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PR EEEr e ererrr el BACKGROUND OF THE | NVENTION 1. Field off'
the | nvenyb®Bose4INi S i nvention relates to a non-woven sheeCTiusai/4gsnel udes
aram d floc. Such sheets nay be inpregnated with a resin and used as a
substrate for a printed wring board or other conposite structures. 2.
Description of the Related Art It is known in the art to use non-woven
aram d sheets as substrates for printed wiring boards or other conposite
structures. These sheets agenURORLNYSHERT eg ks tiacresi n and hade into
| am nates that have a | ow coefficient of thermal expansion and @wwﬂmm{mﬂmﬂm
used in printed wring boards. Non-woven aram d sheets can be p

wet paper maki ng technol ogy Ipg k&R 0F0 $8EC i W h t he ar am d+dodoler s.
US Patent 5,314,742 disclosés a non-woven aramd sheet that is prepared
from 75 to 95 mei ghitelgeraferthepdnareataond fl oc and from5 to 25 wei ght
spercent pol y(m phenyl eﬂ,ﬁé S Oq,{n%q_) ddPrd ? ds no S R tsh%e?tZ?’ 094

di scl oses a non-woven aram'd shee & om t per cent

pol yp- pheny| efdiaterigphiusgsamrdaic (£3eC -f r Swch ﬁ@%@s\/\magrh €per cent

pol y(m pheny! eng,ipitdhafe) Addin dha aRed aaMa0 sudstTatel ghr Rer cent

of quartz fiber.” I i both of these patents, the disclosed fibrids act as a
bi nder during le\"@tr%ipéflrf‘d’rgmk}?&rﬁlr (96-"e§’§ s COTPGT tF §EEUSERTEFscl oses hi gh
density para-aram d papers that contain short para-aramd fibers sel ected
fromthe group c isti.ng .of p a Ip ara-aram d floc and m xtures
t hereof. The %a‘pe CoA onfr?mé% rﬂegba@é gI?' percent of a binder of

wat er di spersible pol yIﬁerm: knover (il Shey artariad Ysehmags woMens aramsig

teaches that té}fe | ndey subs\@}aoc?ésoﬁ%lJQIPGE/el&S%/A%@%JH%aéD%Ior&H&d when
bat ch nmet hods of paper preparation are“used. However, § identified

as such, the ROERQFHR FHHGFWES adhess meets, at’f}‘?eé’e'5 5 The

bi nder in the ngrdsaiedeiadls dasainethd madee maamfﬂrmte&r thaef er ences
is an inpurity that acts nostly .as ac%ﬁfq%t ir}]the sheet wh%;t%‘h t sheet is
i mpr egnat ed arﬂ?“(%&l LRI TRY O HRETRS FERAER" S der used
in the papernedq-agmﬁd)c:esxmmtaedlﬁvmr@shdaarc‘mructure depends on t he type

and quantity of bi nder %E\POV&?tafﬂp]ﬂf ?aé rE’arPrB)é)Sﬁ@th@é@ sSuch a

bi nder include | ow physic and ani cal propertie are to ar am d
floc, higher rpapexmakisdrethnmlomndpotricld Mearipus h % aglthrurt her,

such a bi nder éée%mmeﬂﬁéf‘sw tihs o ditt &, axitd o beikansyad d floc and
a primary binder, such as an ep A qﬁlmde or othcﬁefrem used in a

lanminate in a ROAPERYSR %’t"'i“ﬂk‘hﬁ det REERAT h R i d1°
mechani cal pr Q@@iéhESp@fcérttatpWrﬁﬁi st iraec tarrde . £ 200 |5 tche Svaweifaiot ur e of

a non-woven sheet K et y wet - | ay
form ng proces% ?—%%v%?ly?'ﬁ%é%f%%ﬁ %ﬁ%{aﬁgﬁlﬁ f]lrﬁdl\?\}gtjh ow nodul us
fibers. For expapémt LS2FH094, mmw@mqm\eﬁmwd@ gftoduci ng

highly 25 absogbgat £ pgR- 4oVED Py Weig ﬂ@ypéfﬁéaewpm}‘ Wiene
hydr oent angl i ng ereln the non-woven_ consi sts of d@roﬁ% ene, nylon, or

pol yester fi be?%reﬁlh'élh@\bﬁa‘ﬂlﬁ%ﬂ pEiRC a Hromet . EHetLtWR SWven sheets
made from ar ar@él?@mfpﬁéﬁﬁléﬁ@tlé‘@metmmiwr ORIt i £oaithviErdieen tmde

only by dry- Iald r pcesses.

t hese heet h v i cant
di recti onal i t y3°n¥&hgRG E?’éﬁ??? c%ﬁtq‘ﬁ’ftf%r% T | M ‘ra%ngéi%sdk%‘gf%e nmachi ne
and cross direpatensspfthbedibebtsed Bbbifids maﬂ)laasrsalbllnd*%r pIENGrt are

over cone by thEh8r§§§Q£ kgyﬁmgoﬁgrgﬁ@gse the sheet in the wet-lay or

paper maki ng pr oces S esse ee of _binders used in the papermnmaking
process. Al so, the wetUBaPataBh- @D@%ﬁ 3h2cfisghase? olleh sAfREEEYisi ng t hat

.hon-woven 40 shgeb.a2hRi8M8 éf@”tl&@@ é@ﬂ@éiﬂesl(ﬁiftecpﬁr@fafmﬂdlg a- 2
WO 021 059411 /USOl/4 574 Eder gresent in the, non-wov sheet. The
n

~inventive sheef1R8YSHECGAFEENFEAYI ERE AR %?ﬁ%?%ﬁl?% ? aC)’f/ae'the

_physi cal propeatramiédopulpe phestaradmid floc and mixtures thereof.
The paper contains from 5 to 25 weight percent of a
binder of water dispersible polymeric materials or
aramid fibrids. This patent teaches that the blnder

A
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SUMMARY COF THE | NVENTI ON The present invention relates to a wet-laid
non-woven sheet of essentially binder-free aramd floc, wherein the aram d
floc i nclywgesoes1d east 25 percent by 10 wei ght of para- ar aorasti/@s7doased on

brocess fox. miR¥ngea REEEa,RERs BRECR Iy CBORBePrr PAESr RRCHCF B¢ uher ei n
the aram d fl ere msleddes Hatvelveast w3 lgenoentiidentifindi gt sukhpataear ami d
floc based on e Lobah PVghaB! 2k eA63Mh0plihAE-00kY cnlkedpableBari ng an

aqueous di spe|p5| on 0 . 08 wei ght percent of esSentially
bi nderfreeSaram d fl oThehdrindes ddeshst nosasoven sheess depoxdibgist of

para-aram d fliQCeHe) BRHE BEildhe aditsS pRIFirance@ qiBt and imPukigySenaen in a
‘paper maki ng nachine; ¢) V\nthdr%v&m rég v,vateE"Ffr?\%':the aqu %s dbs ersion to
| eave a wet n@FtFoWOFtly @s gnhdedect yindheng wh&? i PEFEToASt he
supportive scriggirdomatRite andsieed efs @ssabisicablty .bi mHier negaeiaed pul p-free
raramd floc. The 25 sheet ,may. he hydrqen g faore O frer i ng
dried. Furt herl,mptaﬁg‘ é#ge?t bﬁﬁ%leﬁeuhs}ét%- gg’l t&%’%ekgge:}gla?{ﬁg e Sr%c%.gg ? r%ngt h,
whet her 010 notcanipats isiee et et uxee deipeadse Pna hdice ¢ YPS0 aDET AMBEDILFSERI PTI ON
The present i ny éxorﬁs%),v'ﬂigé i déH&rr%\ie@_h‘éebﬂow@m@%a%\éanb@h%ﬁbht hat is
s a e

useful, for exanple, a substrate for, printed circuit Rhoards.

. . h

nonwoven sheeta ibingafe imdmds daw Bhysd cadd angd FeSchiiigdily PTOREILies of
bi nders such agnpdded fidrddmid fRier Migrer sidilst uel Wscrptiangri al s. The
non-woven sheet |s nade in a w%;-l ai d non-vvov%n [ OCEeSS. gotai ?)ri%l |e¥:' t he
non- woven sheé® %@%}Q}e&é‘}ﬁ RHBE e Se SMEAF e FESTg % O ur t her
t he non-wogen chedintenfdre with the\drE2E534bh RPETMESD] a4eEif floc
hot - cal ender ed,_ JThe eef A i W r esyiR,+ be forned

e SRR MRRIN UL Lrddbody | R TRY

into a lam nataenq or “use I'nal’ conposite structure such as a printed
circuit 5 wiriotheoaresint ysedutprd diafindi® dieHpsamBPst& essential ly

bi nder-free pa@madamd, fhitton Wddhdsdpive iy dieth 10t jeetiaed daq ot her
treatnment, can be used to mmake a wet-laid sheet having sufficient strength
to be 10 procdERETeF RbdHaGWPIENT - ZH7FHES be wound up in a roll .
Al so, it sgrprising anth uflexpeaiefhdthate sofhon-vaverowsn tiests, isucks as a
sheet, nmade fromrelatiyve short .para- ) - 1 an be
successful |y H%‘?‘géntt%r@f%%‘?er}k FHh&E |e2é(?03“egréeoi%§‘ %Sl't%htg@aaﬁ essential ly
bi nder - free arformishautoasss be Rhwens c dihe hyidroaptansdng i mged

cal endering preRsSys éy NOS RN Gelndis | o WK QIS a better

uniformty than sim[ar sheet nade usi ncg bi nders_in the papernaking

process. Further903.k4¢ deoerrikas adetrnd R HMIMINDHIHEHYani d floc to
the inpregrat i QP SEEENOT ndHEWIHFAECESS et - e g dnithp ffd IadweaDmosi t e
structure that includes tfe irr‘ﬁ}r:lexgnate nonwoven sheet. .dhe term™floc”, as
used herein, nERHECFHRRILLRI (WAFT XD PO gt n that i s
customari ly uspdlyprépelaiepanylonn of melyestiar shidetrss, Suvh Wdast has a
specific surfa§§l reg 9fylg8s - than one square nmeter per gram Aramd floc
is made by cut m‘él continuous aram d fibers, such as those prepared by
processes descri bed 30HeretPEoreat el -we¥en sheatospadsy fxam aganid 767 756,
ol yarm de 2, bt o e o or T he o e (oM b L) nkages, 5

pol yam de fi ber, erei.n a as 0 0 e (- i.n es are
attached di rec?ﬂﬂtBYt%Y?,gah‘goﬂ’é??%s'??%gshpe'ﬂ!%r)%‘?]fvésh%%% %%e%tsse%? h the
aranm d, and ithhassbgepfieant dheéctponal dsy nuedamsng 0s pgmiditamy wei ght of
ot her polynerig,paterial _can e 1 1.050 t copol yners
can be used ha@?‘ggeﬁgnﬁﬁghl%sgﬁﬁgllﬁgggeg?V\%}%Qor%%%%?garﬁ\eégﬁ stituted for
40 the di am nedbtechiéonsanfdtbe ake@tich as 10 percent of - 4

35 The problems in the prior art are overcome by
the present invention because the sheet in the wet-lay
or papermaking process is essentially free of binders
used in the papermaking process. Also, the wet-laid
non-woven sheet, and products made using that non-woven

40 sheet, are free from the negative effects of having a
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WO 02/ 059411 PCT/ USO1/ 49574 ot her diacid chloride substituted for the
diacid chloride of the aram d. Para-aram d polyners are the primry

pol yner s wo obofais used to nmake the floc of 5 this inventpomuanr4dosrs

pol yp- phenyl e rephth e PR-.T) h fer d

Vot A aram o PRBPEEnRy S4RED 38° bhErRoblyklep,'SnBEE . ¥ HRE, RRUSRELRE T,

pol y(m phenyl sheertsmpm bel hydadeppiRpalEd gnﬂhsaéﬁéﬂerﬁédt@ewpa@am d. 10
The term "fi bgids} gcléq_e rg?@et@esnganghgegyleggall nongranul ar, fibrous
or filmlike partrp | east one of their three dinensions being of
m nor magn®tude rel atlve to the | argest di nmension. These particles are
prepared by precipitation of SnaARY oM Mdmi c material using a
«non-sol vent under high shear. The term"aramd fibrids", as used herein,
means non-granul ar fi|The ideeseatt ilaventsonaredates 56l paiede 1addi ng a

mel ting point o %%W%ﬂefe'toprels@bnelaamyS%Qﬁdeléherfebba&aﬁuaamcen
-average length of 0.2 to 1 20 mmw th hgggth to-wi dth asgﬁaﬁerat o of 5:1

to 10:1. The MhegrRASsEhs ﬁé’ﬁg‘ilénleCOFrnF Pd8F dPagtt A3c BF &Yni cron.
Such aramg fhﬂé&lgtﬂﬁ: otfe&ﬁrr% aeand ddfiled, basedbenuske wetadndedghtbef
deposited as a b| n phcy5| (‘lal |y entwi ned about the aram d fl oc conponent
of 25 a paper 2 , as used herein, neans cellul ose fibers or
fibrillated rrade rrade 'thebelrrsrenmcuh 2 mefliated 6o subreses® tfersone ot her
speci al treat pegt; tr%b ¥ e %ts‘:‘s‘xi_nt-EQQIé;e'b'I‘nd%&a'f'r@ep'dEﬁmléof'.‘[%%”s ar an d

mat eri al havin nmostly attached to fiber "trunks” but al so
unatt ached. ThReradsk qf@ @éﬁérlﬂ |f9'°€0|ll§1ﬁ;llr egndtald63e 165t HEFFREcPENs in

di aneter 89d LA drtIdd pafee diainid iR ITRERRES onlthea thitadt werigbk @£ni Cron

or a few mcrons I’E’e%ﬁ anet er, 35 attached to.the tnr Iﬁeand %bout :15905-10 100

ni crons | ong. 2H® oG L0 Y P PRERAT g Al REUTSRE Teans

t hat any bi ndeyf fo.@os umparamlmmggl—m pegsentr @sferetsaemlttlraélr}pmlmr’r sheet

is present in an anpunt. r.C pref t han 40

2 wei ght per céftoc raé“lp‘{re ra&%tﬁ e‘gf;d]%@teso%t q‘Q’E‘nt 2 %requ% / 059N11

PCTI usorlN957wqagm-emﬁ ;mcammlp} éflefablw @qné”:gm ther ddfp

per cent aggg &é@%ﬁ%\ﬂﬁrg - dedf 6.*Ln ‘&e';ﬂﬁexofma@dlﬂ@ermafd}ﬁfi‘lea Qaperrrakr ng
fl'oc on The

process an termb b| nder “from a(gpa er - rrakl ocess as

used herein, rY@éﬂsd#a}"b‘rriﬁﬂé”atrﬁH Fromtds RRIssus, sd'oﬁ’at aé’et hat are
typically usecg twe himsh fudans falget aid id) apaper trmdﬂmag; pmm—emsreri n the

maki ng of pap or sheets from ar a aramd flo feen the
practice to |o{‘?]ch|‘?}h n%‘gr%o’{)t SAFSTha t%he paper efec&tr;ers adhere
t oget her to yleasimbmt:sdnb]at hifn Geoe-efateseh | aandh ey tir een chdamishrikoe . ASThen

al ternatiye, r cTeT=0N MU ihd nst ead of
m dé{arﬁap}al S rlgh ne l'?lrids nanylrgflquprr ﬁgﬁsﬂ&\%md ch Fre bel i eved

floc. Para ara

15 to act as hiz@@cgor Fuskherer £he Eﬁtﬁ% MRyt %Y@ es in the
paper and pr ovw@réarré@g{té Yat¥eridten f iwhedrasr warotsrtaett JShddgr thgs cal |y has
a specific surface a a of fr%lr%g to 15 square nmeters per gram Wth the

i nvention, thel?%eIFsh PP e a binder in 20 the wet-lay process and
is preferred to not use a binder for the reasons nentioned above. However,
while the_resultant product is BRrA3iE OpgschepyIof@! | amounts of binder
may be uséd within the wei ght ra'n'g'era%ove—ro—rm‘%‘t non-woven sheet of
the invention. 25 Pol y'm&él§rds§@er£ﬁ1ﬂéﬁtD®npﬁsm\ﬁs&emgaml spooved her

olyneric add|t|ve ich could b use th C i nprove
I[s)hegt uni f or mi Y§&~ f%% cRORRECY R te¢& orsea%%é o‘%:ﬁgr%ﬁr%g%‘ Peevrenri

t hough such rmaeraaésbaa:yat\av’éonscpmmnerﬂlm@i@c@oardﬁr r Pre men- 30
pur pose is not 3? ,?h Q@rlgb % P%r?r&rérﬁféefi@éeéﬁ@ﬁsaé@sél%lammed
0 I nder’s

in the meaning erm rom a - paper neKi 8 process". Wet-|ay
non- woven %heefsean@fphp@ﬁ%rﬁa’él‘échr%?nﬁ‘ﬂaﬁn df #retdsere ¥R until now, nmde

using essentiajl yp é?sk)bméelib ﬂéarrrweﬂ@Ls becmmézheﬁ@vmsmaeéxel i ef
that a fl oc-onl et .woul d no

i | d toget her_and woul @ I% H}ength and
‘integrity. 8urb¥|‘§ﬁ § ¥ AtWRGs %b‘g MPRF T RE*CHEFR i s n](')%g%

cohesi veness i thehgopaweaeansheét omaynbaehy@ndemtynshe@tbeforme
acceptabl e 40 nep-woygn, Sh§eigq. TNRLFLRLE, the! RoRONSYOhCshleP! REVCE: - 6



WO 02/ 059411 PCT/ USOL/ 4957=4 a continuous wet-lay non-woven sheet from
essentially binder-free aramd floc only using known sheet-form ng

appar at usge oa/shssupporting screens in the drying 5 secti opcefusal/gaper maki ng
machi ne. A fURLRCLSULBRLSHNO Th8ULheRE hBF bBYERbI-8GnkFeBNGL AN ar am d
non-woven sheet nmade frompara-aram.d floc; which i1s™inherently relatively
short, can bersgdsessfiumpy kedfosmedndgnte. aAlapipatsufpri YPAginedult 10 is

a dramatic ingrease BhnpbBgral 6eRUERUSE Buvs! aEaEdFBQﬂt\é@VEErébﬁﬁt made from
essentially binder-free paraaram d when that sheet has been subjected to a

hot cal enderi Wd¥pnGc®98F%het her or not that sheet has been hydroent angl ed.
Until now, there was athdld euripidising idnd snecpestady thathave a bi nder
«present in the sheet, i.n _order. to increase the Str th of tzlaj

non- woven she&ssﬁé’%éaflﬁé'nﬁﬁéﬁdg}’ét%ﬁledpﬁlgéaﬁsrgmllfi \%ggcbefqﬁg\?}@ﬁ@t HSE‘hghe

bi nder, when seffjisededrt subjectied tal otberi hyeptoeass, cerhbbi uegdato _
‘reversible transidt 00k amid splekd AQviAg2stekh cibage seRdnlaakebopa solid

that fixed the densified structure and i ncreased the strength of, the sheet.
The preseil | ProQeEsed oy Seped -Fagkdngs BarPizne ¢ndi §ePef WaENGet P ai d
non-woven shegin 25 x@AMNI | Y1k ,anaNsdrbraeinghand nnekeearad dhhkoa i ncl udes

at least 25 percent b ight of para-aram.d fl oc based q@n the total weight
of aramd flo@oé’ﬁl“?.v%r gﬁé&‘&%lvet'héugpaﬁisdaf Isg‘@eg(bnfnﬁl s%§PmI east 50

percent by weirghliat iard ynehertr pheraabrpmitl fdast (351Bemgentabyb80 wei ght,
and moStpref of AR IR 1RGN RE AN AR . A0l RRERLAMIMCAVRLC ! T | eSS
i g 0 ramd flocC , resultin

than 25 percenstu Yy We S para-a I'sS use the S g sheet
wi |l not have thatf izl @ssentieddyhbiadex -frece s3adich shegspeprakeng nachi ne.

35 The remai nigiy A 1 @t rdehgehrhewabhy smlcdacalienderty pewevss..
dependi ng on the fi nalr%\%)cg{]l cation _of the non-woven sheet, Qi}h%rs fal oc can

be used in conbinatio TR sheeh o TV SR B Frpe L

pol ypr opyl ene bedate sirgif cxmiayotdhan 40 stilvdrlanplsheleitc mbldec usdngbe added to
the para-aram.d floc . 02/.059411 .PCT/ 95 e _nyention to
produce, for s lé'hﬁgéed BRSS! rlggtp#(?gge%éét %.?lﬁ%%leﬁrrgl E:u%}/l %r ocess. |If
the floc 2ocl whestonieldvems estienftdrddly Pures amamiddiftliagn tico thepar a- ar ami d

10, the A analo dli06s g WA pdch dds 3R R & gasgiel orably

in an aqueous sion. e araamd floc used in"thé invéntion has an
aver age | engt [r@Pasidin Ftasickaing (Hhate d@cd udgethea fMPregnetss Sons g
mllinmeters. Thadiprenedram d floc is straight floc obtained by cutting
aram d fiber or yarn wthout any further refi ikgeg:o.r other fidrillating

\ ki
treatment of the floc. %% inpel Fri8f'a DR B dEF R RS st rai ght
fl oc and psed timtredase tdier o reorshemtel esigedt $haft tilee dustemtaraly useds

preferred that, r.am i At 4 wei r f
straight floc %rgglglngé%}%;ﬂaeJ%%foar} QD\(/:E\;ei gett q&lcgfs?{aeleﬁ' f I%?haﬁogf?%psg(? floc
only. There isspeeifig tsuifRreomuask aledafis ShahOP SHHEE FECEHORET shape
of the fiber inghgnfd oo {dinaddWhtdutitinthedmiidwiuvdé sheaticof the

i nventi on may be nmade by any known process r wet-lay formng, nwoven
sheet. Howeverfikgrs hes%-%\é}f‘f’%é’é‘?eﬁ% Hﬁqcéedys’iess ﬁ%}scﬂ%}%«]ﬁ%m angl ed
before thgoshept wssdrpgtentt s a SUEBOrddag BAFLNIs, BeCESaS6, n the

dryi ng stage of C . An exanpl e of such a process for naking the
‘sheet of the i?ﬁ‘/‘%§1 %é]&‘iﬁ:f'udes t he stegghof 30 a) preparing an aqueous

di spersi on of 0.005 toTle OBewei tiwaped ceient, e3saimed| hsroimdareanee
aramd floc t hﬁfoh%@i%%l%mi@@%iﬁér,pEiJKé‘inrPYaﬁNeléHHt HsPpy@-tHean d
e

mmchi ne. C). i AR S ROV br | PRI SR RORSIR S Jr it ¢F SR 8 wet -
_non-wovenakel tarémltic rings. Additives can be used with the aramid,

and it has been found that up to as much as 10 percent

by weight of other polymeric material can be blended

with the aramid or that copolymers can be used having

as much as 10 percent of other diamine substituted for

40 the diamine of the aramid or as much as 10 percent of
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d) drying the wet paper felt on a supporting screen to make a sheet of
essentially binder-free 40 aramd floc. - 8 WO 02/ 059411 PCT/ USQL/ 49574

Opt i onal o ot/b®4non- woven sheet may be hydroentangl ed bef ecesovslster being
dried. Hydrog ﬁé@'amcmsgﬁiéﬂ&e%mti@a@e@%fﬂoﬁ{&fge@f g5 of aramd

floc that exhibits an increase in density and strength conpared to a
wet -1 ai d non-Gbe¥idecef thataraBidor PR IARLRMR %S Fffe the

hydr oent angl | pgim&yy bﬁo é@éﬂhd M@mw&dmlmm@meﬁloéwﬁ as is '
di scl osed |r1é%% Pat g %f qﬁ tgﬁt of which 10 is hereby

i ncor por afed l?e*%Y%ﬂﬁkonﬁén POHY HRTPISRY L t he wet-1aid non-woven
sheet may be h@tephthmnembde)%hpth)enmsthe)pmef&mmqﬁxp&xha&mhm&@nificant

‘norease in U SLLEOLR PlodDs M80-ADYEN S Noeda ofn AR A 4L ofe e

cal endering 1 erature can be prefera Iy fFOm 240 to
380C. It is pmvemtwntmd pchbyémemhemolw hibgopkit keavkrRmde § 1PD-1)

+hydroent angl efls Pnk éPé§3f§e@0ﬁe@aI§¥&m{§nEnt The wet-1laid non-woven sheet
can be 20 i npregnated mnth resin such epoxg gg% i m de, ~ phenolic,

siliconel%r other, of EoﬁﬁFﬁaffbhgl@ﬁere%? uges nty erfE3RE| VBFScesses
to nmake a prepn&Yl, Thénprentiegr ¢ apibheuws ber nBilbm+ ilee 6péﬁtﬂidﬂbé§ wibt g
conventi onal ocessges. These es can 25 | W fing boards
or other co %é f%ag rﬁ ?u?estﬁﬁﬁe arant +%§5%é§§§|s Off %?@f

i nventi on, |nmaQULtuda relat avie dt 6| the alaryests dimﬂnsnwmngﬂﬂhQEﬂcent of a

bi nder from 61.59@9@&1'@5' Qgep{;%ﬁéEedC@}P %ﬂ@é Holee A1 40 8P yeh gty P& cent

filler and O to 30 ercent ‘ot'her conponents. The flllers can be
i nor gani &5mat @fi BPLYBEERC @aﬁﬁﬁ%%%ab%%%% AP SQ%Y%ntc%?%%ﬁ higl the 1ike.

The other conpragpt sTRantedkl ugdeapidefibird@ss, sschsas wéﬁéﬁnilrb@éﬁs or
ceramc fibers, and th essenti

| i ke, 35, Non-woven shee
bi nder-free p%?araraﬂPﬁaF|gt1%ai1%% ﬂ%ﬁ%l%§e%.%éta¥%waﬁbﬁ ﬁ&?ﬁ}%ﬁ process
that is sinpllhavingparedltbngrpoissesr fdecompodait hemupathuralovef non-woven

e mor e o 9bt e And) BEBELRG hde PARCLIBKLOY BLRGER %ot FUTE ES, 1 0Y 10

i ncor porating an ésseée free non ven 59:411
PCT/ USOL/2495 7mmsHiath, aalengah tonpbdth caspecktvrioaf $ntlkelekOal.

resin-inpr egn@hsdtﬁhe%eeé bbRehBYSA! wnoﬁa@h@eéf@érpafsa cgfa@@ﬂoﬁec hani cal
properties at the sanme testing 5 conditions, to a, conpos

structure havPﬁgaamhﬁﬁgﬂoveﬁughe§¥aTh%tf%hE} %esb E%?%d%?l?g 18R
paper maki ng peafebe, ubedawee hhat cbnnlderdepo@méaya@nalhwdefy that can

cause defects_jn the |naI tructure In_addition tp their
use in printeBhMF?Fﬁ Koﬁ?ﬁglgggn &895n§§ﬁe%f%mb? %ﬁ?g ?%W%%??%% %gn
used in t2%e manpdperure of conposite structures such as multi-chip nDduIes

and el ectronic intercgﬂgeggrgewbggﬁu Ag§ousggehé?ggﬁtlMgaﬁgeets can be used
inthe aircraft_15_industry and ef end uses of cofposites that include
para-arani d ffrpétylose fibers or fibrillated made-made fibers, which

are refined or subjected to some other special
treatment to be fibrillated. The term "aramid pulp"

30 means aramid material having many fibrils, mostly
attached to fiber "trunks" but also unattached. The
trunk is generally columnar and about 10 to 50 microns
in diameter and the fibrils are hair-like members only
a fraction of a micron or a few microns in diameter

35 attached to the trunk and about 10 to 100 microns long.

The term "essentially binder-free", as used
herein, means that any binder from a papermaking
process present in the non-woven sheet is present in an
amount less than 3 weight percent, preferably less than

40 2 weight percent, more preferably less than 1 weight

- 5 -



TEST METHODS The followi ng test nmethods were used in the 20 Exanpl es bel ow.
The tensile strength of the wet-laid non-woven sheets was neasured on an

| nst ron- twoe2/h®3id Ng machi ne using test specinens 2. 54 cnpgraSogdd’a gage

| ength of 18 |, ac qﬁzé%@ ' AN Q) 848 g1 Irknes basi s
wei ght of theﬁé\%%é"g%' V\%\g/)aén S eeqy"sé%ere yet erm ngeygiléxlr?easuri z{‘g t he

t hi ckness and®Pe¥renkiges afe FAHEIRAN Lhamtabvweight @f HHawWven sheet
in accordancef%ramﬁﬁéanﬁéﬁld@@r% 4195 PEXSd Wiy . Thendadrest rengt h of

copper cl ad l'@ﬁt es_was 30 determned in accordance w th | PC TM 650,
Nunber 2. 2.8. ocFFPR| 2 RARFT TTREHRT REQRGRS 'on 3TH9SF PYURI Y- axi s of

t he | am nat esme@mss deiler bdlaedolnlp b heedined i v hani mal yreeal oy smast rEA)s per f or ned
.in accordance_w { h_ 1 PG re 2.4 24. i n-plane of the

| am nat es vvast%ge e?%gﬁ:eﬁ/{)?;%\%q?ér?%c%%rb agn%ef%%%§ﬁ§g%\%%%&rﬁn%unber
2.4.41. - 10 papaO 102k DEY4RUCEETH USCi 4987 -Matinden e rpatsiorgst isdieasts t he

‘| am nat es wasgdgh elslg%geyraﬂiécméﬁnp@ Wi d P B e ice &2 1. 5

Nhras
EXAMPLES Exanpl es Aqueous di spersions of para-aramd fl oc gf varying
|l ength aid di ¥Retede vieirdergcto a?gslé\ﬁ?-qq‘a?tdl%rpm ‘ghee‘?ﬂ AR pr epar ed
fromthose dispgeshensby yweéid i nsiiget hef dhcpeptsalole strerkpilondrel machi ne
(aconbi nation, of cyljnder paper, making, nachine and t Ut drinier) equi pped
with a hori zoﬁ?%?gi[h#%u %?‘Ea%%‘?%&‘?h"% ?Urbepo??]ﬁ—ea@r{'&a# éa&eer& (Kit chen
& Perryl5Fl ath&ee Héen megerysinhepilpcineisedd ovd pblge ( pdargptaramiahe
t er epht hal amkzggﬁ%eg?}ﬁ 3PYn&E has d,cpia eyr%%i\fng&@ngr%-%é@der t he

trademark K ers were added to the_floc. The tensile strength
and el ondd i okoi achof2DeAkS nREhfREteMeERTtFR MUY EPREThIS A 3R on of

tﬂenon:\/\o¥eglﬁgﬁeiéle§d§nf ERE pabSr PaRa-pravide floCeyiBpERS Wiedl and are
snown 1 n la

.1, These datadenonstrate that,whj]e all of the gssentially
bi nder-free a?h?ri"ﬁh? oRaPEEPReT 1 n g“ﬁ%aml%%i%%% RIS Y5 | engt h of
par a- aram d fsoefateabpat 6f 7fnomps ovo ded sdpestermeeers gppelr ramoven sheet

compar ed Wi t hya bl pcOf 2, P6n 3 {106 Ofe AU (01 udBLE Bled NiFxanp! es

5and 6 a non- WOVEn S e'invention was nade, butnot in a continuous
sheet, arD t hthefwet-laywpsones30pndsisl prefepeed oken Rehisi$e &trength or

el ongat i ont espsngpyt BgserAleFtssons henc i HRbA24850: | MHouabee, Juile

Ex. Par a- Basi sheckeTehEAREEPBRAGAET oMRoNat aRP dFPOHes¥eYY 62 hbs | oc
usedg/ MmN MyRoGEYD SPLKENBAR#SF1B3. 0348 W6dh2n 1t HO. ¥éigky, fadges

mMPKEVLAR~491901. 7140 922.0,.3.00.16 tex, ~6. 7 S ~ 1. 26 7 4 52
. 2 3. 30.25%P8Y¥eet? WﬁéREﬁﬁi\R“Pﬁ@‘Zﬁﬁ%ﬁ e%g‘ggﬁ%éﬁ@‘g‘e{?%%%-_ 7
MBKEVLARS 491951. 90. Pblm,r3CSdMKEVBARS4QZOFZQGe$E$nge§i48 @m * Sheets
made were not QEQQE'lgBQ%eil@Q shandavdst §RAsEhecaitidehenggthopterds coul d

not be conducte . ) .
wet-lay process to improve sheet uniformity, reduce the

use of water, or any other purpose, even though such
materials may have some binding effect, their primary
30 purpose is not as a binder and therefore these
materials are not included in the meaning of the term
"binders from a papermaking process".
Wet-lay non-woven sheets and papers made from
aramid floc were not, until now, made using essentially
35 binder-free aramid floc because there was a belief that
a floc-only sheet would not hold together and would
lack strength and integrity. Surprisingly, it has been
found that there is enough cohesiveness in the para-
aramid floc in wet and dry sheets to make acceptable
40 non-woven sheets. Therefore, it is possible to produce

- 6 -



Exanpl es 7-9 and Conparative Exanple 10 Aqueous di spersions were nmade as in
Exanpl es 1-6 except that the dispersions included both netaaramd floc and
par a- ar ary@ opb@g1:2t different weight 15 ratios. These aqupeygseh/ ey Si ons

wer e made i nt t laid heet | e
net a- ar am:j fa}o o a| non Vené}%ﬂe'g’r?z’q%zfg%eﬁxlaf%“ﬂéssﬁn&&%ﬁya | i near

density of 0. mizhdeao(-fmﬁb aaﬂaenugi H lafc @4 amiagd kinowsolsthelmt -Eormidig Pont de

made usi ng PO o RO o o %ﬁ%ﬁ&)“‘f LN £ 17 o pont

de Nenour8 arfoiiamf thaapremakingametiineEVLAR 49, and had a |inear

density of 0.16 tex g0df@rtiedgtdyddr0fi 7réHﬂl€\|%@'t"l{£er1%n)/§fﬁcﬁ{jded to the
floc. - 12 WD 021059411 PCT/ USO1/ 49574 The te |Ie strength and

el ongati on i nt5hdithfh AR RFAVIE AT -HVGH shset Meds JFOMIRAE& PR ™A ¢ he
non-woven sheffsc \A/&i}ﬁdfeaamrﬂmmtarye rsahmmiveayTaiMoertS Zanlfese data show

‘that if para-aram.d ﬁfycﬁt}fﬂﬁpd n‘%a q:% z%_rde %r}desdlr;t og__e U‘r and used

to make an esSential Fe& n woven SRS P TR &SN, it is
necessar ¥0t o imve duanattie EWeHse oty theamtdenasd iof sumeta lgighd to

permt the 1%&9%66&%9%&3@%«4 Cf}d?rf G diiiriland, %%&@L%e@go%t a-Note

that in Exanple 9 a non-waven sheet of the invention was made not in a

conti nuous siemithyhen iy shaethvdasAegosipiestes f& foMPtt ensil e

strength or alfngaid®ing qsmcm t hfetHegelor nok3 that\WBH2Y 03kl bebabl € 2
PCT/ USOL/ 49574 Ooqu§iSThl r#ﬁ@ | IeEIo ationEx. o
W . wt . nessstr . %/ Gﬂrazfmadﬁe&cleifntﬁh@ﬁd it

Wi t hpar aiar amisjfri&nb?ﬁsa@s]t@maor@al lﬁrﬁeﬁcSE;(Imht?ih 44k Bheet in

3.29751971. 6 Fr KK KEKE KX e JAgs 1! q&@tl and so
standard ten?ﬁoe andA %cnléea Sleont %S ﬂgﬁl ddrvi‘élca)?=1 be congltt?ct v&%éheet made
was too weak shedfe ma%sﬁntcm Hér’-tﬂfnatwlﬁ) hasiavisey W was delieveédyi ng section

Exanpl e 11 A wele l@id Hmapvaﬁhe%hesﬂbgme@% Fhedesy idkadnde Exanpl es

1-6, and had a basis mel
process, éﬂklted a reversible transition from a solid

20 to a soft stage and back to a solid that fixed the
densified structure and increased the strength of the
sheet .

The present invention is directed to a
essentially binder-free wet-laid non-woven sheet

25 comprising aramid floc, wherein the aramid floc
includes at least 25 percent by weight of para-aramid
floc based on the total weight of aramid floc only.
Preferably the aramid floc contains at least 50 percent
by weight, and more preferably at least 75 percent by

30 weight, and most preferably 100 percent by weight, of
para-aramid floc. If less than 25 percent by weight of
para-aramid floc is used, the resulting sheet will not
have sufficient strength to be processed on a
papermaking machine.

35 The remaining aramid floc is preferably meta-
aramid floc. However, depending on the final
application of the non-woven sheet, other floc can be
used in combination with the para-aramid floc. For
example, polypropylene, polyester or another

40 thermoplastic floc can be added to the para-aramid floc

-7 -



15 374 g/ ns. The non-woven sheet was inpregnated between two pol yester
screens with water-based phenolic resin diluted to 15% of solids and then

was dri edyelo2ds11C to forma prepreg. The phenolic resin veemsmsﬂnez

No-bindor s vy el 16 tﬁ&%éﬁ%&%ﬁpﬁe% For Ehad 0" W

of phenolic rEsem el shertl Heiinaldng pregesm and I tisifleost rengt h of
%ﬁﬂ agd 7. 3hi<rb¥n}1dé‘stch€é f@@hﬁcﬂﬂal Zﬁﬁ&&{tosadtgeifﬂ |éHl§Ltr1Q§'pQ(3|V€|y ai g
ese data show that_an ept e pr.eq ca repar a wet-Iai
aran d no% WA et %?ff%$saﬁq}ﬁle£é‘fﬁ+%e& Céﬁp ’fﬁtbéfe"fdér‘ﬂ K he
sheet, w t houthearnyaitscawsmnidnilonprefaakdndam mmn ca‘qt.tdamwvet -l ai d sheet. -
14 WO 02/ anpl es 12-13 PCT/ USOL/: ~9574 A wet-|aid non-woven
deReeet

sheet was ma cribed in Exanples 1-6 except that the dried fornmed
sheet was hydroent angTle®, agamid pf kb msed yimethe nigivest ippihas amshi ng

‘machi ne. A m’é\?érﬁé e%h h 100 fRsh Ias USLthias) itnetRivd ShpoREldr4414 he
e

washi ng mach oentanglin rocess was conducted at a speed of
23 mmnt e‘?’ﬁ%ﬁ'a'Sa‘%%rﬁ dxﬁ %E“e‘gs g“’[) Pargreranid, Bompi%es 7-10. No
bi nder s vver e seeihhio flec folraind® Iphanitt ind>sargmiel ¥ beas dyy draent angl ed

water fota (et A T A Al B R SRR et er a0 8
orifices per matanezat més@m ef bfc 2. Qr i@ aravHgl ridsseamawdley, and from
three mani f olisen ykH %mdtl?e Ost-_]i?a ?ﬂ@@fd&%rﬁi YRIEL L thaille YgPrifices per

cm and at a pressure of 5. other side was treated with water jets
from tmlﬁanlﬁﬂ'd'éov%l%me% %tf 0-hs IRNeRG¥Tbe ditardt refienyestifices per

cm ?nfldat a ‘mﬁ”ﬂ@ é).!f(‘)arg}.d- £nsk 3m4clfl\£Fa5e raﬁﬁp.l%‘aidtyﬁahwegﬂcﬁ[ﬂ ’eent
mani f ol ds a rifi ter .at .1 i ces . per cm
at a pressurof® "_Sr%“%ﬁs g-';?'ncgnf? %dﬁ% afg Jﬁ%‘q?rm
orifice di amefboc aelnd%ZcmmpBeci:eElqaxerorﬂry and at a pressure of 5.5 MPs. The

sheet in Exanple 13 ? d{geﬂéaf%fga‘]p]yog ?,?1 tqmg% ec?p %/rom%n one side.

The treatment was conducted consecutlve

mani f ol d20 whxeesh=geet bonsl nphane fC?ﬁ:ethﬁ diierest LtﬁeCB mlﬁh%éslcpfépfcm at a
pressure of 2Z.yi@nthvedc Mis. respectively, and fromthree manifolds, which
had a 35 0.13 mmorifice dia t 16 orifices per cm and at a pressure
of 5.5 MPs. Properti e'gh%fwﬁ“ygf%bﬁt%ﬁ%?%oo%’iké?lw‘g e P RN B Tabl e 3.
These data shaadé ey dydrioeswrnetocesof for wadtlayl fmming naorncwnven sheet
from essenti al I lh v(\T)@_Z‘/’0159a CT/ M C]Véoéli;)Sr}? b| q:d ree aramd
floc provides %Ieeﬁrél? ca'fl on-and: addt |onal rengt heni ng 0 tl?1e sheet
conpar ed 2650 adlsi@@tls haot | Bydoventanaked dvafi s @'Lﬂ:rsmtl Hes sheietd, in 5

Exanpl es 1-6.¢ %ﬁg&féﬁ C&:J@é}%'i@ el N0in the drying
El ongati onwt . ness CDMD CDExanpl €920.°64130 891.

2. 612Exanpl e93t3PY1Q 9t17%1p%°<26%a35%p¢’é%%1912#6 spen ;. process for
2. 214Exanpl e3fdk 28 %t Bd lsHedt 936 Bxtaerpi et 28188 rdeilude 2. (2 steps

of:

30 a) preparing an aqueous dispersion of 0.005 to
0.08 weight percent of essentially binder-free aramid
floc that includes at least 25 percent by weight of
para-aramid floc;

b) pouring the dispersion onto a moving screen

35 in a paper making machine;

c¢) withdrawing water from the aqueous
dispersion to leave a wet non-woven felt; and

d) drying the wet paper felt on a supporting
screen to make a sheet of essentially binder-free

40 aramid floc.



Exanpl e 14 10 An aqueous dispersion was made of para-aramd floc, and a
wet -l ai d non-woven sheet was fornmed fromthis dispersion on a Deltaforner

i nclined wphgosmaeni ne. The material was collected in wet peisei/dsers | eavi ng
the wire and was hydr Ofhd RbhLS j ine as in

Exanpl es 12-13. The pg gigﬁ%&n 'fll?}cl)c ugllég&%‘é%n\tﬂ%zgésg%negggﬂ%n Exanpl es 7-10.
No bi nders welh¥drerrtrrgledecbefoxe aneakiorr ReANo drigdal was

hydroent ang! eghy@¥o£oRsesihy erdsept e 4 rae bod{u shdlesSeoddie siidiee was 20
treat ed Wthq‘\;y?te? jets fro%ei ht nj fol ds, , whi ch had% 0. 13gn§%torifice

e {
di aneter & 1% omri%fisflp%? "cliﬁtqa??ép 1t Bresfeedie iy depsity and 1) o,
13.8, 13.8, 13tBengtitl dSmPatdR t@sPegét VEAYd fnoiverersi sleeascidteat ed with

water jets from four i fol ' d 0,13 25 orifice dianeter at
16 orifices pl'ég']s Rt aﬂél@ tl%ééj%?%%@iljrr?@%?’ B?TZP? jly(g’fo‘:‘rl%gafg TP %% vPa
rﬁspec_ti v_(la_l %l.bergnep;@&@pmzygx m@z;wtmbﬁw i 225 NI VE meeL;??re f
'shown in Tabl g 3a1 ey a B Vet | angd b NanNe QY S)
t he invention,%a% %é 30%successfuI%?ﬂ%ydroentang edlg%fore bé¢28§dr|ed.-
16 WO1§2/ 058 Niar eyt 1RePrRoEA et PY Hef LeX@nsf conpared with the data in
ExanEIeﬁ é2-13, thfsgAga?afﬁh@méfP@pt1%§!n@m%wgy@nhgh@gﬁénp$?ﬁag inéention
can be hydroent angl ed hefaore or ter in rjed,and sti provi de
accept abl e phy3FTal™p¥ %???%s?a€§%§%Y% 1 c@u&ﬁﬂﬂ% sHtrsi on was nade
of 100 wei ghtupexpectedasad as bgn Of idant bncreasetin aile nonrevwydn df sheet

f df t hi I ' [ I ' t al
Sereen of 100 RSN AT LT Hat |96 At £R0e I e ety | Tl

prel i mi ndfy veeTperatere scpiiler fHaehi WP nee H RC apref gkram-13. 15
The para-aramgofi@cagised y@sid rore pokyed PRiAPhEY | St &f &Nk hab@ni de?
fiber sold by E |I._du Popt de_ Nenours f\%néi ggan%jrﬁtjnder t he tradenark
KEVLAR 149 and®heReered ntd hYdreniangledPitext f 1%Mgth of 6.7 mMmm No
bi nders wer e pggetirémentie fl oc. 20 The non-woven naterial was

hydr oent angl ed by con gutivg t{g%rept frorrél_l?o%h gi dgg. One side was
treated with water je ¥ 3t YOI es, * WA ErCHALR 0. 13 mmorifice

di anet er 28t l1tmpredgnaeed peitknyeasing, psech ae epody 4, pEivimids, and 6.9 MPa
respectively. heg; 61 Sat 1 j f r

mani f ol ds, \/\h?%%nﬁggéé %%&rgnnﬂgvgr?{fi(g%g%?h#& &ra@ﬁg%d%ﬁi{c}%}%ﬁ' cm and
at a pressureusing gonvemtignal RFRCESSLHIEC AR iR¥EBXeThelhf operti es of
t he hydr oent apgbgfed OPatOyBEN e ShESé Bfitto SOVMmiad@biLidy These data show
that the non-woven sheets of this inveption can, be hydroent angl ed
successful ly GOTAERELGRARL. BFARFEPTF oc IRRPasI REVISEER 1997 R TAAS s

char act er2isz edihyo awiret yg lbgardm dod ust laen! corthpos itoe s$ttrectwgss n conpar ed
with 35 KEVLAR 49 or L 6 -Lai on-, heet was
fornmed as in Exanple @eé&%?dtﬁgﬁmhge%a?%é\?%nég ?’I’l%c%\_\sﬁ%%gg\%é’ - 17

WD 02/ 059411 PeTadidotiansyg asaeidrbhepcryd (Ieea- prrmyd areiqlet epht hal ani de)
fiber sold bypErdentlUoFPOAtpfgadENPHER 2Na VndNsescd e, tépdenark

KEVLAR- 29 anl 1902 1468 odoNELiN: e o 0R0 P12 Mh Sy &7

30 weight percent other components. The fillers can be
inorganic materials such as diatomaceous earth, talc,
carbon, and the like. The other components can include
other fibers, such as glass fibers, or ceramic fibers,
and the like.

35 Non-woven sheets of essentially binder-free
para-aramid floc can be made by a wet-lay manufacturing
process that is simpler compared to processes for wet-
lay manufacturing of non-woven sheets that include a
binder from a papermaking process. Further, by

40 incorporating an essentially-binder free non-woven
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The non-woven material was hydroentangl ed by ' consecutive treatnment from
both sides. Each side was treated with water jets from four manifolds,
whi ch hadw@.03/@s93m orifice dianeter at 16 orifices per cnlpatngoﬂﬂgm:essure

of 0.7, 2.1, ghderand flgafF@oﬁgfgfgélgﬁ%%%t%pg ég ihe fina

non- woven sheet are shown 1'n reduction in
the di aneter B¢SiReippregndbad sheet %Enth%ahPY%n%%W% h%@rb@%ﬁ@ht in the

mechani cal propgsigs &ﬁd&né@h@ﬂﬂé@ﬁ%ﬁé@éﬁ@lé@e@é méieséxﬁ@m.@swﬁ | ai d
non-woven of ess tally ree 17 Two vvet-l aid

ng I
non- woven she%?gnglﬁ??f%?%ﬂ?rﬁﬁ B%S?séQQP%%%EeS%ﬁ¥P?€$ edh%%Hng
hydr oent angl enoaswoveixahpée fRat | inatddées oa, bimdeshEeds ties e hot

-cal ender ed at t ls g of 20.3
cm di anet er a%%g %ﬁQﬁ%M§e§;$%§%£§u§%c%€é b%ﬁ%ggﬁggxkﬁ 191%%ﬁg%§opertles of
the cal ender etMBWEREY &Rt 26aBheRmse ndai@eies 4in viHem Eomphreemmpsite he data

'in Table 3, thesgceata. show that calenderlng dramatically increases the
strength_of an aram d_non- ﬁgven sheet of this invention, A so, the data

i ndi cateOhat it is pbBsPBARCEBNpFBAEREIANUSS aif PRLRLSBVERTERGet havi ng 30
about the sarmoamengmm+m-b@ﬁhsh@etmhumlarmhxtéxetmmseaxdlnsecﬁs@@s of the
sheet. Table 4 35 BasisThi sTgnsile strength%

El ongat i onwei ]g‘ﬁt i T‘Nﬁlﬁ?‘%g ?l@f(ﬁ}f? B%tﬁ%%bﬁe%@lbc%?s

3. 090. 50. Z04 2240t 1 24i30p 19o@uligs - ang elewmr@@icﬁinmgrigmm@¢e dgvices.

PCT/ USOL/ : ~95{F4oA ¥RE - L A4 &n 9Pe VONEE: Shegh ﬂ@sué @E% PRt angl ed

as in Exanple 12 and was _cal endered as 5 in Exanple eet was

i npr egnatléd ohnﬁu%EFYlﬁﬁﬁ DFRPY PR ngSe vk %%mF@F%ﬁﬁ%p r%%¢¥P@?stem
with Tg aboutpdfd-&radi@ £PE¥s! esin systemused was L - 1070 sold by '
Fortin Industrles Inc. A2 ply copper clad | am nate was produced using a
vacuum press. The final 10 | am nate contai ned 46. 7% of the resin.
Properties of the |am nate are shomES™ MEXHOBSS and are conpared with
publ i shed val ues for a THERMOUNTm | am nate based on a DuPont Type E-200

r ei nf or cement fron1KEVEﬁngélPW669hE??ﬁgmﬁtBPﬁﬂeVeﬁ? 4sedein- BRani d

( NOVEX~) 2fol bl’EﬂémpIé@ Balewshorhé haénémet@er@@c_mltdpemé \K&/Lfﬁal oc and
the sane type_of resin | ai d non-woven sheet

e haT e LP g teReR elet hS kb S dnes SHEDS! Gn A SO e MoYen ©
Wi ri ng boardstestisgmachi® wpphgchesbnspeonpenad t 94 acsteibderandesa- | ai d

non- woven Sheﬁ%‘éhi‘éng OA! 85 N2 JERAL B 4080 aEL bl REKSAR!p ol @. bl nder

fromthe pape i ng process: nantly cooper peel , and
moi st ure absor ption BeTﬁblékEePﬁoﬁéﬁt?EéhﬁnﬁfeghtTyﬁl%b@ ReRue for Exanpl e

18THERMOGNT~ Jv@{ﬂéﬂaéﬁ‘@élﬁﬁdw@f‘e [HE@éli-mirﬂ@& }Eyzrﬁ’@aé@fm I EREBh 1 ¥k ASEPOXY (48%
resin content% % EhsneeCHE g %%@éiéav rage betmeegND ang CD
) Copper peel 1 e i@t _Er g?ﬁ%@lgfu?e L&° 58885 0f°% 7 on
THERMOUNTM L awbveh eshadt Piepaegofidahae nvigh TAHEM H2 164 5 E226, DELED Non- woven
Aram d Relnfo;ggggg&iggfyPrlnted W ring Boards,
The peel strength of copper clad laminates was
30 determined in accordance with IPC-TM-650, Number 2.4.8.
The coefficient of thermal expansion (CTE) in
the z-axis of the laminates was determined by thermal
mechanical analysis (TMA) performed in accordance with
IPC-TM-650, number 2.4.24.
35 The CTE in-plane of the laminates was
determined by TMA in accordance with IPC-TM-650, number
2.4.41.
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3 0 Multichip Mddules, and El ectronic Interconnect Devices (Product
Bulletin, H52775, Rev. 5) 2/98). - 19 WD 02/ 059411 WHAT IS CLAIMED | S:
PCT/ USO 8%Z/ds9311 A wet -| ai d non-woven sheet conpri si ng 5Spesasot/ioatd y

binder-free aram d flpge YheLfi MsHLpAL G Gk FLRS 10k udess a‘g%é east 25
floc b i ght

percent by wei ght of paraaram d 0 ased on the total weig of aram d
floc only. 10ietenmping@tin AFIKFRRIRE i EhdRC M4 2 mMUMkGer ei n t he
aram d floc incsusgles, at | east 50 percent by weight of para-aram d floc
based on the total weight of aramd floc only. 15 3. The wet-Ilaid non-woven
sheet of Claim1, wherein the arani d E¥AYELERC] udes at | east 75 percent by
wei ght of para-aramd floc based on the total weight of aramd floc only.
20 4. The wet-l|aid non-woven sheet of claim11, wherein the aramd floc

i ncl udes 100 percent by wei ght of FXPEPAP&nidSf| oc based on the total

wei ght of aramd floc 25, t-}al on: Wov ef-of claiml,
‘wherein the aram d f|%§8%%%5a§lgﬂéggg% e%%?%g% §%%ﬁ%§nE%g§§5%1IIineters
6. The wet - | avaryiorg worrst haed dtaneternversgonadrr and twat flakd has been

hydr oent apgl eglon fwoddie ¥Edet &1 e PO YOS d NBEIm Hhdddi AR dpe M Gl has been

hot cal endered. 35 8, The wet-| a%)];;7 non- wven sheet of, cl aim.6, V\:h%Ch has
been hot cal éAdeY@l:forping thp SvFRELIHAN K VAT WS, WAYL1InG 6 Jhet - | ai d
non-woven sheedmeingt oM df oWElwdder theper analoidd aracioine iaed tyies a-aranmid
floc and rreta,{:,aragdd “O)i'eS 10, o ‘g{teﬁ)raeg%éhflztoi ncl udes the wet-laid
nonwoven sheet ©of ¢t at /4. S4HPE @r hreg® t Hat F MY Ao e TR Wt ai d nonlo
woven sheet odryéniwith d2supperepveguetal serdenietKitchawts |Réxicyonwoven
sheet of 16l ai f § -Beq LPnrd PARPR! € FRAee{5OMd Do ERSL, Ofp Ll M

phenylene terephthalamide) fiber sold by E.I. du Pont
de Nemours and Company under the trademark KEVLAR® 49.
No binders were added to the floc.
The tensile strength and elongation in both

20 the machine direction and the cross direction of the
non-woven sheets made from this para-aramid floc were
measured and are shown in Table 1. These data
demonstrate that while all of the essentially binder-
free aramid floc resulted in a usable non-woven sheet,

25 a length of para-aramid floc of about 6-7 mm provided a
better wet-laid non-woven sheet compared with a floc of
3 mm or a floc of about 13 mm. Note that in Examples 5
and 6 a non-woven sheet of the invention was made, but
not in a continuous sheet, and therefore it was not

30 possible to perform tensile strength or elongation
tests on those sheets.
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2.

i ncl udes

25 | am nay@ o®bseat@i m 13. 17. A printed wiring board that potiusdemsthe

| am nate of claim14. 30 18. A printed wiring board that
| am nate of claim15. 19. A process for
bi nder-free aram d fl oc,
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N

! %
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F860npriéés

par@- aran? dl f

ocC

5

KEVLAR®49
0.25 tex,
3.3 mm

195

*

KEVLAR®49
0.25 tex,
13 mm

207

tensile and elongation tests could not be
conducted.

Sheets made were not continuous and standard

Examples 7-9 and Comparative Example 10

Aqueous dispersions were made as in Examples

1-6 except that the dispersions included both meta-
aramid floc and para-aramid floc at different weight

ratios.

These aqueous dispersions were made into wet-

laid non-woven sheets as in Examples 1-6.
The meta-aramid floc was poly (metaphenylene

isophthalamide) floc of a linear density of 0.22 tex

and a length of 0.64 cm and is sold by E.I. du Pont de
Nemours and Company under trade name NOMEX®.
The para-aramid floc was made using poly

(para-phenylene terephthalamide) fiber sold by E.I.

du

Pont de Nemours and Company under the trademark KEVLAR®
49, and had a linear density of 0.16 tex and a length
of 6.7 mm. No binders were added to the floc.
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25. The process of Claim19 further conprising the step of inpregnating the
sheet of essentially binder-free aramd floc with a resinto 35 forma
prepreg. WOZ)2/059411 PCT/US01/49574
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&10%H& ()- F &10%99& ()- VF &L0%& ()- “L'!10%DD& ()- M-xV7,? 10;

109& ()-'1",,' 109& ()- !,,' 10909& ()- ,,' 109%& ()- ! F &l0%sss& ()- ! F
&109% f [ f &vio)oz/0ddada €C? 101 n " 110% & ()-37! "1 109& ()-37 PCT/USO1/49574
1109 ()-37' Te | 10U8S& () - 37f 910%r& ()-M 10 10, eSkwU3C?

10! "1 1091 M1 & ()-37!] " "1 109%Y& () -37! ¢ "I 10%ME’ ()-37!" "1 1098-3-& ()-37! "
| 10%06E () -37! 0 |10%)&' ()-37 Q W Xaple 2

-\ ;101 ~ L1 100@ () 471 VLI 100& ()-47_10m 10m 10m

109%m& ()- ! 1qyme’ ()] %% 0%1r£a(s)is3' gl Z)Gensile | )" LI Edepgatipndy!
s' L! 109Re2e& (V= 47! ° LI'To% O AW 109&es9) - 47! setn@mm) ATR L! 1098

7' 7(=(>(?( @ (|Nex\ : 10! metal-lo%&' ().g/ml“!“q,pfy&' O -| ¥ 1 109 (YMD7 10z
10zf ; 10%& ()|- " L! 10% &I(a)m@n 64=. .1/ @w3~\: 10! ' MP10%b&®) -
717 110%2&|()- 70 11109668 ()- |71} 1 10% - & ()-| 7071 109%& () -
7171109 () -| 7@z000 é 162 >101° p‘-&}OO/&' ()-!'TF&10%& ()-"!'10%& ()- 10z
10z 10z; 10% & ()- ! 1®%e&d( With
7b1112A3T445WU3_>10! (" gjaoc%RR&' OFF'1}-810%"& ()F! A -&10%&' ()-!Y - &10%&

-le -&810% &()-! -& & ()-5*§78B8CBMHBESF3wXVH710! 10
aramld
floc
7 25 205 1.9 110 72 1.8 2.6
8 50 190 1.7 57 44 2.8 3.2
9 75 197 1.6 * * * *
C10 100 201 * % * % % % * % %k
5 * Sheet made was not continuous and so standard
tensile and elongation tests could not be
conducted.

* % Sheet made was too weak to be transited from the
10 forming wire to the drying section

Example 11

A wet-laid non-woven sheet was made as
described in Examples 1-6, and had a basis weight of
15 374 g/m?. The non-woven sheet was impregnated between
two polyester screens with water-based phenolic resin
diluted to 15% of solids and then was dried at 120 C to
form a prepreg. The phenolic resin used was Durez 33-
304 sold by OxyChem Co.
20 The floc used was the same as in Examples 7-
10. No binders were added to the floc.
The prepreg produced contained 30.3 wt.% of
phenolic resin and had a density of 0.1 g/cm?® and a
tensile strength of 14.7 and 7.3 kN/m in the machine
25 and cross directions respectively. These data show that
an acceptable prepreg can be prepared from a wet-laid
aramid non-woven sheet of this invention immediately
after forming the sheet, without any hydroentangling or
calendering of the wet-laid sheet.
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10

10, <109& ()-!D Y"z&L0%& ()-!} Y'z&10%e& ()-! Y'z&LOYRRE ()-!  Y"' z&LO%NE ()
-F88r 9: 1 \wib\daABaiP! $ sL 1 10%& ()-' ! sL 110%& ()-'! sL ! 10%crRIsh)/9sha
“sLU1109%S& ()-' ! sL 109 ()-'1sL 1109 ()-' <<=/ >| >>/ 2WU3MB710! ~ +

10966& ()-! + 10%H& ()-1$ + 109& ()-!+

109& ()-1 sL 1109 ()-'! sL ! 109&EXpmples?f2EA82H?27@\ : 10! | v " f &L0Y%& () - F7

Ly Uk ()-F7!" 0 ") - R () -
! S0 D SRR Bl B ot 19RO Dl g, i
& ()-F7!| 5 1 des{he&7in EXSU0NERE (g -eReepy 804 | e )draebEfRmREWXVB7 10!
100 () -1 FE1ovk 132 AT RRARIRE 15 S TR A (R R Y Yl B - Frrcarm
|1} 9MB710! 2| peRions washing | packan®oss5& () -z | @&10%& () - z!
| Eieeg ():21L] CUPRIENS o N0y o e mheria  cuo )
{y7iottie i%%“%i%éi‘? 1PPanRe ‘Xég%“gid“i {fie g 07 () aLLRIMEM MM
;égg?%é3?§ﬁ;rﬁﬂﬂ98éﬁﬁathﬂﬂ@9ﬁr¢¢eQAMﬂAkPé¢ﬂdﬁéﬁ§ﬂihﬂIafiﬁéﬁdmb£)23fgﬂl
f&lO%h&f()-i&ﬂé@%%f()-3nﬂ0@h&f()-thWh&f()-"NVNMNZNNNNNMA?710!!I
f&10%r&' ()-!1 f&10%8The- pazgh-aRADIGRELIPC] nsed10ametg-Sawe as in
f&lo%ﬁﬁf()'!“ﬁ%&&E@éEC%95810hélbiééers were added to the floc.
The sheet in Example 12 was hydroentangled by
15 consecutive treatment from both sides. One side was
treated with water jets from two manifolds, which had a
0.18 mm orifice diameter at 8 orifices per cm, at a
pressure of 2.1 and 3.4 MPa respectively, and from
three manifolds, which had a 0.13 mm orifice diameter
20 at 16 orifices per cm, and at a pressure of 5.5 MPa.
Another side was treated with water jets from two
manifolds, which had a 0.18 mm orifice diameter at 8
orifices per cm, and at a pressure of 2.1 and 3.4 MPa
respectively, from three manifolds, which had a 0.13 mm
25 orifice diameter at 16 orifices per cm, at a pressure
of 5.5 MPa, and from one manifold, which had a 0.10 mm
orifice diameter at 32 orifices per cm, and at a
pressure of 5.5 MPa.
The sheet in Example 13 was hydroentangled by
30 treatment only from one side. The treatment was
conducted consecutively with water jets from two
manifolds, which had a 0.18 mm orifice diameter at 8
orifices per cm, at a pressure of 2.1 and 3.4 MPa
respectively, and from three manifolds, which had a
35 0.13 mm orifice diameter at 16 orifices per cm, and at
a pressure of 5.5 MPa.
Properties of hydroentangled materials are
shown in Table 3. These data show that hydroentangling
of a wet-laid aramid non-woven sheet from essentially
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f&LO%T& ()-!1 f&LO%T& ()-!f& f&LO%r& ()-!]
f &109%r&' ()-!f&708ONCOOr OO0CU] C710! ! | | f &10%& ()-! f &&l

f &10%1& ()-!) |

f &10%m& (Wo!oﬁ/&ﬁ.uf &10%r& ()-!)I f&L0%& ()-! CIIIPPP<PX"'7712@*1‘)USM/49S74

f &10%m& ()"l %fﬁg EEPB% &l H&EQY @&gg$v1he§&égﬁ E?Egéh an

f &10%18 () -1 <P RE7101T]

§10oma" ) - 1 f &l

f &10%& ()-!I af~'1 }G%ma ) stirgpgbbeningypértbe! th—‘e &Eemresl EP&R
f&10%r& () -!) bhb&E0Um&L( is! hé&l ni/&18UREahyiblll, such as the sheets in

5 Examples 1-6.

Table 3

Basis | Thick- Tensile strength | % Elongation

wt. ness N/m

g/m? (mm) MD CD |MD CD
Example 92 0.64 130 89 |1.7 2.6
12
Example 94 0.81 109 78 [ 1.5 2.3
13
Example 67 0.42 66 48 | 1.5 2.2
14
Example 34 0.23 29 21 1.4 1.9
15
Example 33 0.20 38 34 (1.6 2.2
16

Example 14
10 An aqueous dispersion was made of para-aramid

floc, and a wet-laid non-woven sheet was formed from

this dispersion on a Deltaformer inclined wire machine.

The material was collected in wet form after

leaving the wire and was hydroentangled on a pilot

15 washing machine as in Examples 12-13.

The para-aramid floc used was the same as in

Examples 7-10. No binders were added to the floc.

The non-woven material was hydroentangled by

consecutive treatment from both sides. One side was

20 treated with water jets from eight manifolds, which had

a 0.13 mm orifice diameter at 16 orifices per cm, and

at a pressure of 1.4, 5.5, 8.3, 11.0, 13.8,

13.8, 13.8,

and 13.8 MPa respectively. Another side was treated

with water jets from four manifolds, which had a 0.13

25 mm orifice diameter at 16 orifices per cm,

and at a

pressure of 3.4, 6.9, 10.3, and 13.8 MPa respectively.

The properties of the hydroentangled non-woven

sheets are shown in Table 3. These data show that wet-

laid aramid non-woven sheets of the invention can be

30 successfully hydroentangled before being dried.
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10 sheet was formed from this dispersion in a handsheet
mold and dried on a metal screen of 100 mesh.
Afterwards, the sheet was hydroentangled, with
preliminary wetting, on a pilot washing machine as in
Examples 12-13.

15 The para-aramid floc used was from poly (para-
phenylene terephthalamide) fiber sold by E.I. du Pont
de Nemours and Company under the trademark KEVLAR® 149
and had a linear density of 0.16 tex and a length of
6.7 mm. No binders were added to the floc.

20 The non-woven material was hydroentangled by
consecutive treatment from both sides. One side was
treated with water jets from four manifolds, which had
a 0.13 mm orifice diameter at 16 orifices per cm, at a
pressure of 1.4, 3.4, 5.5, and 6.9 MPa respectively.

25 Another side was treated with water jets from four
manifolds, which had a 0.13 mm orifice diameter at 16
orifices per cm, and at a pressure of 2.1, 4.8, 6.9,
and 8.3 MPa respectively.

The properties of the hydroentangled non-woven

30 sheet are shown in Table 3. These data show that the
non-woven sheets of this invention can be
hydroentangled successfully using a para-aramid floc
and as KEVLAR® 149, which is characterized by a very
high modulus and a low moisture regain compared with

35 KEVLAR® 49 or KEVLAR® 29.

Example 16

A wet-laid non-woven sheet was formed as in
Example 15 except that the para-aramid floc used was
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110% ) & ()-h 110%E) & ()-h )?21110%E) & ()-h 110%E) & ()-h
xh~hhhhhhy i1 RS ! 10%€) & ()-h 110%E) & ()-h ! 10%) & () - rCralsoi/@E) & () - h
1 109%E) & () -h hhhhhhhy] AHA10' R$' ! 10% 0%) & ()-h 110%) & ()-h
)7"10%E)&f() h 110%) & ()-h hhhhhhh ésé%ﬁ% "110%E) & ()-h 110%E) & ()-h
1'10%E) & ()-h ) ?!! 10%E)R Wet-+11d i HonS woven helith plsAlfbttieldd'anti0%E) & () - h
h! 10%) & () - hhy%p%gh%éggfé&lgg %%AEL%m&hehlblgéﬁ)Qag)cglendered as
5 in Example 17. The sheet was impregnated on a vertical
prepregging tower using an epoxy resin system with Tg
about 165 C. The epoxy resin system used was L - 1070
sold by Fortin Industries, Inc. A 2 ply copper clad
laminate was produced using a vacuum press. The final
10 laminate contained 46.7% of the resin.
Properties of the laminate are shown in Table
5 and are compared with published values for a
THERMOUNT® laminate based on a DuPont Type E-200
reinforcement from KEVLAR® 49 floc having a binder of
15 meta-aramid (NOMEX®) fibrids. The data show that for
the same type of KEVLAR® floc and the same type of
resin in the final laminate, the wet-laid non-woven
sheet of the invention improves three very important
. properties for printing wiring boards and similar
20 applications compared to a standard wet-laid non-woven
sheet that contains greater than 3 weight percent of a
binder from the papermaking process: namely, CTE,
cooper peel strength, and moisture absorption.

25 Table 5
Property Laminate of Typical value for
Example 18 THERMOUNT® laminate
: based on DuPont Type E-
200 reinforcement with
epoxy
(48% resin content)
In-plane CTE 7.0 ppm/C 8.2-8.5 ppm/C*
(average between
MD and CD)
Copper peel 11 N/cm 7-8 N/cm*
strength
Moisture 0.23% 0.4 - 0.5%
absorption

* THERMOUNT® Laminate and Prepreg Containing Type E210, E220,
E230 Non-woven Aramid Reinforcement For Printed Wiring Boards,

30 Multichip Modules, and Electronic Interconnect Devices (Product
Bulletin, H-52775, Rev. 5, 2/98).
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1. 'A wet-laid non-woven sheet comprising

5 essentially binder-free aramid floc, wherein the aramid
floc includes at least 25 percent by weight of para-
aramid floc based on the total weight of aramid floc
only.

10 2. The wet-laid non-woven sheet of claim 1,
wherein the aramid floc includes at least 50 percent by
weight of para-aramid floc based on the total weight of
aramid floc only.

15 3. The wet-laid non-woven sheet of claim 1,
wherein the aramid floc includes at least 75 percent by
weight of para-aramid floc based on the total weight of
aramid floc only.

20 4. The wet-laid non-woven sheet of claim 1,
wherein the aramid floc includes 100 percent by weight
of para-aramid floc based on the total weight of aramid
floc only.

25 5. The wet-laid non-woven sheet of claim 1,
wherein the aramid floc has an average length of from 3

to 13 millimeters

6. The wet-laid non-woven sheet of claim 1,
30 wherein the floc has been hydroentangled.

7. The wet-laid non-woven sheet of claim 1,
which has been hot calendered.

as 8. The wet-laid non-woven sheet of claim 6,
which has been hot calendered.
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17. A printed wiring board that includes the
laminate of claim 14.

30 18. A printed wiring board that includes the
laminate of claim 15.

19. A process for making a sheet of
egsentially binder-free aramid floc, wherein the aramid
35 floc includes at least 25 percent by weight of para-
aramid floc based on the total weight of aramid floc
only, comprising the steps of:
a) preparing an aqueous dispersion of 0.005 to
0.08 weight percent of essentially binder-free aramid

- 21 -



#fM& ()-:( L}, @10% & ()--UR[:NA4 10 | " %40% S) & ()- @%0% $& () -
VULO0YS) & ()- ;%0%" & ()- " 10%S)z& ()-( L10%S)z& ()-RbY|[:NA4 10 #
1094& () -wo2h89) & ()- S 10%&z& ()- , 10%S)z& ()- ~ 10%pghaffdests  ¥4.0% p
& ()-ekr||[:NA4 10 # 10%& é)_ H& 109%8) & ()- ; &10%S)z& ()- F. Mb10% S)

& ()- )S) 109&bpssthst (ircludenmk Isashoapercepudnigrasiet ofieadi ng
23] ¢" "Headi ngaB3] sramii@agisg; 43] ¢" "Heading 53] c" "Heading 63]c" "Heading
73] ¢c" "Heading 83]c" "Sbadin 93lc"A "Default Paragraph
Font{Y?@éESG<C[JOaUXo? quH ng _ be dispersion ontd a moving screen

#. 3F8?E<MS] nr £n " abpsaipé ghmalki ma’) machi@b15F8</ ? @FI aLM' NN7OO<PP

, RRR! SHSgSSSSSSSSTT TTITITUDY XZ:
.ES[ o[ [[[II ?[ E/&[ V(> I\H 24{ %E‘T%é‘ﬁbﬂ% hﬁ%%%’ﬁhgm the aqueous
¥EPRYSEEN PLJ <DeaWRe nopee s tpameay zfelt-6Tamdks New

ilidiHimsu

RomanAri al Couri er News §n&ENE R, n :
‘!"#$@&f()*+,-./012342%285E? nFERYWEAPLYEENEelt on the supporting

<=>7 @\BCDEFGHF IR RMCPOREERASSe L of reranthi 31 ynivinder iase 2{ | ) -~

10 aramid floc.

20. The process of Claim 19 wherein the
aramid floc has an average length of from 3 to 13

millimeters.
15
21. The process of Claim 19 further
comprising the step of hydroentangling the non-woven
sheet before or after the non-woven sheet is dried.
20 22. The process of Claim 19 further

comprising the step of hot calendering the dried sheet
of essentially binder-free aramid floc.

23. The process of Claim 21 further
25 comprising the step of hot calendering the dried sheet
of essentially binder-free aramid floc.

24. The process of Claim 19, wherein the
aramid floc comprises para-aramid floc and meta-aramid
30 floc.

25. The process of Claim 19 further
comprising the step of impregnating the sheet of
essentially binder-free aramid floc with a resin to

35 form a prepreg.
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