Office de la Propriete Canadian CA 2168356 C 2004/05/04

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 1 68 356
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 1994/05/18 (51) Cl.Int.%/Int.CI.° D0O4H 1/56
(87) Date publication PCT/PCT Publication Date: 1995/03/02| (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2004/05/04 REED, JORNF., US;

SWAN, MICHAEL Z).’, US
85) Entree ph ti le/Nati | Entry: 1996/01/29
(85) Entree phase hafionale/National Entry (73) Proprietaire/Owner:

(86) N° demande PCT/PCT Application No.: US 1994/005559 MINNESOTA MINING AND MANUFACTURING
(87) N° publication PCT/PCT Publication No.: 1995/006151 COMPANY, US
(30) Priorité/Priority: 1993/08/25 (08/111982) US (74) Agent: SMART & BIGGAR

(54) Titre : NONTISSES ELASTIQUES SOUFFLES A CHAUD, A BASE DE POLYOLEFINES
(54) Title: POLYOLEFIN MELTBLOWN ELASTIC WEBS

(57) Abrége/Abstract:

An elastic nonwoven web of microfibers of radiation crosslinked ethylene/alpha-olefin copolymers. The web has an elongation
to break of at least 400 percent and generally is comprised of meltblown microfibers. The ethylene/alpha olefin is preferably an
ethylen/1-octene copolymer having a density less than 0.9 g/cm? and a melting point of less than 100 °C.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




. PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 95/06151
DO04H 1/5 Al
04H 1/56 (43) Internatio bli ti%: Date: 2 March 1995 (02.03.95)
(21) International Application Number: PCT/US94/05559 | (81) Designated States: CA, JP, European patent (AT, BE, CH, DE,
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).
(22) International Filing Date: 18 May 1994 (18.05.94)
Published
(30) Priority Data: With international search report.
08/111,982 25 August 1993 (25.08.93) US

(71) Applicant: MINNESOTA MINING AND MANUFACTUR-
ING COMPANY [US/US]; 3M Center, P.O. Box 33427,
Saint Paul, MN 55133-3427 (US).

(72) Inventors: REED, John, F.; P.O. Box 33427, Saint Paul, MN
55133-3427 (US). SWAN, Michael, D.; P.O. Box 33427,
Saint Paul, MN 55133-3427 (US).

(74) Agents: BOND, William, J. et al.; Minnesota Mining and
Manufacturing Company, Office of Intellectual Property
Counsel, P.O. Box 33427, Saint Paul, MN 55133-3427 (US).

1 DUeBRD

(54) Title: POLYOLEFIN METLBLOWN ELASTIC WEBS
(87) Abstract

An elastic nonwoven web of microfibers of radiation crosslinked ethylene/alpha-olefin copolymers. The web has an elongation to
break of at least 400 percent and generally is comprised of meltblown microfibers. The ethylene/alpha olefin is preferably an ethylen/1-

octene copolymer having a density less than 0.9 g/cm® and a melting point of less than 100 °C.
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POLYOLEFIN MELTBLOWN ELASTIC WEBS

Field of the Invention

10 The invention relates to nonwoven meltblown

fibrous elastic webs comprised predominantly of

meltblown fibers formed from ethylene/alpha-olefin
copolymers.

15 Background of the Invention

U.S. Patent No. 4,879,170 describes a nonwoven
elastomeric web formed by hydraulically entangling a
nonwoven meltblown web with pulp fibers, staple

fibers, additional meltblown fibers or continuous

20 filaments, at least one of which fibers is
elastomeric. Elastomeric materials described as
suitable for forming an elastomeric meltblown web
include polyesters, polyurethanes, polyetheresters and
polyamides referring to U.S. Patent No. 4,657,802.

25 Other elastomeric materials are mentioned, however,
not in reference to formation of meltblown fibers.
Such elastomers include elastomeric polyolefins,
elastomeric copolyesters and ethylene/vinyl acetates.
The co-formed material is described as being a smooth

30 elastic with good hand, drape and other properties.

U.S. Patent No. 4,724,184 describes an

elastomeric nonwoven web formed by meltblown fibers
comprised of a polyether/polyamide block copolymer
such as sold under the trade designation PEBAX™ 3533.

35 The elastic meltblown nonwoven web formed from this

elastomer is a coherent matrix of microfibers with
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optionally secondary fibers incorporated into the web.

Additional patents describing elastomeric meltblown webs include U.S.
Patent No. 4,663,220 which describes polyalkenyl arenes/polydiene block
copolymers such as A-B-A block copolymers sold under the trade designation
KRATON™ G, which include polystyrene/polyethylene-butylene/polystyrene
block copolymers. These block copolymers are blended with polyolefins to
enhance processability into formation of the elastomeric meltblown web,

which elastomeric webs are also discussed in U.S. Patent No. 4,789 699.

U.S. Patent No. 4,741,949 describes an elastomeric web formed from
a polyether/polyester. Again, the web may optionally contain secondary
fibers distributed therein including wood pulp, staple fibers, super-absorbent
fibers or binding fibers. The loading of the secondary fibers depends on the
fiber average length, with srﬁaller fibers, less than 0.5 in. in length, includable
up to 80 weight percent of the web, whereas larger fibers are only includable
up to 40 weight percent.

U.S. Patent No. 4,908,263, to Reed et al., describes a nonwoven
insulating fabric formed from elastomeric meltblown fibers admixed with
staple bulking fibers. The bulking fibers having on average at least 1/2
crimp/cm. The meltblown materials described are formed from elastomeric
polyurethanes, polyesters, polyamides or polyalkenyl arene/polydiene block
copolymers. The preferred elastomeric material is a polyurethane.

EP-A-O 546 837 discloses melt blown webs and laminates formed from

an ethylene-2-olefin copolymer with a density of less than 0.9 g/cm’ and a

crystallinity of from 5 to 40 percent and blends thereof. The melt blown webs
reportedly have elastic properties when stretched by about 10 percent
(example 1).

There continues to be a need for elastomeric meltblown webs for a
variety of applications specifically formed from thermoplastic polymers having
improved meltblown processing characteristics and useful elastic and tensile

properties in a meltblown web form.
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Summary of the Invention
The present invention provides an elastic meltblown web comprising

crosslinked ethylene/alpha-olefin copolymers, particularly ethylene/1-octene

copolymers. The elastomeric meltblown web comprises a nonwoven fibrous
matrix of radiation crosslinked ethylene/alpha-olefin microfibers having an
average diameter of generally less than about /5 micrometers, preferably
less than about 50 micrometers and, most preferably, less than about 25
micrometers. The elastomeric meltblown web has an elongation to break of
at least 400 percent, preferably at least 500 percent.

The elastomeric meltblown web or matrix is provided by melt blowing
an ethylene/alpha-olefin, particularly an ethylene/1-octene copolymer having
a density of less than about 0.9 gm/cm3, preferably less than 0.88 gm/cm3, a
melt index of greater than 10 gm/10 min, preterably greater than 25 gm/10
min (measured by ASTM D-1238, Condition E), most preferably greater than
50 gm/10 min, and a melting point of less than 100°C, preferably less than
80°C. The coherent matrix of meltblown fibers are collected on a collecting
surface and then subjected to radiation crosslinking, particularly electron
beam radiation in amounts generally greater than about 5 megarads,
preferably at least 10 megarads, to provide a cohe(ent elastomeric meltblown
web having an elongation to break of at least 400 percent and elastic

recovery.

Detalled Description of the Invention
The pre-irradiation processed nonwoven meltblown webs of the

present invention can be prepared by a process similar to that taught in
Wente, Van A., “Superfine Thermoplastic Fibers” in Industrial Engineering
Chemistry, Vol. 48, pages 1342 et seq (1956), or in Report No. 4364 of the
Naval Research Laboratories, published May 25, 1954 entitled
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"Manufacture of Superfine Organic Fibers" by Wente,
Van. A. Boone, C.D., and Fluharty, E.L. except that a
drilled die is preferably used. The thermoplastic
material i1s extruded through the die into a high
velocity stream of heated air which draws out and
attenuates the fibers prior to their solidification
and collection. The fibers are collected in a random
fashion, such as on a perforated screen cylinder,
prior to complete fiber solidification so that the
fibers are able to bond to one another and form a
coherent web which does not require additional
binders. This bonding is desirable to improve
mechanical properties.

Post-extrusion crosslinking of the formed
meltblown webs 1s accomplished by passing the webs
through a conventional electron beam irradiation
device operating under normal conditions. However, it
is believed that other radiation sources could also

work, such as alpha, gamma or beta radiation. Under
the range of conditions examined, enhanced web

properties were correlated with increasing radiation
exposures. The radiation exposure was generally at
least 5 megarads, with at least 10 megarads being
preferred. The resulting web exhibited elongations to
break of at least 400 percent, preferably at least 500
percent, and most preferably at least 600 percent,
while exhibiting peak loads at least 20 percent higher
than a non-treated or non-irradiated web, preferably
at least 30 percent higher, and most preferably at
least 50 percent higher.

Particularly preferred ethylene/alpha-olefins are
suitably described as interpolymers of an alpha-
olefin, particularly ethylene and a C;-C,, alpha-olefin,
particularly C,~C; alpha-olefins with l-octene being
particularly preferred, with alpha-olefin amounts
preferably greater than 20 mole percent of the polymer
up to about 70 mole percent, preferably, less than 50
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mole percent alpha olefin and, optionally, a minor
proportion of diene monomers. The ethylene/alpha-
olefins generally have a melt index above about 10
gn/10 min., preferably above 25 gm/10 min. and, most
preferably above 50 gm/10 min. (measured by ASTM D-
1238, Condition E). Further, preferably, the polymer
has a Vicant softening point of less than about 60°C,
preferably less than 50°C, providing a broad
processing window and ability to form a coherent web
at a wide range of collector distances, while
providing a web capable of low temperature thermal
processing such as a particular ethylene/l-octene
copolymer having a melt index of 80-100, a melt flow
ratio of 7.3, a density of 0.871 (measured by ASTM D-
792), a Vicant softening point (measured by ASTM D-
1525) of 40°C and a melting point of 64°C (as
determined by differential scanning calorimeter).
Mechanical properties of this polymer measured by ASTM
D-638 include a tensile strength at yield of 170 PSI,
a tensile strength at break of 350 PSI, and an
elongation of 430 percent, flexural strength and
flexural modulus measured by ASTM D-790 of 850 PSI and
2,260 PSI, respectively, rigidity of 1,000 PSI, by
ASTM D-747, with a hardness (shore A) of 70 as
determined using ASTM D-2240. This polymer 1is
designated as Dow Insite™ XUR-1567-48562-9D and 1is
formed by a constrained geometry metallocene addition
catalyst.

Additionally, various particulate materials and
staple fibers can be incorporated into the coherent
elastomeric web during the web formation process by
well known methods such as described 1in U.S. Patent
Nos. 4,755,178 and 4,724,184.

The following examples are currently contemplated
preferred modes for carrying out the invention and
should not be considered as limiting unless otherwise

indicated.
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Examples 1-5
Pre-irradiation processed nonwoven melt

blown webs were prepared using an ultra-low density
ethylene/l-octene copolymer (Insite™, XUR-1567-48562-
9D, density 0.871, melt index 95.8, available from Dow
Chemical Company, Midland MI). The peak melting point
was determined by DSC, scan rate 5°C/min., second
heat, as about 69°C and reported by the manufacturer
as 64°C. The Vicant softening point was reported as
40°C. The webs were formed by a process similar to
that described in Wente, Van A., "Superfine
Thermoplastic Fibers" in Industrial Engineering
Chemistry, Vol. 48, pages 1342 et seq (1956), or in
Report No. 4364 of the Naval Research Laboratories,
published May 25, 1954 entitled "Manufacture of
Superfine Organic Fibers" by Wente, Van. A. Boone,
C.D., and Fluharty, E.L. except that a 1.9 cm (0.75
in.) Brabender single screw extruder equipped with a
25/1 L/D screw was used and the meltblowing die had
smooth surfaced orifices (10/cm) with a 5:1 length to
diameter ratio. The melt temperature was 210°C, the
die was maintained at 200°C, the primary air

temperature and pressure were, respectively, 198°C and

5.2 kKPa (0.76 mm gap width), the polymer throughput
rate was 2.4 gm/cm/minute, and the collector/die

distance was 46 cm (18 in.). The resulting nonwoven
web had an average fiber size of 12 microns (range of

4-17 microns) and a basis weight of approximately 100
2

g/m-.
post-blowing electron beam irradiation levels as

The thus formed meltblown web was subjected to

indicated in Table 1 using a custom built electron
beam machine equipped with a tungsten filament and a
12 pm thick titanium window which was capable of
delivering an acceleration voltage over a range of
100-300 KeV (available from Energy Sciences, Inc.
Wilmington, MA). The machine was operated at a 250
KeV energy level , with exposures of 5, 10, 15, and 20
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MRads for the preparation of the webs of the present
invention. Web samples were placed on a poly (ethylene
terephthalate) carrier film and irradiated in a
'hitrogén inerted chamber (oxygen level of
approximately 5 ppm) and a line speed of 9.14 m/min
(30 ft./min). Physical properties of the irradiated
webs were measured on an Instron™ Tester, Model 1122
(available from Instron Corp., Canton, MA) with a jaw
gap of 5.08 cm (2 in.) and a head speed of 25.4
cm/minute (10 in./minute) and analyzed using Instron™
Series 9 software. Web samples (2.54 cm X 8.9 cm )
were die cut along the machine direction axis.

Physical property data for the samples is reported in
Table 1.

Comparative Examples C-1 thru C-5

Comparative examples were prepared according
to the procedure of Examples 1-5 except for using a

linear low density polyethylene resin (Aspun™ 6806,
density 0.930, melt index 105, available from Dow
Chemical Co.), with a peak melting point of 121°cC
(determined by DSC, as above). The melt temperature
was 229°C, the die temperature was 235°C, the primary
alr temperature and pressure were, respectively, 231°C
and 96.5 kPa (0.76 mm gap width), the polymer

throughput rate was 1.2 gm/cm/minute, and the
collector/die distance was 14.4 cm (6 in.). The

resulting nonwoven web had an average fiber size of 5-
10 microns and a basis weight of about 71 g/m’. The
webs of comparative examples C-1 thru C-5 were exposed
to the same E-beam radiation levels as the webs of

examples 1-5. The physical property data for all the
samples 1s reported in Table 1.
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The data in Table 1 shows a significant improvement in elastic
properties of the nonwoven webs of the present invention upon radiation
treatment. In contrast, the webs of the comparative examples exhibited only

slight improvement in elastic and tensile properties under identical irradiation

conditions.
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1. An elastic nonwoven web comprising a nonwoven fibrous matrix

of a radiation crosslinked elastomeric ethylene/alpha-olefin copolymer
microfibers, the elastomeric ethylene/alpha-olefin random copolymer having a
density of less than 0.9 gm/cm?®, a melting point of less than 100°C, a melt
Index of greater than 10 gm/10 min and a fiber diameter of less than 50

micrometers wherein the web has an elongation to break of at least 400

percent and recovers elastically.

2. The elastic nonwoven web of claim 1 wherein the
ethylene/alpha-olefin is a radiation crosslinked ethylene/1-octene random
copolymer having a melting point of less than 80°C and a density of less than
0.88 gm/cm3 and the web peak load is at least 20 percent higher than a

comparable non-radiation crosslinked web.

3. The elastic nonwoven web of claim 2 wherein the web has an
elongation to break of at least 500 percent and the web peak load is at least

30 percent higher than a comparable non-radiation crosslinked web.

4. The elastic nonwoven web of claim 2 wherein the web has an
elongation to break of at least 600 percent and the web peak load is at least

50 percent higher than a comparable non-crosslinked web.

5. The elastic nonwoven web of claim 1 wherein the alpha-olefin is
a Cs-C42 alpha-olefin and the ethylene/1-alpha-olefin melt index is greater

than about 25 gm/10 min.

6. The elastic nonwoven web of claim 1 wherein the alpha-olefin Is

a C4 to Cg alpha-olefin.

7. The elastic nonwoven web of claim 2 wherein the ethylene/1-

octene Vicant softening point is less than about 60°C.

-
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8. The elastic nonwoven web of claim 3 wherein the ethylene/1-

octene Vicant softening point is less than about 50°C.

9. The elastic nonwoven web of claim 2 wherein the ethylene/1-
10 octene melt index is greater than about 50 gm/10 min.

S0093pct.clm
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