- Nonwoven fabric for producing cleanroom protective clothing Description of
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The most important requirement of a material for
.producing such protective clothing is therefore the

15 barrier effect. The protective clothing material has to
retain not only the particles permanently emitted by
the human body (skin flakes, hair fragments, bacteria,
etc.) but also the fiber fragments detached from any
textile clothing underneath in order that contamination

20 of the cleanroom air and hence of the article of
manufacture may be avoided. Nor, of course, must the
material itself emit any fiber parts or other
constituents into the cleanroom air.

25 As well as the requisite barrier effect, the protective
clothing material must possess high mechanical strength,
especially a high tear and abrasion resistance, in
order that the risk of the formation of tears or holes
due to outside influence or normal wear may be

30 minimized. In order that the protective clothing may be
repeatedly reusable as well, moreover, the material
must survive the industry-customary washing or cleaning
operations (for example sterilization in an autoclave)
as intact as possible, i.e., be resistant to wet

35 mechanical abrasion and pilling and also sufficiently
‘dimensionally stable. '

In addition to the barrier effect and (wet) mechanical
resistance, the protective clothing materlal must -



cdinensionally stable. In addition to the barrier effect and (wet)
-mechani cal - resi stance, the protective clothing material nust 2
.especially for use in cleanroons of the mcroelectronics industry -
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protective cimatteiniglndirem ahelrasstbeynmightnbe reemited later.

In addition, the protective clothing materxial should
also possess a sufficiently high wear comfort, i.e., an
15 ideally textile character with regard to drape, hand
and appearance and be breathable and where appropriate
also thermally insulating in order that excessive
sweating or freezing on the part of the user may be
avolded.
20
- Background azk
It is known to use very low denier synthetic fibers or
filaments for producing cleanrcom protective clothing
material. “Very low denier” here refers to £fibers
25 having a linear density of less than 1 dtex, which are
also known as “microfibers”. Microfibers having a
linear density of less than 0.3 dtex are also commonly
known as “supermicrofibers”. |

' 30 Customary protective clothing material based on woven
or - loop~formingly knitted microfiber or microfilament
fabrics is produced in several steps. First, polymeric
raw materials are  spun into microfibers or
microfilaments. These are then further processed into

35 yarns which may additionally underge a subsequent
texturing operation. The textured microfiber or
microfilament yarns are finally woven up to the actual
protectivé clothing material. Conductive yarns may be.
additionally woven into the fabric in the form of a



«or--{oop-formngly knitted mcrofiber or mcrofilanent fabrics is produced
“in several -steps. First, polyneric raw naterials are spun into mcrofibers
or megrofilanents. These are then further processed into 35 yarns which
“may additionally undergo a subsequent -texturing operation. The textured
mcrofiber or mcrofilanent yarns are finally woven up to the actual
protective clothing materi al . nduct | ve%%%a:r ns nma addi tional ly woven
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few micropores or microchannels through which water
vapor might be transported through the fabric.
15
The problematic combination of barrier effect and
breathability is achievable for the protective clothing
material through the  use of membranes that are
impervious to particles yet pervious to water vapor.-
20 Such “microporous” layers can be applied to normally
(im)pervious textile materials, for example by
lamination or direct extrusion, to obtain a material

having a textile character.

25 The operation to produce closely woven microfilament
- fabrics and laminates formed from a breathable barrier
membrane and a textile involves multiple stages and
hence is relatively time consuming. Nonwoven fabrics
are one alternative that is simple to produce.
30 -
- Flat calendered microfilament spunbondeds based on
polyethylene are capable of meeting the barrier
requirements and are also very economical to produce.
How‘ever,. such materials are virtually impervious to air
~ 35 and water vapor and possess a foillike character, i.e.,
‘their wear comfort 4is 1low. Moreover, they are
insufficiently stable to washing and cleaning, so that
* their utility is limited to single use or d:.sposable
protective clothing.



‘having a textile character. 25 The operation to produce cl osely woven

“m crofilament fabrics and |am nates formed from a breathable barrier
menbrane and a textile involves nmultiple stagés and hence is relatively
“time consum ng. Nonwoven fabrics are one alternative that is sinple to
produce. 30 Flat cal endered mcrofil anenf spunbondeds based on

pol yet hyl ene axe capable of neeting the barrier requirenents and are al so
very econonical to produce. However, such naterials are virtually
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cited patent fabric possessing an extremely high bulkiness and hence
also a good barrier effect. But this fabric lacks
softness and ‘thermal insulation properties.
15 Consequently, water 3jet consolidated nonwovens are
believed to be of limited wusefulness for the
(protective) clothing sector. The cited patent
specification therefore proposes a different method
which does not employ the water jet technique.
20 _
PCT application WO 98 | 23 804 departs from the
abovementioned patent specification in proposing that
the fabric first be subjected to thermal point bonding
prior to the water jet splitting. The idea is to
25 prevent the hydroentangled web from becoming tangled
with the screen of the hydroentangling apparatus and
being damaged or even. destroyed on being removed
therefrom. Secondly, a higher degree of fiber
separation is sald to be achieved as a result, which is
30 said to provide improved barrier and tactile
characteristics.

Extending the range of applications of nonwoven fabrics

is also desired in EP patent specification 97 108 364.

35 It describes the production of a nonwoven fabric from
‘very fine filaments that is said to have comparable
proparties to woven or loop-formingly knitted textiles.

The very fine filaments with a linear density of 0.005

to 2 dtex are produced by water jet splitting from



specification therefore proposes a different method which does not. enpl oy
“the water jet technique. 20 PCT application WO 98 1 23 804 departs fromthe
abovenenti oned patent specification in proposing that the fabric first be
"subj ected to thermal point bonding prior to the water jet splitting. The
idea is to 25 prevent the hydroentangl edgweb from becom ng tangled wth
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Subsequent studies have shown that, surprisingly,
nonwoven fabrics produced according to the
abovementioned EP patent specification 97 108 364 are
15 very useful for producing cleanroom protective clothing
when they consist of supermicrofilaments having linear
densities of less than 0.2 dtex and are also  emboss
calendered. The supermicrofilaments themselves are
produced by water Jjet splitting of multicomponent
20 filaments having a linear density of less than 2 dtex,
that were formed by melt spinning, aerodynamically
stretched and prebonded by means of water jets.

The present invention consequently describes a novel

25 nonwoven fabric material and also the 'steps for
| prdducing it. The nonwoven fabric meets all
requirements of a repeatedly reusable cleanroom
protective clothing material. It has a high barrier
effect, a high mechanical strength and dimensional

30 stability, an efficient antistatic action and a high
' wear comfort (breathability and textile character).
These favorable properties are sufficiently preserved
even following repeated industry-customary waShing and

- cleaning operations (up to 30 cycles). The sum total of
35 these properties was hitharto deemed unattainable with
“a nonwoven fabric comprising split ultrafine filaments.

The non‘w,o{ren fabric consists of supermicrofilaments
having linear denSi_ties of less than 0.2 dtex, which



Sunmery of _hA inyen Ton Subsequent studies have shown that, surprisingly,
~nonwoven fabrics produced according to the abovenentioned EP patent
specifi.cation 97 108 364 are 15 very useful for producing cl eanroom
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antistatic effect can be obtalned for example by mixing
in carbon black or graphite or by admixture of polymers

15 having a strongly hydrophilic character or of polymers
having (semi)conductive properties, possibly with
addition of compatibilizers. The primary bicomponent
filaments possess a cross section having an orangelike
multisegment “pie” structure in which segments each

20 containing one of the two incompatible, additized
polymers ‘alternate. This well known filament cross
section has proven useful for the hereinbelow described
production of the supermicrofilaments. To obtain the
desired high abrasion - resistance and 1low pilling

25 tendency for the nonwoven fabric, the primary filaments,
having been subjected to the customary aerodynamic
stretching, axe thereafter subjected to a fuxther
stretching and synchronous annealing operation (“Hot
Channel Stretching”). '

30
Thé primary filaments thus produced are laid down on a.
moving belt in a random arrangement by means of

specilfic assemblies and are subsequently
preconsolidated by means of conventional water jet
35 'technology, i.e., mechanically entwined. The

‘preconsolidated primary filament web is then repeatedly
subjected to high pressure water jets from both sides
on pearforated drums, and the primary filaments
_-diéintegrate virtually completely intQ. . their



5 and pol yam de. This conbination is known, and EP 97 108 364 is
“incorporated herein by reference to that extent. The polyester fraction is
chosen-to be higher than the polyam de fraction, preferably between 60 to
"70% by weight. To obtain the requisite antistatic 10 effect, either or both
of the polyners are provided wth corregponding additives that have a
permanent effect, i.e., cannot, be washed off or oyt. The , apfi stat
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nonwoven fabric, the primary filanents, having been subjéct ed to the
cust omary aer%ﬂ?éﬁﬁrc"aﬁqretchl ng, are thereafter subjected to a further
stretching and synchronous anneal i ng operation ("Hot Channel Stretching").
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hot ailr heat setting operation under +tension. The
fabric is subsequently emboss calendered in a calender
15 having a specifi¢c engraved xoll in order that the
dimensional stabllity and abrasion resistance may be
further enhanced. The finished nonwoven fabric has a
basis weight of 80 to 150 g/m?, preferably of 95 to
115 g/m?.
20
Example
The first step is to produce a nonwoven fabric having a
basis weight of 95 g/m? coupled with uniform thickness
from Dbicomponent filaments consisting of 70% of
25 polyethylene terephthalate and 30%  of
polyhexamethyleneadipamide. The primary filaments have
a linear density of 1.6 dtex and contain 16 segments
which are alternately constructed of the polyester or
of the polyamide. The melt-spun filaments are
30 aerodynamically stretched, randomly laid down on a belt
and fed to a water jet treatment in which a first
preconsolidation of the filaments takes place. The
preconsolidated web is subsequently treated with high
pressure water jets, which causes the primary filamenfs
35 to split into the individual segments and these to be
‘further clewed. The water jet splitting is repeatedly
carried out from both sides of the nonwoven fabric. The
resultant supermicrofilaments have an average linear
density of 0.1 dtex and are uncrimped. The web is



subj ected to high pressure water jets fromboth sides on perforated druns,
~and the primary filanments ..disintegrate virtually conpletely into their 7
constituents, i.e., into the individual supermcrofilanents, and these are
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2. Nonwoven fabric as claimed in claim 1,

15 characterized in that the primary filaments aftex

the aerodynamic stretching are subjected to an
additional stretching and annealing operation.

3. Nonwoven fabric as claimed in claim 1 or 2,
20 characterized in that the primary filaments
represent bicomponent filaments of two
incompatible polymers, especially of a polyester

and a polyamide.

25 4. Nonwoven fabric as claimed in claim 3,
characterized in that the polyester fraction is
higher than the polyamide fraction.

5. Nonwoven fabric as claimed in claim 4,

30 characterized in that the polyester fraction is

+ between 60 and 70% by weight, based on the total
weight of nonwoven fabric.

6. Nonwoven fabric as claimed in any of claims 1 to 5,

35 characterized in that the basis weight of the

- nonwoven fabric is between 80 and 150 g/m?,
preferably between 95 and 115 g/m’. '

7. Nonwoven fébric as claimed in any of claims 1 to 6, '_



2. Nonwoven fabric as claimed in claim 1, 15 chmmhaﬁthe"

-primary fil.anents after the aerodynam c stretchmmm ﬂ to an
additional stretching and annealing operation. 3 m uﬁtn[m as
«claimed in claiml or 2, 20 characterized in that the pri*mary #ilanents
represent biconponent filaments of two l\{é:c_orrpati bl e pol ynmers, especially

of a polyester and a polyamde. 25 4. woven fabric as clainmed in claim
3, characterized chathatethreedoinethat thaecpirimary fhilghentshihavehea

pol yam de fraction Noggp%/ f P s, &l al L0 6d a4
characterized in tﬁggs?he po_%;%tgll%wfl?lggt ?gnaﬂss éeithv\lgéenhg% alns OeOI/:')

wei ght, based on tatrueture ni yhicbf spenaplsncrghr conteingpanenen Shabric

as claimed in any gheCtabMndohBabibld5p6lgness eai€ethatet hat the basis
wei ght of the nonvvosen ?gglr‘ig ?2 zﬁet vvesgn g{g and 150 g/m preferably

bet ween 95 and 115 g/n®2. 7.. Nonwoven fabric as claimed in any of clains 1
to6, *CL NB»E' *.Nonﬂzeveﬁhﬁaalﬁﬁ.ﬁréieldléaﬂmédilain_tﬁlﬁypdsf rmlaiimélﬁhn‘.eﬂ?, have a
cross section having_an_orangelike tisegnent . structure.i iC
segnents each cont ﬁﬁﬁi"ﬁﬁgﬁﬁégﬁf‘i Jf‘hga?% Eﬂ@or‘?’ﬁ‘&teirbl:betpo??ﬂrégglﬁpt Shate. 5
8. Nonwoven fabricthe gpwimeecly i £ilaments ciai mffected’, by cleabgeadrdinged in
that the water jet ligting . ri K| s ef fect
subj ecting the prgggnséheggpggl%ggrgleg rggie%tlte:dl 3@%5%5823’ g Qﬁ&i}’

10 pressure water jets alternately from both sides.

9. Nonwoven fabrxic as <claimed in <claim 8,
characterized in that the water jet splitting is
carried out on an assembly having rotating sieve

15 drums.

10. Nonwoven fabric as claimed in any of claims 1 to 9,
characterized in that the fabric after the water
jet splitting and subsequent drying is emboss

20 calendered.

11. Nonwoven fabric as claimed in any of claims 1 to

10, characterized in that the fabric after the

water jet splitting is additionally subjected to a

25 heat setting step and subsequently to a
thermosetting step.

12. Nonwoven fabric as claimed in any of claims 1 to

11, characterized in that either or both of the

30 incompatible pdlymers contain a permanently

antistatic additive, for example carbon black or

.graphite, a polymer having a markedly hydrophilic

character (for example a poly(amide-block-ether)

copolymer or a polymer having (semi)conductive

35 properties (for =example .a polyaniline or
: polyacetylene derivative).

13. Nonwoven fabric as claimed in any of claims 1 to
12, charadt_erized in that the supermicrofilaments



10 pressure water jets alternately fromboth sides. 9. Nonwoven fabric as
~claimed in.claim8, <characterized in that the water jet splitting is
carried. out on an assenbly having rotating sieve 15 druns. 10. Nonwoven
*fabric as clained in any of clains 1 to 9, characterized in that the
fabric after the water jet splitting_gg@hsybsequent drying is enmboss 20
cal endered. 11. Nonwoven fabric as clai inany of clains 1 to 10,
characterized in thne vherimpedc after the water jet splitting is
additionally subjected to a 25 heat setting step and subsequently to a

t hernosetting step. 12. Nonwoven fabric as clainmed in any of clains | to
11, characterized in that ei e 30 inconpatible polyners
contain a permanently antis;ﬁ ] T r exanpl e carbon bl ack or
graphite, a polyner having 'mmﬂmm@ﬁm! ic character (for exanple a
pol y(am de- bl ock-et her) copofyner tor ma r having (senm) conductive 35
properties (for exanple a polyaniline or polyacetylene derivative). 13..
Nonwoven fabric as clainmed in any of clainms | to 12, characterized in.

that the supermcrofilanments are uncrinped. iinu~~mau~uui




