pieces of fabric held at the
end of each cigarette. The volunteer noted, in this
double blind test, that he was unable to "pull" on the
cigarette after three puffs using the inventive fabric
while entire cigarettes could be smoked through single
pieces of the control (with water-mist quench) fabric.
This result was consistent over multiple tests and is
consistent with the measured results. This seemingly
casual test vividly demonstrates the effectiveness of
the inventive fabric for particulate retention and
illustrates its practical value.

Alteration of MFR Without Substantial Change of MWD
As noted earlier, polymer produced by single-site
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tests, the

catalysis can be subjected to degradation, particularly
oxidative rheology control or adjustment, to reduce
average molecular weight. This means that some post-
reactor treatment may be applied to reduce nelt
viscosity and increase meit-flow without substantially
altering polyolefin molecular weight distribution, or
dispersity. The test examples presented in Table IV
demonstrates this feature which will not be available
with polymers produced by traditional catalysis. PD
37026 is a polyolefin obtained from Exxon Chemical
Company. The SSC polyolefin was produced in a manner
similar to those previously described and is
representative of SSC-produced polyolefins of its .type.

Table VI
Resin Peroxide, % MFR, M Weight MWD
dg/min Avg. (Mw/Mn)
PD3702G None 6.3 319,827 6.17
PD3702G 0.05 32.3 139,282 3.56
. PD3702G 0.10 79.0 121,326 2.86
§SsC None 5.5 209,358 1.81
Polyolefin |
8SC 0.05 22.8 158,338 1.76
Polyolefin '
SsC 0.10 55.2 126,599 1.74
Polgolefin
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CLAIMS:

1. Fiber comprising reactor-grade polyoclefin
which has been produced by single-site catalysis.

2. Fiber comprising reactor-grade poly-alpha-
olefin wherein poly-alpha-olefin has a melt flow rate
in the range of greater than zero to 5,000 dg/min, MWD

in the range of 1 to 3.

3. Fiber of claim 1 or 2 wherein polymer has MWD
in the range of 1.6 to 3.
4. Fiber of any previous claim wherein polymer

has MWD in the range of 1.7 to 2.8.

5. Fiber of any previous claim wherein polymer

has MWD in the range of 1.8 to 2.5.

6. Fiber of any previous claim wherein polymer

has MWD in the range of 1.8 to 2.2.

7. Fiber of any previous claim wherein polymer
has a melt flow rate in the range of 5 to 3,000.

8. Fiber of any previous claim produced by

forming the fiber from molten polypropylene.

9. Fiber of any previous claim formed by

passing

molten polypropylene through at least one forming

device having at least one fiber-forming opening and
being concurrently or subsequently solidified.

10. Fiber of any previous claim formed in a melt

spinning process.
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g polypropylene has an MFR in the range of 5 to 150.

13. Fiber of any previous claim formed by
movement of fluid other than molten polymer.

14. Fiber of any previous claim formed in a
spunbonding process.

15. Fiber of any previous claim wherein the
polypropylene has an MFR in the range of 5 to 250.

16. Fiber of any previous claim formed in a melt
blown process. '

17. Fiber of any previous claim wherein the
polypropylene has an MFR in the range of 50 to 3000.

18. Fiber of any previous claim having a diameter
in the range of one to less than 50 umn.

18. Fiber of any previous claim having a diameter
in the range of greater than 3 to less than 20 um.

20. Fabric comprising fiber which comprises
reactor grade isotactic polypropylene wherein the
polypropylene is produced by single-site catalysis and
has a melt flow rate in the range of greater than zero
to 5,000, MWD in the range of 1 to 3.5.

21. Fabric of claim 20 wherein polymer has MWD in
the range of 1.7 to 3.
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22. Fabric of any claim 20 - 21 wherein polymer
has a melt flow rate in the range of 5 to 2,000.

14

d

23. Fabric of any claim 20 - 22 comprising fiber
formed from molten polypropylene.

24. Fabric of any claim 20 - 23 which is produced
by a spunbonding or melt blown process.

25. Fiber comprising isotactic poly-alpha-olefin
wherein poly-alpha-olefin:
1) a) is produced by single-site catalysis;
'b) is substantially free from post-reactor:;
i) treatment to accomplish molecular
scission; or
ii) treatment to reduce poly-alpha=-olefin
~Viscosity:;
c) has melt flow rate in the range of greater

than zero to 5,000 dg/min; and
d) has MWD in the range of 1 to 3.5; or

2) a) is produced by single-site catalysis
b) has been subjected to post-reactor treatment
to ' '
i) accomplish molecular scission; or

ii) reduce viscosity:;

c) has melt flow rate in the range of greater
than zero to 5,000 dg/min;

d) has MWD in the range of 1 to 3.5 which has
not been substantially altered by post-
reactor treatment.

26. The process of producing fiber of isotactic
poly-alpha-olefin resin having melt flow rate in the
range of greater than 0 to 5,000 dg/min and MWD in the
range of 1 to 3 and, optionally, non woven fabric, from
that resin comprising the steps of:

THIS SHEET HAS BEEN
- REPLACED
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forming isotactic poly-alpha-olefin;

b) forming isotactic poly-alpha-olefin;

c) recovering the desired isotactic poly=-alpha-

olefin;

d) transferring the poly-alpha-olefin to a means

from which molten poly-alpha-olefin may be

produced;

e) forming fiber from the molten poly-alpha-

olefin;

£) concurrently or subsequently solidifying

fiber; and

g) collecting resulting fiber or, optionally, -

further processing fiber to form fabric.

27. Fabric of any of claim 20 - 24 comprising

fiber or fabric produced by one or more methods and

formed as a composite or laminate.

28. Fabric of claim 27 which is a laminate or
composite comprising spunbonded and melt blown fabric.

29. Fabric of Claim 28 which is a laminate or

composite comprising spunbonded and melt blown fabric.

30. Fiber of Claim 10 wherein the MWD of poly-
alpha-olefin is in the range of 1.7 to 3 and MFR is in

the range of 5 to 250.

31. Fabric comprising fiber of claim 30 formed by

knitting or weaving .

32. Fiber of any of claims 1 - 19, 25,

30 - 31

produced from molten poly-alpha-olefin with mechanical
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~winding greater than 1500 m/min such that its final
draw reduction is greater than 20.

33. The process of claim 26 whe:ein fiber is
melt-spun and collected at a rate such that its final
draw reduction is greater than 20.

34. Fiber of claim 25 produced in a manner such
that its final draw reduction is greater than 20.
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CLAI MB: 1. Fiber conprising ; | reactor-grade
pol yol ef in which has been produced by 31ngle Site
Fiber of <claim 1 conprising reactor-grade

having a nelt flowrate in the range of greater thap gero to 5, 000

dg/ mn., MAD in the range of 1 to 3. 3. Fiber

sotactic

c

i sot acﬁ é—hﬁgﬁl& e‘%‘ifﬁT 1

of

wherei n polyner has MAD in the range of 1.6 to 3.

conprising isotactic poly-al pha- ol ef i n wherei-n pol y} aFpha=oteftn

1) a) is produced by single-site catal §#sis;

| ai 1272 NTY %594

i Fi ber claimpL

NOVEL POLYOLEFIN FIBERS AND THEIR FABRICS

ABSTRACT

Novel fibers have been made comprising reactor grade

isotactic poly-alpha-olefin wherein

polypropylene is

produced by single-site catalysis and has a melt flow rate
of greater than zero to about 5,000, MWD in the range of

about 1.0 to about 3.5.

FIGURE 1.
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-41- 5. Fiber of claim4 produced in a manner such that I nal
draw reduction is greater than 20.- 6. Fiber of any previous claim
wherein poly R ~ in the range of 1.7 to 2.5, 7. Fiber of any
previous cla éf‘\"’ﬁf\fﬁcﬂfmr has MAD in the range of 1.8 to 2. 2.
8. Fiber of{ahy previous—etai m wherein polyner has a melt flowrate
in the rang /M n. - 11 - '

' REPLACEMENT SHEET

Such characteristics of the fabrics incorporating
fibers made from polyolefin produced by single-site
catalysis are particularly impressive when compared with
other fabrics prepared in a similar manner incorporating
fibe_rs made from reactor-grade polyolefins. These
fibers, and fabrics of them, can be produced in volume
at high speeds  without some of the processing and
handling problems which are inherent in traditional
reactor-grade polyolefins as well as the post-reactor
oxidatively degrated polyolefins.

The fibers comprise reactor grade isotactic
polypropylene wherein the polypropylene is produced by
single-stie catalysts, particularly by metallocene-type
(MCN) catalysts including Group 15 or 16 element ligand
or mono-, bis-, and tris- substituted or unsubstituted
cyclopentadienyl ring transition metal compounds, any of
which may be bridgéd or unbridged, coupled, as
necessary, with an appropriate activator, cocatalyst,
scavenger, or combinations thereof and has a melt flow
rate (MFR) in the range of greater than zero to 5,000,
and molecular weight distribution in the range of 1 to
3.5. MFR is a characteristic well known in the art and
is defined by ASTM D1238 and reported as grams/10
minutes or dg/min., at 230°C using a load of 2.16 kg.
The preferred molecular weight distribution, coupled
with the well-tailored nominal or average molecular
weight, allows these fibers to be produced without the
difficulties of traditional reactor-grade or post-
reactor oxidatively degraded materials which would have
either a significant high molecular weight fraction or
significant low molecular weight fraction of molecules
respectively.

Benefit may be obtained, for the fiber producer, if
the average molecular weight of the polyolef':i.n is
reduced. This may be accomplished by the oxidative
degradation, or treatment or the polyolefin to
accomplish molecular scission. This may be realized,
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claim fornmed in a spunbondi ng process. Fi ber of] any previous

cl ai mwherein the pol yol efin has an B 250
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examples are not implied as, or to be read as
limitations of the scope of this invention.

For the purpose of describing this invention in this
specification and included claims, the terms "single-
site catalyst"™ and "single-site catalysis" will be
understood to include true single-site catalysts as well
as conditions of catalysis which use single-site
catalysts. Under some circumstances or conditions of
polymerization, it is possible that ‘some apparently
single-site catalysts may behave in a fashion which
indicates that they are other than single-sited. Such
catalysts and catalysis are intended to be included in
this terminology. Such single-site catalysts may
include, for example, metallocenes and metallocene-type
compounds (MCN) or ionic species combined with
cocatalyst or activating ions, mixed metallocenes or
metallocene-type materials, and mixtures, combinations,
or individual selections £rom these.

This invention includes fiber comprising reactor-
grade polyolefin which has been produced by single-site
catalysis.

This invention also includes £fiber and fabrics
comprising reactor grade isotactic polyolefin wherein
the polyolefin is produced by single-site catalysis and
has a melt flow rate in the range of >0 to 5,000 and
molecular weight distribution in the range of 1.0 to
3.5.

Generally the preferred wupper ranges of MFR
dependent upon means of formation will be 3,000,
dg/min., 2,000 dg/min. 250 dg/min., or 150 dg/min. The
preferred lower ranges of MFR will generally be 5
dg/min., 50 dg/min, or 100 dg/min.

As a general practise : melt spinning MFR preferred
ranges will be 5 dg/min. to 150 dg/min. ; spunbonding
MFR preferred ranges will be 5 dg/min. to 250 dg/min. ;
and melt blown MFR preferred ranges will be 50 dg/min.
to 3,000 dg/min.. Generally the progessively preferred
upper ran—g—e-s—ﬁr polymer MWD will be about




14. Fiber of any previous claimformed in a nelt bl own ProgeREpPLACE

Fi ber of any previous claimwherein the polyolefin has an [F NT SHeeT
range of 50 to 3000 dg/min. 16. Fiber of any previous claimhpa irbq a
di grreter in the range of one to less than 50 [err]m 3 OCT 1908
-42-

T " 7 REPLACEMENT SHEET

3.5, 3.2, 3, 2.5, or 2.2. The increasingly preferred
polymer MWD lower ranges will be 1.0, 1.6, 1.7, 1.8 or
2.0.

These fibers can be used to form fabrics comprising
the fibers by traditional weaving, and knitting, as well
as through nonwoven formation such as spunbonding and
melt blowing processes. Fabrics made from these novel
fibers, particularly when the £fibers are of ' a
comparatively small diameter, display better hand and
will be more drapeable than fabrics produced of similar
fibers having been made from traditionally catalyzed
reactor-grade polyolefins. This is particularly the
case since the fibers of this invention can be melt
drawn to a finer diameter than traditionally catalyzed
reactor-grade polypropylene.

While not wishing to be bound by theory, we believe
that, because of the consistency of the length of the
polymer chains (narrow molecular weight distribution)
and the consistent tacticity distribution of the single-
site catalyzed polymers, the fibers of our invention
will generally be stronger, or have higher temacity than
conventional polymer when drawn to fine diameter in
spite of the fact that they are drawn to a finer
diameter. This means that extra strength of the fabric
is gained while softness is enhanced by diminishing the
fiber diameter; thereby allowing greater flexibility of
the fiber, and a resulting fabric which displays
enhanced drapeability and softness. Generally finer
fibers, and their production processes, will benifit
from the practise of this invention. Progressively
prepared fiber diameters are in the range of from 1 to
less than 50 pm and from greater than 3 to less than 20
pm. Specifically, for example, fibers having a diameter
of 400 pm, 200 gm, 100 gm, 50 pgm, 20 pm, 10 pgm, 5 pm, 3
pm are possible. Coarser fibers will benefit some by
the practice of this invention, but not to the extent by
which finer fibers will benefit.
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17. Fiber of any previous claimhaving a dianeter in th ange of
greater than 3 to less than 20 [err]m 18. Fiber of any previ OL&Sch}@TmQ?s
produced from nol ten pol y-al pha-ol efin with nechani cal ngli ng greater

than 1500 nmimn such that its final dra educ ter than 20
19. Fabric conprising fiber which conp?&%s're?LE?EACEMENSSE | sotactic

pol ypropyl ene  whefei s dgifarent P@ha¥ Oppkeeased ptakesag hyatsengloe-site
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wher ei n pol ymfozracidiD igf t hehe fidegs,of dnd top8ional subsequent
fabrics, of this invention enhances the strength of the
final fibers. To explore the benefits gained,
understand those benefits, and standardize the
measurement of those benefits, we looked at the
imparting of strain in the final fibers. The melt-
drawn fibers were formed by extrusion or drawing
through a spinerette, or die, with holes having a

diameter of 600 um. The strongest fibers were
substantially smaller in diameter than that hole
diameter, or initial formation diameter. Division of

the initial formation diameter by the £final fiber
diameter yields what we have termed as the *“final draw
reduction*. At take-up rates of 1,000 m/min, the final
fiber diameter was 29.3 um; the initial <£formation
diameter was 600 um. Deriving the final draw reduction
(FDR) for that fiber by dividing 600 um by 29.3 um
yields an FDR of 20.3. Similar calculations for fiber
which was mechanically wound or taken-up at 1500 and
2000 yields FDR's of greater than 20, specifically 24.7
and 28.8 respectively. '

After viewing the tenacity test results as
presented in Table I, it is apparent that the €£fibers
produced from single-site catalyzed, reactor-grade
polymers with £final draw reductions greater than 20
substantially outperformed the analogous fibers
produced from traditionally catalyzed reactor-grade
resins. Based on the test evaluations for tenacity it
is believed that the enhanced tenacity would also be
found in fibers (made from single-site catalysis
produced reactor grade polyolefin) produced with take-
up rates of 500 m/min. since application of force, or
imparting of strain to reduée diameter and increase
_tensile modulus can be accomplished- by this spinning
rate. © The higher take-up rates of 1000, 1500, 2000,
2500, 3000, and 3300 m/min would be progressively
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process Of f)roLduc"l ng fiber of isotactic ppdy-= al pha- ol ef i n *res+p~havi-Rg
nelt flowrate in the range of greater—than 0 to 5,000 dg/mn. and MAD
in the range of 1 to 3 and, optionally, non woven @.F ' Trom that
resin conprising the steps of: a) contacti W@PAABEME ghEﬁT at
sufficient ti A TMS : and tenperature under reactive process
conditions, w a catal yst capable of forning I sotactic

pol y- al pha- ol efi n; ‘

1. Fiber comprising reactor-grade isotactic
polyolefin which has been produced by single-site
catalysis.

2. Fiber of «claim 1 comprising reactor-grade

isotactic polyolefin having a melt flow rate .in
the range of greater than zero to 5,000 dg/min.,
MWD in the range of 1 to 3.

3. Fiber of claim 1 or 2 wherein polymer has MWD in
the range of 1.6 to 3.

4. Fiber c¢laim 1 comprising isotactic poly-alpha-
olefin wherein poly-alpha-olefin:
1) a) is produced by single-site catalysis;
b) is substantially free from post-reactor;
i) treatment to accomplish molecular
scission; or
. ii) treatment to reduce poly-alpha-olefin
viscosity;
c¢) has melt flow rate in the range of greater

than zero to 5,000 dg/min.; and
d) has MWD in the range of 1 to 3.5; or

2) a) is produced by single-site catalysis

b) has been subjected to post-reactor
treatment to
i) accomplish molecular scission; or
ii) reduce viscosity;

c) has melt flow rate in the range of greater
than zero to 5,000 dg/min.;

d) has MWD in the range of 1 to 3.5 which has
not been substantially altered by post-
reactor treatment.
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5. Fiber of claim 4 produced in a manner such that
its final draw reduction is greater than 20.
6. Fiber of any previous claim wherein polymer has
MWD in the range of 1.7 to 2.5.
7. Fiber of any previous claim wherein polymer has
MWD in the range of 1.8 to 2.2.
8. Fiber of any previous claim wherein polymer has a
melt flow rate in the range of 5 to 3,000 dg/min.
9. Fiber of any previous claim produced by forming

the fiber from molten polypropylene.

10. Fiber of any previous claim formed in a melt

spinning process.

11. Fiber of any previous claim wherein the polyoléfin

has an MFR in the range of 5 to 150 dg/min.

12. Fiber of any previous claim formed
spunbonding process.

in a

13. Fiber of any previous claim wherein the polyolefin
has an MFR in the range of 5 to 250 dg/min. and a.

MWD in the range of 1.7 to 3.

14. Fiber of any previous claim formed in a melt blown

process.

15. Fiber of any previous claim wherein the polyolefin

has an MFR in the range of 50 to 3000 dg/min.

16. Fiber of any previous claim having a diameter in

the range of one to less than 50 pm.
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17. Fiber of any previous claim having a diameter in
the range of greater than 3 to less than 20 pm.

18. Fiber of any previous claim produced from molten
poly-alpha-olefin with mechanical winding greater
than 1500 m/min such that its final draw reduction

is greater than 20.

19. Fabric comprising fiber which comprises reactor
‘grade isotactic poiypropylene wherein the -
polypropylene is produced by single-site catalysis
and has a melt flow rate in the range of greater
than 0 to 5,000 dg/min. MWD in the range of 1 to
3.5.

20. Fabric of claim 19 wherein polymer has MWD in the
range of 1.7 to 3.

21. Fabric of any claim 19-20 wherein polymer has a
melt flow rate in the range of 5 to 2,000 dg/min.

22. Fabric of any claim 19-21 comprising fiber formed
from molten polypropylene. J—

23. Fabric of any claim 19-22 which is produced by a
spunbonding or melt blown process.

24. The process of producing fiber of isotactic poly-
alpha-olefin resin having melt flow rate in the
range of greater than 0 to 5,000 dg/min. and MWD
in the range of 1 to 3 and, optionally, non woven
fabric, from that resin comprising the steps of:
a) contacting alpha-olefin, at sufficient time

and temperature  under reactive  process

conditions, with a.catalyst capable of forming

isotactic poly-alpha-olefin; . '
b) forming isotactic poly-alpha-olefin;
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¢) recovering the desired isotactic poly-alpha-

~ olefin;

d) transferring the poly—alpha-olefin to a means
from which molten poly-alpha-olefin may be
produced; '

e) forming fiber from the molten poly-alpha-
olefin; and

f) collecting resulting £fiber or, optionally,-
further processing fiber to form fabric.

25. The process of claim 24 wherein fiber is melt-spun

and collected at a rate such that its final draw

reduction is greater than 20.
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NOVEL POLYOLEFIN FIBERS AND THEIR FABRICS

Novel fibers have been made comprising reactor
grade isotactic poly-alpha-olefin wherein polypropylene
is produced by single-site catalysis and has a melt
flow rate of greater than zero to 5,000, MWD in the
range of about 1.0 to 3.5.

Figure 1




