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affinity to absorb noisture so that sonme custoners nust bake each roll in
an oven to dr The duPpnt aamid PGBsateonade usingrthé connartional liswidjaisbprocesse nust

be exer Ck540A¥bvelweb production using a foraminous element, such as a wire. In order

to effectively make non-woven webs using aramid fibers by the liquid laid process,

duPont uses a blend of different length and diameter aramid fibers, some of which

15 may be fibrillated, in an attempt to produce versatile and entirely commercially

acceptable printed circuit boards. However there are numerous problems

associated with the water laid process of production of aramid non-woven sheets or
webs using conventional para aramid fibers (which are "straight”).

Conventional aramid printed circuit boards, and layers formed of non-woven

20 webs making up such boards, have a significant number of problems including the

inability to randomly disperse the aramid fibers as uniformly as customers would

like, and typically the aramid sheets are directional. This directionality creates

different co-efficients of thermal expansion in the machine direction and the cross-

machine direction in the finished product, and in tear characteristics relating to

25 saturating the sheet. Also such boards are difficult to handle and require a

significant amount of handling experience by customers, and they have an affinity to

absorb moisture so that some customers must bake each roll in an oven to drive off

humidity before it can be used. Also great care must be exercised during
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CONFI RVATI ON COPY WD 01122784 PCT/ FI1 00/00799 2 manufacturing to avoid
chain winkles, Jay flat, and other undesirable features which can be

i ntroduced during the form ng, cal endering, and rew ndi ng processes. Al so
there is aW@e’d&g‘f“zed problemwith electrically conductiv@CB&00/0e9¢ at e
contam nation, which reduces the electrical properties of the web
produced. 5 Accordlng to the present |Qvent|on a printed circuit board

| ayer, the printed circuit board per Se, and a nethod of producing printed
circuit boards, are provided which are advantageous conpared with

conventi onal aranid based and gl ass- based printed circuit boards.
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15 sheet may be made utilizing the foam process. The foam process is highly efficient
in handling fibers like acrylic fibers, allowing the formation of a much more uniform
web, and allowing fiber biending to a much better extent than webs produced by the
water laid process. Fiber blending may be particularly important in the production of
printed circuit board layers containing acrylic fibers. Conventional non-conductive
20 fillers (such as plastic or glass particles) can be incorporated in the foam and are
uniformly distributed in the final web produced. Also by using the foam process the
density of the fiber-containing webs or sheets produced may be much more closely
regulated than when the water laid process is utilized, other fibers such as aramid
and glass may be readily incorporated, and the entire formation process is less
25 expensive and more energy efficient.
Utilizing the invention, printed circuit boards, and layers for printed circuit
boards, may be produced containing at ieast 50% acrylic fiber, and preferably about
60-80% straight high tenacity acrylic fiber about 3-12 mm long with a diameter of
about 6-15 microns, and about 40-20% fibrillated acrylic fibers (i.e. pulp fibers).
30 Substantially 100% acrylic fiber boards and layers may be produced according to
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3 the invention, but there typically aill be at |east sone other
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15 electrically conductive circuit elements provided on or between at least one of the
substrate layers. Most printed circuit boards are made with between three to six
layers, although a significant number of boards are also made using seven to eight
layers, and there are also many boards made using nine or more layers. The pre-
preg material when used is entirely conventional, and typically is epoxy resin, and
20 the electrically conductive circuit elements are also completely conventional (as is
their positioning), typically comprising copper strips, wires, or deposits, or like
physical structures of other conductive materials such as silver. Typically the at
least one layer containing the acrylic fibers is produced by the foam process
(although it may be produced by the water laid process), and may have at least
25 about 90% by weight acrylic fibers prior to pre-preg. Each of the substrate layers
may have a density of about 0.1-1 grams per cubic centimeter prior to pre-preg, and
the board typically further comprises a plurality of electronic components (such as
computer chips, diodes, resistors, etc.) connected to the board substrate, and to the
electrically conductive circuit elements, using entirely conventional techniques.
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15 and the pre-preg formation of (f), and combining a layer from (c) with other
substantially electrically non-conductive layers as in (d), and providing the
electrically conductive circuit elements as recited in (e), as well as the securing of
{g), are also all conventional. Also there preferably are the further conventional
procedures of (h) mechanically acting on the board from (g); and (i) electrically and

20 physically connecting electronic components to the board from (h), and to the circuit
elements.

In the implementation of the invention (a) is preferably practiced by the foam
process. Also, (a) and (b) are typically practiced to produce a sheet or web having a
density of about 0.1-1 grams per cubic centimeter, and (a) is typically practiced

25 using about 40-20% fibrillated acrylic fibers (e.g. about 30%), and about 60-80%
straight high tenacity acrylic fibers. Either substantially no binder, or about 1-40% by
weight organic or inorganic non-conductive binder, may be used.

The substrates according to the invention, and produced according to the

method of the invention, are advantageous compared to the prior art. They have or
30 are:




In the inplenmentation of the invention (a) is preferably practiced by the
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sLower weight than glass fiber; and
«Good adhesion to impregnating resins typically used in laminate production.
It is the primary object of the present invention to produce acrylic fiber-
containing layers, and printed circuit boards formed from one or more of such layers,
15 which have enhanced utility and/or enhanced ease and reduced cost of production,
compared to conventional glass and aramid fiber-containing layers or boards. This
and other objects of the invention will become clear from an inspection of the

detailed description of the invention, and from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIGURE 1 is a schematic view illustrating an exemplary method according to
the present invention, resulting in the production of a printed circuit board,;
FIGURE 2 is an exploded schematic view of a circuit board according to the
present invention without electronic components mounted thereon; and
FIGURE 3 is a schematic representation of the practice of the foam process

25 utilizing the invention.



BRI EF DESCRI PTION OF THE DRAWNGS 20 FIGURE 1 is a schematic view
illustrating an exenplary nethod according to the present invention,
resulting in the production of a printed circuit board; FIGJRE 2 s an

expl oded s?ﬁ?equﬁ?sg view of a circuit board according to t¥fe/FIpHWOINnt

I nvention w thout el ectronic conponents nounted thereon; and FIGURE 3 is a .
schematic representation of the practigce of the foam process 25, utilizing
the invention. WD 01! 22784 PCT/ FI OO 00799 6 DETAILED DESCRI PTI ON OF THE
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acrylic fibers. The {pETAILED DESCRIPTION'CF THEIDRAWINGS/ention is the
production of a web or a sheet b preferably usling fhe foam process,
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The binder may comprise about 1%-40% (preferably less than 20%) by weight of a.

substantially electrically non-conductive organic binder. Examples of known binders
15 for that purpose are: epoxy, actylic, melamine formaldehyde, polyvinyl aicohol,
phenolics, or urethanes, and combinations thereof. Alternatively about 1-40%
inorganic binder, such as silica, may be used.
After web or sheet formation, the web or sheet is dried as indicated
schematically at 17 in FIGURE 1 using conventional drying equipment (such as a
20 drying oven), and the web is densified as indicated schematically at 18, e.g. using
conventional calendering rolls in a thermal calendering operation at a temperature
greater than 200°C and a pressure greater than 500 psi. Typically steps 11, 15 and
16, 17 and 18 will take place at one location, and then the final web or sheet
produced (if a web is produced it is wound using conventional techniques, and if
25 sheets are produced they are typically stacked for transport) is transported to
another location where the other conventional steps for printed circuit boardy
production take place.



conventional calendering rolls in a thermal cal endering operation at a
tenperature greater than 200C and a pressure greater than 500 psi.

Typi cal |y 1 15 and 16, 17 and 18 will take plac ocat i on,
and t hen Fﬁ; péna web or sheet produced (if a web is p%c%&g@&ﬁm% I s wound
usi ng conventional techniques, and if 25 sheets are produced they are
typically stacked for transport) is tyansported to another |ocation where
t he ot her conventional steps for printed circuit hoars/ production take

pl ace. WD 01/ 22784 PCT/ F100/ 00799 7 The webs or sheets produced by the
steps 11 and 15 through 18 typically have a density of between about 0.1-1
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i nternedi ate board nt S, IS cure In a conventi onal
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as 20 illustrated schenmati cal 24 1n - as 1s conventional,
e.g. variands phenelic) — are assembled together and cnrcunt elements added, as
schematically illustrated at 22. Circuit elements may be added in any conventional
15 manner {e.g. screen printing, cladding, mechanical laydown and attachment, etc.)
Then the layered intermediate board, with circuit elements, is cured in a
conventional manner as in a curing oven, as illustrated schematically at 23 in
FIGURE 1.
After curing at 23, the intermediate board is acted on mechanically -- as
20 illustrated schematically at 24 in FIGURE 1 -- as is conventional, e.g. various holes
being formed therein, shaping, shaving, texturing, enhancing exposure of circuit
elements, or the like. Then the electronic components are added - as schematically
illustrated at 25 in FIGURE 1 -- to produce the final circuit board illustrated
schematically at 26 in FIGURE 1. The electronic component addition step 25 is also
25 conventional, various electronic elements that are to be utilized on the final board 26
being mechanically connected to the board and electrically connected to each other
and/or circuit elements. '
The board 26, being only very schematically illustrated in FIGURE 1,
comprises the substrate 27 formed of multiple (typically between three and nine, but
30 most typically beiween three and six) layers, illustrated schematically at 28 in
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silver, Oforfudfiie CRENE Blentitits 200RFHIGH ke sﬂribs WireS! baldapeéusbbﬁ afseiridapy eof .

The elenents 29 connect el ectronic conponents t oget her, and connect” the
board 26 candachvadnatesak caichoBReFORRAS: @iverororopther canveational @@Tﬁs@ﬂ%t s.

FI GURR 1 ﬁ‘g{gﬁgpst ofagléa(dg lu#%e&f at-fie RSS! 89" UonhBitP leéﬁ‘o Eﬁ]efn‘?ﬁ‘, ke,

conponent's, €S or resistors or capaci ors
Any convehogetbuea,l and eonnecti thec boandn26tto a8 povwer snurd:e,ze‘ber rboards cm‘nemetlct ion -

the' 1 nverBrBRaLFrTARg S, EIGERE sEfe Bl Gy aayrie P Bhborty oS HEn 1
convent i cglattraniacomhpanentsy| as wdlices diodes loe resistoes oaﬂmnnerdmg,rmthe hke
Any conventional electronic components can be utilized in the construction of the
15 board 26 according to the invention.

The board 26 according to the invention will have better dimensional stability
in moisture than conventional aramid and glass boards, therefore can have higher
circuit density and is less susceptible to high frequency energy corruption. Also
because of a better co-efficient of thermal expansion, the board 26 can be expected

20 to have longer life than an otherwise conventional board, and is otherwise
advantageous as described above.

In the web formation step 11, the appropriate type and percentage of fibers
will be added to get the desired results, as described more fully with respect to
FIGURE 3. The fibers added at 12 are at least 50% by weight acrylic fibers.

25 Conventional straight and fibrillated (pulp) high tenacity acrylic fibers may be added -
- conventional fillers may also be utilized, as long as they are substantially
electrically non-conductive, such as known glass and plastic particulate fillers -- and
other fibers may be added..

FIGURE 2 schematically illustrates the board 26 before the mechanical

30 activity at 24 and the electrical component addition at 25 from FIGURE 1, showing
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non-woven webs according to the invention. Acrylic fibers are added to a

pul per 33caprging i@ the iBvetien: aAcrvinditgss are %ﬁﬂ?dp&@ Byipen 3Reflong Huih of
f bfer S bl 'l.le%@traHt hd WakdreaRd P&@%I?%‘Wér' ?ﬁgj' ePs, MR, bOfilfRYd. p?lﬁe déryflé €
preferably enaC| ty strai acr ers such'as polyacrylonitrile
fiber pr dibersaadQed toomllgella:i ane prefe@bg{ h:gartgnqpltysstmlgm@q:gyhprﬂbers such as
polyacrylonitrile fiber preferably from 3-12 mm in length and 6-15 microns in
15 diameter.

The foam slurry discharged from 33 is pumped by pump 34 to a line 35
leading to conventional mixer 36. From mixer 386 the slurry proceeds to conventional
web formation at 37. As is conventional, foam and liquid removed from 37 goes to
wire pit 38 and is recirculated by pump 39 to the mixer 38, the recirculated slurry

20 from wire pit 38 being mixed with the fiber slurry from pulper 33 in mixer 36.

Preferably the straight acrylic fibers from 33 are also mixed with acrylic pulp
(fibrillated) fibers too. This may be accomplished in several ways, such as the fwo
alternative (or complementary) ways shown in FIGURE 3.

Acrylic pulp fibers are added to pulper 41 with water, and preferably water

25 and surfactant, and then the slurry so formed is pumped by pump 42 to be refined in
a conventiona!l refiner or deflaker 43, or another device capable of applying high
shear to the acrylic pulp in the slurry.

From the high shear device 43 the slurry of fibrillated acryiic fibers may be
added directly to line 35 prior to mixer 36, so that the straight and fibrillated acrylic

30 fibers are uniformly dispersed prior to web formation. In addition, or alternatively,



15 diameter. The foamslurry discharged from33 is punped by punp 34 to a
line 35 |eading to conventional m xer 36. Fromm xer 36 the slurry
proceeds to conventional web formation at 37. As is conventional, foam and
liquid reW@ed2¥4om 37 goes to wire pit 38 and is recir EGFEROYOBY Hunp 39
to the mxer 36, the recirculated slurry 20 fromwre pit 38 being mxed -
with the fiber slurry frompul per 33 4g0 m xer 36. Preferably the straight
acrylic fibers from33 are also mxed with acrylic pulp (fibrillated)
fibers too. This may be acconplished in several ways, such as the two
alternative (or conplenentary) ways shown in FIGURE 3. Acrylic pulp fibers
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conventlolmlp33ef| ner or deflaker 43, or another device capable of applying
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35 prior toothe straight aciictfiners tto ccomprisegthe ahdeasttﬁQ%mruelu: fleery pragucko
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n the preferred enbodi 0 ea i b . are
added F o the At P28 Sﬁ?mgg%gée#qﬁﬁqﬁﬁg%c éﬂe?%%gd?b% 3gépﬁgg§i§'gcr ylic.
fiber proghers, wﬁclﬁ’b@l&ﬂiﬁd nTéKé tﬂﬁﬁbdﬁlﬁ@ﬁ% byWelgmroﬂhe:f irfdl penavivenaihest

20- 80% (pref erabl y about @ eé{j ﬁt%r" *Qﬁés ut 40- Oth
(preferabeWQ'bé@tbeSI?fWUF‘F‘b?f ixecywit y BY]@’ $ 20RRYRY'PhE
fibri{d at ST ftlers éﬁd)edb%uarswa% Wéfght@ﬁ‘r ani6’ uinuér [én bystic thprstreg

col l ectively make up _about 85% by ght or the final non-woven sheet or .
web to bepercentages]. afke npnwvmwe%sb&heqfompsyc%ngmad@%Qﬁoo\wefp'afdje%t er or

o by Top Bstedh g B umipattie 0 0o 0L PO L LYy e
wet laid or Inthe description provided above all ranges include all narrower ranges within -
a broad range. For example, about 1-40% by weight binder means 2-5%, 3-20%,
15 25-15%, and all other narrower ranges within the broad range.
it will thus be seen . that according to the present invention a highly
advantageous non-woven sheet or web for use in a printed circuit board
construction, a printed circuit board, and a method of producing a printed circuit
board, have been provided. While the invention has been herein shown and
20 described in what is presently conceived to be the most practical and preferred
embodiment thereof, it will be apparent to those of ordinary skill in the art that many
modifications may be made thereof within the scope of the invention, which scope is
to be accorded the broadest interpretation of the appended claims so as to

encompass all equivalent structures and methods.




f oam process, preferably the foam process. In the description provided
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what is presently conceived to be the nost pra red

enbodi nent thereof, it will be apparent to those o or di nary skill in the
art that many nodifications may be nade thereof within the scope of the
i nventi on, whWHAIASGLAIMED IS:he accorded the broadest interpretation of

t he appended clains so as to enconpass all equival ent structures and
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*CL MS T rinted circuit board conprising: a
plurality of ubst@ﬁfﬁ&ﬁ?“&%@&%ﬁ)'ﬁgﬁ'yghon conductive substrate |ayers; 5
at | east one afpigrality df&)abstanﬂ@nymleanegly rwm-wnd&m\w subjstiade layerspn- woven
| ayer _ includi n? fibers | east 50% b ht of said fiber

G %}(Wct?n

conpr Psi ng acAdleast Wﬁe'?fssa'éj éﬁV@r% cempFisiRg) rPGeac'?%‘UPYe'bfaé’ﬁb nts
provi ded n%?ucﬁﬁ% HBERE %daét 1SR B9 Wélghtséf' shic HBers’ eirfprishy§ EérylléL fibers; A

printed circuit board as recited in claim| wherein sai.d acrylic fibers
conpri se@d | east about 50% hi gh tenacity acrylic fibers from about 3-12 nm

long and frog (ﬁh?l‘.‘réﬁ I\é@ m&g\/g%&w é@nﬂén@ﬁnto‘%fded%n 6r BEtwabA%t fddsFohd o oar d

as recited in sal d ers’ conpri
said substrate layers.

10 2. A printed circuit board as recited in claim 1 wherein said acrylic fibers
comprise at least about 50% high tenacity acrylic fibers from about 3-12 mm long
and from about 6-15 microns in diameter.

3. A printed circuit board as recited in claim 2 wherein said fibers comprise
at least about 90% polyacrylonitrile fibers.

15 4. A printed circuit board as recited in claim 2 wherein the fibers of said non-
woven layer consist essentially of acrylic fibers.

5. A printed circuit board as recited in claim 1 wherein said non-woven layer
is substantially binder-free.

6. A printed circuit board as recited in claim 1 wherein said non-woven layer
20 includes an organic or inorganic binder comprising between about 1-40% by weight
of said non-woven layer.

7. A printed circuit board as recited in claim 1 wherein said non-woven layer
comprises a mixture of straight and fibrillated acrylic fibers.



at | east about 90% pol yacrylonitrile fibers. 15 4. A printed circuit board
as recited in claim?2 wherein the fibers of said non- woven l-ayer consi st
essentially of acrylic fibers. 5. Aprinted circuit boarq, bEdohdo€d i N
clai m 1 wh¥PHA2784i 4 non- woven | ayer i substantially binder-free. 6. A

printed circuit board as recited in claim!] ' Ld non-woven | ayer
20 includes an organic or inorganic binder co m’@”ﬁ' H'ILabout 1-40%
by wei ght of said non-woven layer. 7. A prin LC Uy ¥ as recited

in claiml wherein said non-woven |ayer conprises a mxture of straight
and fibrillated acrylic fibers. WO 01/22784 PCT/ FI 00100799 12

wherei n sai on-woven bayver includes, at ! % i ght other fibers
besi des aaéilﬂff%? qtﬁ%ﬁgo@gy ﬂelﬂhfﬂﬁgﬁﬁe?ﬁscd.ﬁ%faseﬁé%c%e&gci ted inclaiml
wherein said non-woven | ayer includes at |east 10% by wei ght materi al
conpr idSi nlg OP?g.OrA prnted (birc#li:t Ed'aﬂlé?s" pesited :iri BRIm 3 \?ﬁébrﬁﬁﬁaid nagavmépflhk&(rj&
aram d pulp fibers, mcro fiberglass, polyester fibers, opt rids,
BEN 11 bor Hiciies ati6Rst0% kY WeIRIR snataiiel COMBTBINGLONS Biamete auRl parialios
Circulh DABifhis, aRémid®fbbi, Clraini puld Siberd) Fkird MRSIIEY.CRokBURY fiehs,
produced Dby e foamprocess. 11. printed circuit board as recited in

clai m 10 BuBost fibrids, PENfibers,/BAS fibers, MR fibers, archphenalig fibgrs: her mal
cal endering at a tenperature over 200C and a pressure of greater than 500

psi. 12. A pringge | ' s [; |l Ak 7 I, [
non-woven | aye?b' 2‘%&%3@"@% dggré@%dts'ﬁ (r%zli%"ghfw lle%g} ssﬂigﬁlgﬁzgqv%g%yegﬂ ned
fibrillat edprodbesd by fHe foAnppriosessi circuit board as recited in claim2
further conprising a plurality 15 of electronic conponents nounted on or
? gt \Q’S?S 2} rl:ﬁ? %egwe.ofg'sc?gcg“%%%s ra\%tr%citéfl n rcair%n‘ijo %Jh%(f’etirq's%% lnién-cm?or\]rrcl.ﬁCt ed .
10 layer is densified by thermal calendering at a temperature over 200°C and a

pressure of greater than 500 psi.

12. A printed circuit board as recited in claim 7 wherein said non-woven layer
comprises about 60-80% straight fibers and 40-20% refined fibrillated fibers.

13. A printed circuit board as recited in claim 2 further comprising a plurality
15 of electronic components mounted on or between at least one of said substrate

layers and electrically connected to said circuit elements.

14. A method of producing a printed circuit board comprising:
(a) producing a non-woven sheet or web comprising at least 50% by weight
acrylic fibers and the balance at least one of substantially electrically non-conductive
20 fibers, filler, and binder;
(b) densifying the sheet or web from (a);
(c) forming a printed circuit board layer using the sheet or web from (b);
(d) combining the layer from (c) with other substantially electrically non-

conductive layers; and
25 (e) providing electrically conductive circuit elements on or between at least

one of the layers from (c).




14. A nmethod of producing a printed circuit board conprising: (a) producing
a non-woven sheet or web conprising at |east 50% by weight acrylic fibers

and the b t least one of substantiall y electricall ductive
20 fi ber S@anqlfzﬁ-g; .and bi nder, (b) den fy| ng the sheet 5& m"@gm (a);

(c) form ng a pn ard Iayer usi ng the sheet or web from (b);
(d) conbi ni ng t’rmmﬁﬂ m Hﬁ! Eil with other substantially electrically non-
conductive | aye oviding electrically conductive circuit

el ements on or between at |east one of the layers from(c). WO 01/22784
PCT/ FI 0/ 00799 13 IIJIiiiiiiiiiIIIIII111131IIIIIILNlS.Arrethod

as recited in claim 14 wherein (a) is practiced by using a m xture of both
fibrillated arié. & maéthhd amrgdlﬁed ihi tains . 141 Whefeinga) @sl practicedi by dsing &/ ai m

15 wherein. d usi xt ure of about 60-80% straight
fibers, 5‘@%8@%@@@@ EH]qy?t ﬂ%‘ﬂ"ﬁ@’?ﬁ hat may 5 have been refined.
17. A nethod as recited in claim 14 wherein (b) is practiced by thernal

cal enderi ng at16a A NSRoa a8 Fecifed Thedhmh @%e@ﬁ’%ﬁ?‘éﬂ Ip??]difcsas%‘ﬁsﬁ greater

than 500 psi. A nmethod as recited in claim 14 er cormpris (1),
bet ween ("E!")“Uéiﬂ @f ahzeut(fig 80%oﬁtml9i§ fipeps, @ngrabgut 48:20% Ebrillajed fibérs toat mgy
|npre@natﬁagggeg§réﬁ,y@d wth resin; and (g), after (e), of curing the

pre-preg to produce printed circuit board. 19. A nethod as recited in
claim 14 wherein (a) is practiced using polyacrylonitrile fibers from
about 3-12 nmilforfy method rasnreditedt incelain m&mgselhr(b)dsmmtﬂced Byb thdmaf

met hod a%a!]eg'uglphﬁg at 3 tehipefatdre §ele} thah 2oB-@'35"4 B?e%sal%bg grg%’ltearltlwgn

Wi t hout DI
500 psi.

18. A method as recited in claim 14 further comprising (f), between (c) and
10  (d), forming a pre-preg from the layer of (c) by impregnating the layer with resin; and
(9), aﬂer (e), of curing the pre-preg to produce a printed circuit board.

19. A method as recited in claim 14 wherein (a) is practiced using
polyacrylonitrile fibers from about 3-12 mm long and from about 6-15 microns in
diameter.

15 20. A method as recited in claim 19 wherein (a) is practiced substantially
without binder.

21. A method as recited in claim 19 wherein (a) is practiced using 1-40% by
weight organic or inorganic binder.

22. A method as recited in claim 14 wherein (a) and (b) are practiced to
20 produce a sheet or web having a density of .1-1 g/cm®, and wherein (a) is practiced
by the foam process using a slurry having a solids consistency of at least about 5%

23. A method as recited in claim 14 wherein (a) is practiced by the foam
process.
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21. A nmethod as recited in claim19 wherein (a) is practiced using 1-40% by
wei ght organic or inorganic binder. 22. A nethod as recited i-n claim 14
wherein (a) and (b) are practiced to 20 produce a sheet or web ‘having a
density ofwop1/22784 cn8, and wherein (a) |s practiced by tREE/FIMYr ocess
using a slurry having a solids consistddcy of at Teast about 5% 23. A

method as recited in claimi14 wherein (a) | s m M&muﬂm)nl] f oam
process. WD 01/22784 PCTI FI 00/00799 14 * ven sheet or
web conprising at |east 50% by wei ght acryl [ c fi bers " and any bal ance
substantiall'y electrlcally non- conductlve fibers or f|IIer or binder, or

conbi nati ons t hgr Sk, dm 24

conpri si ng abogfg - ﬁst raig t acr ﬁ'?hsﬁébée{ﬁgaﬂn (}{J %:k/@

fibrillat ﬁbemcrqndl any |b|alar@e s&lbstaﬂtlaﬂmemvmallys m\eetconduc(wle filsers eari filled orn

claim 24 eet is substantially devoid of binder. 27.
iR 3 s Sheredf

A non-wov or we ted in claim24 wherein said web or sheet
has been conpressed so that it has a density of about .1-1 g/cnB. 10 28. A
non-woven sheeP50A nerbwasen sheéteor wab Gsaietitst!ind clainh 224 cw?rl irg AboutagpRut

1% 40%, by I ght. of a substantially el rical l onductive organic or
i nor gani cBW%%'QMZ@MEQ%SFEm%oé@g&%ﬂﬂ@eé§ Bﬁﬁ’%‘ﬁ in claim25
conprising at |east about 90% acrylic fibers. 15 30. A non-woven web or

sheet as recitgg Annaﬂ-%%ﬂéhé&eaﬁwabtéserefcu ) fnhEF‘élﬁ sﬁrdewégfdrned

31. A non-woven web or sheet as recited in claim?24 ereln t

sheet is ghert ipgubstantinlly deyoidiof binsiesss.

27. A non-woven sheet or web as recited in claim 24 wherein said web or
sheet has been compressed so that it has a density of about .1-1 g/em?®.

10 28. A non-woven sheet or web as recited in claim 24 further comprising
about 1%-40% by weight of a substantially electrically non-conductive organic or
inorganic binder. ' '

29. A non-woven sheet or web as recited in claim 25 comprising at least
about 90% acrylic fibers.

15
30. A non-woven web or sheet as recited in claim 25 wherein the fibrillated

fibers are refined.

31. A non-woven web or sheet as recited in claim 24 wherein the web or
20 sheet is made by the non-woven process.



