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TI TLE WO 980330 Papers of |nproved Sol vent Resistance ﬂé’?/@égsmgu

D nensional |y Stable Lam nates Made Therefrom 5 The present
invention relates to papers containing aramd floc and fibrids and to a
process for I nprovi ng the sol vent 2¥EBEt ance of these papers and

the di mensional Siablid tpa ré%&ﬁs&av@ad%oﬁwﬂu REsfstancRaRgys. 10
BACKGROUND OF THE | NVENTI Paper s contalnlng aramd floc and
fibrids, with Dimgrefenelipelrable % Mafe TReTAFRIY fi bers,

are used as substrates for lam nate and conposite 15 electronic print ed

W ring boards For this end use the paper needs to be strong, easily
penetratedby the PﬁpP€6ﬁ§PFohnY%%Fh°%nﬁe¥%%$%t%ﬁnPQR?EQHvents used in

the resin i npregitalinihgPagansd. floc and fibriddeakdpRera Prstdsamast es made
from such papers 20 e at_e| evated

t nensi ona S
tenper at ur oo, AOREFS, EHep PSP RRnEESt FLERE® OF Théad imaRTH Fbcess for
maki ng print ed¢hd dimgrisdendd. stability of lamimauntpapeis fwam gdwesel |y
prepared by a ers. Process using a paper neking machine. Wet-laid
sheets 25 ar rai ned, dried and cal endered, before they are
i npregnat €8 with resin. Cbpper-clad Ianlnates nade fromthese resin
|npregnated papers nay thenBAECKGROUNDOQY : DNt ed wi ring boards

(PVB) for use in ectronl lcation t he, process
of resin inpregnating,§%35§s co Bgﬁatﬁr8P13h5§8ﬁe8de£b%ﬁb§ a %+ I cal
par anet er. or Heiathqu’ceaipesrilalpnogesdesnts Buphoae geatrtzufdrepdysi cal
properties forafféqméh@y%%s@%%ggagér mfAQYA- ?Eﬁr %os%?fm'e for

certain nolecular structure aram yITErs, ded products
made fromlBheselectronig pramted) wizdage P&Féﬁt ABBFi BRLF ofNGHSE 7§19 72) -

97740 taught apAedt rderns rﬁimbeOfst'&:Qﬁg oéamlnyrt fénkBrated by the days at 180
to 400[err]C in alt t%ﬁconverted In

he. product | on MrEeriR P AReie B E8ss oht oo ol PeRE; wsed inn o

5, 223, 094 t augbhe ares e eisprpgnation process.
The copper-clad laminates made from such papers

. 20 need to be dimensionally stable at elevated
temperatures for improved performance in the
fabrication process for making printed wiring boards.

Aramid papers are generally prepared by a wet
process using a paper making machine. Wet-laid sheets

25 are drained, dried and calendered, before they are
impregnated with resin. Copper-clad laminates made
from these resin impregnated papers may then be
converted into printed wiring boards (PWB) for use in
electronic applications.

30 In the process of resin impregnating, the
strength of the sheet becomes a critical parameter.
Heat treatment processes to improve particular physical
properties for aramid molded materials are known. For

~ example, for certain molecular structure aramid

35 polymers, films and molded products made from these
polymers, Japanese Patent Application Sho 47(1972) -
97740 taught a heat treatment of tens of minutes to



5 which the strength and porosity of aram d papers could 9&3 | oved,
but even WPHYAPE® treatnents such as that taught by KEAS P)lljméfq al .,
t he sol vent resistance of aram d paper was | ess than desired. '

- The present invention provides a sinple, rapid 10 method not only to
i nprove the sghyanhtr e8bstanseow in aithecakafvérebecimifiettal HRid® i nprove

t he di nensi onal stability of | am nates nade from these papers.
SUMVARY OF THEROPRFENTI ON 15 The present invention provides a
process for I ncr eds thet peodotvich of sarsdmint pafermgp&irayosilst,i ng

essentially OCel L 45 b0 SLLRL ML, % O DU Rayons. ANGILLERE by

t er epht hal ani de€) ~Shor i bers, _ .

pol y(m phedy| sldchs pat REFEREER) and poxpsy afh@ramyd PaPSTFS5capilght % of
quartz fiber adimproviedGr 8asi 8geh Neith RS Aathictld isuenotsl @plpat es
made from sui{\ &ayp r,. The 1;irocess of theé%tresent I nvention

conpri ses heatia%gith p%ﬁé'ﬁy\?ﬂ} 0Bt - thbk: aphs EREERLFesistanceOfre at a
t enper at ur e ofadantim paperastas2B0gerthah 2esikaB6[err]F) for at | east 20
seconds but not nore n . Oferr] C err]F)
Preferred heat treat met'llr]ffe &%seggnaﬁfggﬁg?n%g{%\gﬁg% hie%aﬁ)'%zl?%at |%Jrf_ldof
pressure, 1Por method metpoadantoi hmereventhe estgnthgasicsipmes afo a
tenperature oftRbfamdWlctelkC bat 2Pyt td0iRerArES:he3Mimensionallr acti cal

benefit of the present inventi.on may be "achi eved by incorporating the
heat treat mentSTEPY Y © Dahes| midnt FEami HeSe RARSH%deri ng step of

paper maki ng operati on. In this case, the process conpri si ng

cal endering the paper at |easgummi@fRs¥ ate tfEnT@ond00[err] C and at | east
a pressure of 500 pli (89kg/cm. 1e preferred conditions for
i ncor por alBon of the HERg Presentr davenhionf pravigessanprees@mti®n into the

cal endering jpcreasing the solvent resistance of paper consistSfrRP, 1S tO
cal ender the paper at alterg)e ature of 35%’2“ and, a, pressure of 600
pli (107 kg/ crjSsentially of from 4Bpferdpeeealy ENPEPTHERRAW NGS 5

Figure 1 showsphkeh¥bsie spmspdthalamdbiel hehort fibeesi fesms3 anse3®Xpressed
‘SZ ptePei ﬁf{)c:”twé’{gﬂt? N$1d£ poly Gi-pRABLAAE! 2LBEAL ALY Shidl PPENG-{de arantd

20 and from 0 to 35 weight % of quartz fiber and
increasing the dimensional stability of laminates made
from such paper. The process of the present invention
comprises heating the paper without the application of
pressure at a temperature of from at least 280°C

25 (536°F) for at least 20 seconds but not more than 20
seconds at 330°C (626°F). Preferred heat treatment
conditions, without the application of pressure, for
the present invention are heating the paper to a
temperature of about 330°C for about 10 seconds.

30 Practical benefit of the present invention may
be achieved by incorporating the heat treatment of the
present invention into the calendering step of
papermaking operation. In this case, the process
comprising calendering the paper at least a temperature

35 of 300°C and at least a pressure of 500 pli (89%kg/cm) .
The preferred conditions for incorporation of the heat
treatment of the present invention into the calendering



solvent as a function of the tenperature and tinme of the h t ment
c3fifhles

of the pre%?qui’ﬁ}’entlon 10 Figure 2 shows a |east it of
t he percent of dinmensional stability as a function of the
tenperature and time of the heat treatnent of the present invention.

Figure 3 ShOV"%t@ | eqst t%%!@.'l@ﬁdfa!rt tRE HABeRSat SO vaRlerH8LSd &¥XCE as a
function of pape‘> ‘cal Figure 4 shows a

rin er at ure
| east squar es 3Pi% o?ngh% preg%l‘l”ﬁ%n%‘feg"rppaq R 5pi4%% $HE™ f unction of
cal endering t enper at ur e. DETAI LED DESCRI PTI ON
In the manufacture of prlgm@l- Wmﬁsbﬁﬂb‘?i‘bﬁsw THE ShRlithggrer s are first
| npregnated with resin, produci ng at are called prepregs. One or
multiple 25 |ayers ofFigurse lpsiyowege deastaniuared. fiThet delered

el ectrical cirgdyiidnt Ix%s%@aacwa&g@eggéagaa §ﬁé“ﬂé£-é|ent of ptEé’&@ﬁfe of :
appl yi ng photore5| St; exposin otoresist w

i g
chenical |y deVITSASR FRbp tained atfl'rréruHé?§6§€dtbﬁo?ﬁ?‘é§‘%s?ap%eﬁ'{';%l? y
etching the SCEOB)@mS@ds baacﬁ(@rmm eﬂipphé temnberabase cahdiyt tthe sef vi ng

t he phot or esi dtreatln h ed co r. circuitry with an
adhesi on prono Sttliﬁ E}t‘a&(t F&ESH é'gtntr‘%e hs pre?ﬁﬁg FBYGREERY phot o- i maged

| ami nate L9 hereafter Flgurere?eihcm; teo l@asén squames| ybr of thenunber of
these 35 innegdAyais ¥ &ilaiiy I&imn%tc%%ﬁq&?t agra !EﬁhEQJ.QﬁeoPrthe mor e

addi tional pr epr egs 1 n between the | nner ayers forma multilayer
printed wiring-YHRERAtHSR ésndarte““e of &he IhéétortrﬁéFﬁ‘E&tt REobBR or partially
through the present invention. VO 99/05360

PCT/ US98/ 14934 i nt ed N | nechani ca | aser, or
pl asma t echnol ogi es, E?é A con?kéc"?s ﬁh £ @}’% %lrtc tR} at pad
| ocati ons lﬂheselmtesr@snssttm as aelquto.plnatoédpaqptebr ce@padsermngot her

metal s or (ofs) A4 POl yners, to provide electrical connection
bet ween varl ous layers_of the pr| nted wiring board. The E‘@I nted wiring
board is then fini shed®i3re He Shows alaasit SqUanesyfite@icitheui ts) are

mounted on it &9mensicwd)| €igbihixprasteEwidting Facdlenderihy. 10
The aram d papgrs gseg ;gr printed wiring boards need to be resistant
to the solvent REthe resin fornmul ati on and ot her processing solvents
used in

DETAILED DESCRIPTION

In the manufacture of printed wiring boards,
aramid papers are first impregnated with resin,
producing what are called prepregs. One or multiple

25 layers of these prepregs are laminated. The desired
electrical circuitry is photo-imaged using a standard

process of: applying photoresist; exposing the
photoresist with uv light; chemically developing away
the unexposed photoresist; chemically etching the

30 exposed background copper foil; chemically dissolving
the photoresist, and treating the etched copper
circuitry with an adhesion promoter (oxide treatment).
This resulting photo-imaged laminate is hereafter

. referred to as an '"innerlayer®. A number of these

35 innerlayers are then laminated together, using one or
more additional prepregs in between the innerlayers, to
form a multilayer printed wiring board. Holes are
drilled or formed through or partially through the



form ng conposite paper or the |am nate. Papers of hi gher sol vent

resi st anceWOrPalE68t e into faster 15 production rates in t RETHVRREG4
process, and hi gher yields and efficiencies due to reduced strength

| oss and tearing of the resin saturated papers. Hi gher resi stance
to sol vents npkintédsel pigpelpagshpatsilbgemechanichlestaseral ey all the resin

systems bei ngpyééﬂaw\e&%oi ¥ CRiaR4nd Be8EacE O 1 PRI BbSe i ng board,
t hus maki'hg the use of se paper$S nore unjversal 1n this
appl i cati on. circuitry at 5&"@@3‘@?“@ progaet hehes 2hal HifRyer printed.

w} r |hn|g boardse]aeqt&-dslglsatt@cyauﬁm-d@wr,p@d- begest thathds 18’5 and registration
of holes to pads. pends. strong n.Lhe amount the
i nner | ayer% shPt ﬂcgl&e %gi@(pan'd Prﬁaﬁ%ﬁ EFFﬁFéﬁa&i ?%ﬂ eg%

fabrication betwpencessious plraapilgg Q?ﬁwd:ld@amatedmmniggoboardeny onal
stability all ews phenpad ¢iZ6sy dbH& %@'c‘h‘%& ‘B@.n%Qheli”Qﬁ&' gHers while

still allow ng the holestollne ng pOSSIb|etO pr oduce
hi gher densit fOpPPRERES (1ntggra Hi?eﬁcﬂ’slts) aré mouhted APBholgROt here are
heat treat mentoppeeesebe printedwiidihdg aaid akkambilpcrease the tensile

strength d 35 porogity_of t e eI S rs _treated hy.these
processes still fail ?53 p?oﬁmd Iﬁ?% eQ,seeF@%ﬁqr &5 Wl)hnlgesi st ance or
di mensi onal sb@bbrld'st peed thebe er¢$llstant itmprégnsoddeatieetin &he | ami nat es.
4 | forRG1APYERt NS &Ehéf‘%}x@&%‘%ﬁ%@ 268 0ELe] ﬂ@ga in found

t hat by a si reSlﬂeat treatent process t t he sol vent
resi stance of Pﬁ@1§ﬁe69maﬂﬁl'f-ﬁep%ﬁ’%r%‘fdﬂm lamingten | |Pla§°e§f5 P&ni nat es made

fromthis sheextlgelaﬁr belﬁentnﬁésasﬁsné@ s Idte iRito Fasiteysol ution
sat ur at ed rLetain

t 40% . of its dr rengt h,
and the | &Rin &éof‘rg EF?II %np PrRYTFELHSS 5 anl% é{’%tg%@ T02% of its
di mensi onal styamJJdISt pnd efficiencieSofwerts wainmrd stusagtin lose

formul ati on ofy | I o} th d papers.
el ude. ot hyISot e edone [RER o et T oy Rk i 0

N- et hyl pyr ol & 3PRRPFO R@%Vﬁgﬁx%owsmhese RARRE S (PRSI actur e of
prepregs incl vdaeree@spntiallpohylntHe, résih cydtadngs asdigig nesidisn 15 g

e e e Gt B
seconds, or tIRakigse rt§le usengf bbeReaprPETd BO¥E gidvarsieridt hd S or a
shorter application.
The successful production of multilayer printed
wiring boards requires layer-to-layer pad registration
25 and registration of holes to pads. The registration
depends strongly on the amount the innerlayers shrink
or expand during the printed wiring board fabrication
process. A prepreg and laminate with good dimensional
stability allows the pad sizes to be smaller on
30 innerlayers while still allowing the holes to line up,
'_making it possible to produce higher density printed
wiring boards.
Although there are heat treatment processes
known in the art that increase the tensile strength and
35 .porosity of the papers, papers treated by these
processes still fail to provide high levels of solvent
resistance or dimensional stability to the resin
impregnated sheets and laminates.



time, for exanple 330[err]C for at |east 4 seconds. By 20 i@'i‘ﬁlsw/ﬁﬁ fs t he

sol vent reNAEPHRL is increased with a correspondi ng increase
di mensi onal stability of the resin inpregnated circuit board product.
The preferred heat treatnment of the present invention i heating in

a tenperature range ofBfr RVEBEPERPE %’5%6?%???’% werfwraﬁxaveast 20
seconds but n@bupdr ehhbaby28 sémpbeshedt treatﬁt?él{teryﬂcﬁe(ﬁ&[lﬁttr oxh and

more Drefer ablyeneailade! DesRaPEhcllpe che ARMELATLE SO 3301 er 1] C

for about 10 seco surprising is that
t he pr oc ssebAdicwunfr dguinates made h@mmtﬁl’em rﬁémetofcatrh@ee,o present

i nvention,sthahchéabBe geTRhaat tHQ @bt { Nesin séutahfo%t sethuited esi st ance
and the Iomest dlnen5|ona

I ange. capnot full c lished in the
cal endering Sheeg ZFtaypp agy #FEFEngOFn% "e?re‘%ﬂé ?f}lﬁﬁ@s i es
may be real i zeshdothendamiaaae ngdehérbmathis epieprdég afetdhind e present

process into t @easq__al erat}e,r |o[‘;_gl§ge@lp‘gngp nal s‘fggfﬂ%’gakl ng operation by
at

cal enderi ng the erature t 300[err]C and at

| east 500 pI i Flsgﬂw@r@SsW@mmpnéYl pneedainsthe é@tmelntxclfsl@i ance

S ”%@irrﬁ%o@.%ttll?o%spﬁ"s@@”ﬁ:ooﬁ.mgééﬁﬁaéé”éhé CaSdh&d Pdbers I €t ai ned
after the paper I.s dipped i.n a Sﬁé ? be a solvent c;or t he
aramd fibri dSniuds Ydp ethydpketppe; (MBKY ‘iihfﬁ%'l’k&ﬁ} at Yo% he heat
treatment 5 i(OMF)t hewd al-eetdwilpyrsiepdohbe (mbyentkeeﬁmet@mﬂmmnn be
I ncreased above, 40% eratures re than
300[err]C. Fi Lf"recpétL Vw&eﬂé %t%rﬁlg%g%crease | repregfn%ﬁg} ‘% n%)}%‘i lity as a

function of t@h@lf@tﬁ%r iangl cyantaé:#pes&teur gesinsthis case at tenperatures

above 250ferr]C, 10 thg, ivay Qudiils 0k ihe BirdeRaLoNAbentdBh! i EHeis from
0.04% to about 0.03% Thusﬁgractlcal benefit of the resent invention

may be achi ev@F LS RS tedeto a ﬁ@gpeFFEHFFreﬁf‘ 6€ $1$R5br esent
i nvention int@adec (s3a?&t)erﬁzbar|atg lelhep Q0 papendski og biecpapearderi ng the

Lo paper A 2 BAMIA HAEpTe 'l b CEELhEB0eRL LoBRLrger | Preseure

of 500 pli e preterre I ons |ncorporat|on of . the
heat treat rrenttlme. i o etmtﬂai S3ECi Agrsakpleasttd setd:cmdhe.r tBe paper -at

a tenperatyre lgg}% %%‘L‘Dresen RIS Sue%l%fta%%]% re'rsma Zaégd ‘%E{Pre of

Arami d papers | nvVenti on “ar e Fomra m x
aram d short fqz@exesmn@n)g amrreasd jiy itde din‘@nﬁlloeaﬂraytbbléeh’poséd of

para aramd th@OLydBk Dhpragddi&s Sfrdata RAdBkadacean drhebers.
) . preferred heat treatment of the present invention is
heating in a temperature range of from 280°C (536°F)
25 for at least 20 seconds but not more than 20 seconds at
330°C (626°F), and more preferably heating the paper at
a temperature of about 330°C for about 10 seconds.
What is particularly surprising is that the
process maximum results of the heat treatment of the
30 present invention, that is the combination of the
- highest solvent resistance and the lowest dimensional
change cannot be fully accomplished in the calendering
step. Yet sufficient improvements in these properties
- may be realized by incorporating the heat treatment of
35 the present process into the calendering step of the
paper making operation by calendering the paper at a
temperature of at least 300°C and at least 500 pli.

Figure 3 show the increases in solvent resistance

5



25 Fibrid in aram d papers are forned from neta- i yrer .
Y B3ERgd Feistl Rk

The conce of floc and fibrids in the paper may range from45 to
97% by wei ght floc and from3 to 30% by weight fibrids. It is preferred

that the para-aram d_fl oc _be pol y(p-phenyl ene 30 terephthal am de) and the
meta aram d bBEPBEYEThas thepl%ﬁﬁ/eg’ﬁe"ifsaﬁﬁﬁﬁafz&ﬁ‘ﬁaéﬁ SEGEPEY ey’ be used in
form ng the papeasned &fieepridsedapervdrt dippedd iy solveadgkndwam 0 to 35%

o the sheer 48 Baig pstvélic {0 cne RIRR:ACTRITAY O BhindBL A OO0 PA0CC
to the pEheeaheehyenfidn, ingnrpsasdiomapibdhieccatt freatoént appl i ed
6

pressure, ®r tREcPtRECESIOMAEFENPIATYI the solvent resistance can
i nvention nmay, be,i ncorgorat ed into %IEH endering. W he process of the

- \\hen t he
present i nvenPPoRPFESRREH FRPYR tP* Whet (R SASn FEFPRYERERSOf t he

paper neking pkecfsge thantheownl erdgiriust shewBBtAtaiAededée aid enperature
high 5 enough to heat the paper to the required tenperatures of the

process as is94R6RFIPRAL §ERREIT:AMS £ function of biwesalgsdprdsdss of the
present 'nvemi:'eﬂxPe'rﬁture.Cé‘iﬁ'@l‘iiié_""éiwtatt RenHIVd s BrdvePh8888 €, the

heating is nornally acconplished in an oven, where the 10 paper is free
from any PP eséivee 1apgovengntiein ntlrg rimensionadhst@bitld tiyndgr Erbmat, wri nkl e

free passage of, ol4ieto abBapes. v NOUFNE idkaas ddn Hu<FHieS HETRERI ne
direction p%per endicular to the direction %t_he paper rnovenent).

Typi cal |y t he B5E6E8Ss 18V ePhaoprBe ei?f@b’rﬁ‘f% VIROTEPTaEANG; Efeout after
t he usual cal éecer trgastiepti aft tike pregpapEerimedatigprprianes TheA t ypi cal

cal ender operat] .0 4 ' ' rQce | t enper at ures
ol ow iz0pciApdeing etPE BERGoCRIIt S W ROR il i el TR e

heat trealhentpagfext g pr ésmperabvratobmt 2east 300°C kndt ke tasstod

I ncorporating _the at tr i t he,cal endering, step, the

cal ender nmust %%Sfm%engi%nt%gpgggkat(a%kqgén“g)e‘r at(:all'}l’ee Bt ere“ﬁ%iugh to heat the
paper to the raspditdensefpar angprpofrathen ppHcelse heat treatwmerdal enderi ng

process, sincedde ﬂ@ﬁao%ralie%d!éﬁ}@ﬁ@ Béepprf§5&6?céi@nﬁ@@ttﬁé aéhﬁé%:r de0 the
sheet fromthe heated rolls is nore efficient, and the "heat treatnent

of the pagertenpenssurec ofpBraffeangd a nResFUTEWaE 609 BdAcd107 tine,
e. g, heat jbreaid ign)in an oven requires 4 to 20 seconds of residence
time whereas a cal ender can, 30 acconplish the heat treatnment in | ess than
one second. The r &AL PIPEFE PE FRBPBFEFBREAI 1R¥eRREOR| 3Rt er of

formed from a mixture of aramid short fibers (floc) and
fibrids. The floc may be composed of para aramid
polymer or mixtures of para and meta aramid fibers.

25 Fibrids used in aramid papers are formed from meta-
aramid polymer. The concentration of floc and fibrids
in the paper may range from 45 to 97% by weight floc
and from 3 to 30% by weight fibrids. It is preferred
that the para-aramid floc be poly(p-phenylene

30 terephthalamide) and the meta aramid be poly(m-
phenylene isophthalamide). Quartz may be used in
forming the papers of the present invention and may
range from 0 to 35% by weight. All weight % for the
- paper composition are calculated based on the sheet

35 weight. '

In the heating of the paper according to the
present invention, the paper may be heated free of
applied pressure, or the process of the present

6



t he cal end since the higher roll dianeter corr a
hi gher ni p%%ﬁ#@%d avai |l abl e resi dence tine. Cal ender?%glll%?sﬁer
dianeter rolls 35 can acconplish the heat treatnent at a faster speed

than cal enders, with snmal |l diamgter rolls. . TEST
NVETHODS invention may be 1ncorporated7lnto calendering. Whenpsj|e

strength was ness wrstear @ilitte preAShY invbhthef Dslf8dorBorskagnsi onal
stability of t sure cordin to | PC- TM 650.

The Tol | ot ng e | LRdARI R B8 REROPRRAE, BT BTPSEREn of the
present procedshe calender must be malntalned at a Exfprétibe high Thi s

S an exampl e desei WAtddte &fd Pebed! co nBeBLahi Bkl PUnFEPs ILIED

papers, at vari enper at ures _and resi den W t hout
pressure. Sol t 1-1"%slgi’%‘?%ﬁ‘ﬁ,se afd sreheumednr Bigunes 3 apdpérs as descri bed

bel ow, and the dinensiwheh e Ptcdddd iof theprErs%ﬁ% Eﬁ@@nﬁ:&@fp {hese papers
was al so rreasure as, ,descr.i.bed b Iow . aga pers include vari ations
P

in the conposiTiphed without the &F&ﬁl&n ePE¥eEBHEBscl8f PPD-T short
fibers and MPChéafimyiis Mrmaéxlghtaqmw@dmsheﬂsmhaanﬁan behexewene fornmed

on an inchigne y]_;ghﬁ 1N and these ers.were
cal endered by %%ésfnlwré@ . ggg\%\g%n §nga|lrg upsﬁléaﬁg l‘(‘?%rrperatures

and press uF@%h%rF‘be’rWr%afﬂ&tsu wrdgklet Szker pregsagSonE the of these

cal ender ed papgaset Nwithdut QHR Wiy Ren t'ih%atcrgés haeg&ﬁd EXrQéE%Hg
t hrough a heat ?d oven.for Varlosl%éi eri,ods of residence tines. heat

treated papers PETPERYTHIRT di &S0y 8F thRsPRRET! F‘@H@lﬂﬁnt
properti es befBypiaallnftise prawmswertt weh pBHEemI i@fention mAgSBet ests

wer e condyt edebyr£ud 109 2k EAThel skl i ooli09 BAGRLoSLET pRT T om cach

test item One set (five speci nens e tested
for tensile P3aPe¥ BHGPE RIRR{TS s AudivRgcad Icnétendnr ﬁperseaondlset

was di pped intohe gaPas Dk ity \rdcdsy €0 3@CcarRds edPdratures below
120°C , much lower than that required to accomplish the
heat treatment of the present invention.

20 In the case of incorporating the heat treatment
into the calendering step, the calender must be
maintained at a temperature high enough to heat the
paper to the required temperature of the process. 1In
the calendering process, since the paper is under

25 pressure the heat transfer to the sheet from the heated
rolls is more efficient, and the heat treatment of the
paper can be accomplished at a much lower residence
time, e.g, heat treating in an oven requires 4 to 20
seconds of residence time whereas a calender can

30 accomplish the heat treatment in less than one second.
The residence time is proportional to the diameter of
the calender rolls, since the higher roll diameter
corresponds to a higher nip width and available

. residence time. Calenders with larger diameter rolls

35 can accomplish the heat treatment at a faster speed

than calenders with small diameter rolls.

IEST METHODS




then the tensil ﬁtrength of these solvent treated 35 speci SoRR s34 tested
on an Instwgr‘?@fz’f in five mnute fromthe tine of solven appllcatlon

The tensile strength of the solvent treated sanples divided by the
untreated sanple strength defines the sol vent

8 | resi st apeas@fiet beréﬁgpheﬁvq%nﬁ@ééﬁ%@sa&ﬁmﬂig d&bre;sm

sol vent resistance .o ens_are sho 0 neasure

t he di mensi on¥et ngb%Fﬁ?§5 #he Dim ?@ﬁkﬁVw%wﬁ%é&ﬁ%ﬁﬂ%éﬁ%&hﬁn a standard
vertical 5 plemieggengasoneasusedgaepoxdingsic IECHTMy 650Tg of
approximately 165[err : wer e prepared
usi ng a vacuum press. ]ﬁﬁh -Egg%éhvglh ?Q‘%ie §%+@5@4§%ese | am nates were
measur ed b§ fanﬂ.11mltﬂP§cFﬁé“EF§éFé@np®fn%%ﬁcﬁf#%ﬁnt(RﬁQRﬁﬁﬁ -of 15" x 24"

10 l'aminate. The relative position of these points were measured on a
Confirmer Coordi natograph (X-Y Table). The copper fromthe surface of
the | am nates were et ched of f using ammni um persul fate sol uti on and

t he | am nat es then baked at 120[err]C for 60 mnutes. The 15 rel ative
position of these points was again neaghifmon the Confirmer. The
difference between the original neasurenents and after etch/bake

readi ngs A9 the diThessilenan sxappilet deegpibinadthe pEfeehtohf | ength

change. The reasdit $1fatdndEpPpaRapdt abphht¥s 201 Eastifp@ents are al so shown
on the table below
temperatures and residence time with and without
pressure. Solvent resistance was measured for the
papers as described below, and the dimensional
15 stability of prepregs made from these papers was also
measured as described below. The papers include
variations in the composition.
100% aramid papers composed of PPD-T short
fibers and MPD-I fibrids at weight proportions shown
20 below were formed on an inclined wire, wet lay paper
machine, and these papers were calendered by passing
the sheets between a pair of heated (temperatures and
pressure shown below) hard surface steel rolls. Some
of these calendered papers in roll form were then heat
25 treated by passing through a heated oven for various
periods of residence times. The heat treated papers
and controls were tested for tensile strength
properties before and after treatment with DMF solvent.
These tests were conducted by cutting 10 each 1" x 7"
30 1long paper strips from each test item. One set (five
specimens) from these samples were tested for tensile
strength properties using an Instron. The second set
was dipped into a 100% DMF solvent for 60 seconds and
~ then the tensile strength of these solvent treated
35 specimens were tested on an Instron within five minute
from the time of solvent application. The tensile
strength of the solvent treated samples divided by the
untreated sample strength defines the solvent



9 TABLE 1 TE SIS
wWr. FLoo FIVSRPS360cal ENDERI NG HEAT TREATNENT PeTiobidfaott

(o0z/vd) RATI O TEMP PRESS TI ME TEMP Tl ME

% C pli . sec [err]C sec 5 Al-1 1.6

87/ 13 150re%¥3&dhd§ﬂhf the sample expressed/fas-percent. The

" Al-3 "

" " solvent ;ﬁﬁ}stagcg ofotesg %Feéé ér& shown below

Mmoo o |mgaspre the dimensional stability, the

§3onﬁ 6;4 . paﬁ%%ilﬁ%?%gprepregged on a standard vertical ., o
" A- B| | -Prepregging tower using epoxy resin havingra Tg ef » 45
A-l1l-5 approximately 165°C. The 2 ply copper clad 1am1nates !

: " " were grepaned'hsing a vacuum érggg 6 The dlme§§bona{9 0 "

A-1V-2 stability of these lamihates were"meiasured by fi¥st20
g placing precise points on four corners of 15" x 24"
10 laminate. The relative position of these points were
measured on a Confirmer Coordinatograph (X-Y Table).
The copper from the surface of the laminates were
etched off using ammonium persulfate solution and the
laminates then baked at 120°C for 60 minutes. The
15 relative position of these points was again measured on
the Confirmer. The difference between the original
measurements and after etch/bake readings is the
dimensional stability expressed as percent of length -
change. The results of dimensional stability
20 measurements are also shown on the table below.



A_ V_ 1 n n n n

. “PCT/US98/14934
330  78. (W05 _\, 5 z " " PCIUIPBAL:
B-1-1 2.0 90/ 10 150 4950 0.028 25 CGl-1
" 93/ 7 150 4950 0.028 D1-1 " 90/ 10
250 1678 0.030 E-1-1 TABLEG1 87/ 13 350 603
0.013 Jesi- PreM  BASIS'WT. FLDC/FIBRID'" CALENDERING HEAT TREATMENT E-| - 3
n n n !Qz!&d! RATIQO TEMP PE&_S_M!!@ TEMPD TIME 90/ 10
150 4950 0.028 350 19.0 % C-f8/-1 pii sec °c BE/ 7
" " ! " " va D- | \{- 3 . _90/10 "
-I- 1.6 87/13 5 5 .028 -
" > AMI-r, TR S b R o 87/13 150
4950 0.028 A-I280 3.8 Frrr-1 0" e ®o == T=- "
" " A-I-'i 6 4 F' I V— 1 [ L " - - l'-.. "
" : 19.0 10
TABLE 2 TEST | TEM TENSI LE STRENGIH SCLVENT DI MENSI ONAL
STABI LI TY A-II-1 * AS-|S AFTER DNF RESI SFTANCE 339D 3.8 XD
AVE 5 10  A-II-2 (1b/in) w (9 o (A " (W (%
Al-1 55 2.0 22.0 - 040 044  .042
a-ITI-1 " " " " " 330 6.4
A_III_z n 1§ " 1 " n "
A- I I I - 3 n " [{] 1] 1] 1] [
A-III_4 ;] n " " fn " L]
1 5 A- III- 5 " 1] (1] 1] 7] n "
A- III- 6 " " n u 1] " n
A-IV-1 " " " " u 330 19.0
A“IV“Z L] ] " " 1] n 1]
20
A-V-2 " " " n " 330 78.0
A_ V_ 2 " " n " n 1] 1]
B-I-1 2.0 90/10 150 4950 0.028 -- -——
25 c-I-1 " 93/7 150 4950 0.028 - -——
D-I-1 " 90/10 250 1678 0.030 -- ———
E-I-1 1.6 87/13 350 603 0.013 -- -
E_I-2 n " 1] H L1} - - - - -
E_I-B o n " " H -- -
30
B-IV-1 2.0 90/10 150 4950 0.028 350 19.0
) c-Iv-1 L 93/7 " [} [} " "
D-IV-1 o S0/10 v [ fl " "
35 F-Ir-1 1.6 87/13 150 4950 0.028 280 3.8
F-III-1 n n L} L} ® “ 8.
F- Iv..l #u [ L] " " 11 19 . 0
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A-l-2 8.8
Al-3 WO 99/0§360
All-1 7.8
A-l1-2 10. 6
A-l111-1 7.1
Alll-2 9.4
A-111-3 TESTS ITEM
Al11-4 11.8
Alll-5 5 886
Al111-6 1;_§,
A-1V-1
A-1V-2 @-7 3
A-V-1 13-1-3
52.8 25 B-1-1
. 033 Cl-1
. 041 10 DA-11-1
.026 30 E p[_ﬁ 2
. 026 E-1-2
. 029 E-1-3
015 Bz
017 35 C
-. 006 [é\%}
017 i5 RAqIpI4s
023 A-ITI-4
A-III-S
A~-III-6
20 A-Iv-1
A-IV-2
A-V-1
A-V-2
25
B-I-1
C-I-1
D-I-1
30 E-T-1
E-I-2
E~I-3
B-IV-1
35 Cc-IVv-1
D-IV-1
F-IX-1
F-III-1
40 F-IV-1

[
l
|

PRNOED
DOOOON

25.0 . 036 . 042

13.0 . 074 . 004

64.0 . 015 . 025
71.0 . 014 . 032
6ZARLE 2. 009 . 009
47.0 . 015 . 024

PC"r/g%ge/w.’fO

. 020

. 023
. 009
.020 15

smssxm STRENGTH 75 SPLVENT (2 PIMENSIQNRL STABILEZY

11

10AB-IS AFTER DMF QOREPISTANCE11MD QOB 38
6.5 (Ib/in) . 76 0 (%) Q23 _(%) nf)o (%) o _
389 2.0 83.0 22,6029 (40 03Qp4a 0322 20
86.0 .013 013 . 013
6378 2.2 69. 0 25, 0 004 .036 014042 _ 00(559
779 1.0 60.3 13.0 A-M7d .004 10. Goae
10. 3 0.5 5.0 .036
6.3 0.4 6.8 . 032 . 049
712.4 5.0 1.0 €4.0  §1F  .0836 -020035
10182 7.6 9.2 71.0 4640 03911 023 040
16. 2 10. 8 67.0 . 026 . 031
16. 6 11. 4 69.0 . 020 . 009
7221. 7 4.813.9 67.0 6elos0 .00016 .009 017
10. 8 6.5 6 -..004 -
515 g 410 CEF, 020050020 (oo
7.3.4 5.5 4.6  75.0 4@  .01919 -018 026
11.8 10.5 89.0 .011 .005 .008
8.5 6.5 76.0 .023 .020 .022
11.8 9.8 83.0 .029 .030 .030
8.2 86.0 .013 .013 .013
. 6.7 69.0 .004 .014 .009
13.1 7.9 60.3 - - -
10.6 5.6 52.8 -- - --
10.3 0.5 5.0 .036 .029 .033
6.3 .4 6. .032 .049 .041
12.4 1.0 8.1 .016 .035 .026
15.2 9.2 48.0 .01l .040 .026
16.2 10.8 €7.0 .026 .031 .029
16.6 11.4 65.0 .020 .009 .015
21.7 13.9 64.0 ,016 .017 .017
10.8 6.5 60.2 -.004 ~-.007 ~-.006
24.7 16.9 68.4 -.030 .003  +/-.017
11.4 4.6 40.0 .019 .026 .023
6.2 4.1 50.0 .026 .031 .029
8.6 6.1 71.0 .020 .009 .015

029

. 007



F-111-1 8.2 4.1 50.0 . 026 . 031 40
F-1V-1  WO99530 6.1 71.0 . 020 . 009 PCT’US”G‘_P%M
Conmparison of items A1, AIll, AIlIl, A1V, AV, F- 1, F-111 and F-1V
on Table 1, show that heat treating these papers in 330[err]C oven for:
at least 5 4 seconds result in solvent resistant paper which retains

at least 50%of its original tensile strength. ‘At _280[err]Cto attain

the same strength | evEPTPFEISOD Qfditplifc &-th:mB-Ads AoIB&:af F¥ast 10

Iseconds see a-v, Frgurg ﬂ*m’harﬁme-meam mapakment shbw3BRkerng&xfor at 10
east 4 secon t RS y of 0.020%
whi | e at 280[g¥r§§#ﬁe&rl%£s]el O%%Bé}?%% 3% érgp%r% Qé apé# a di nensi onal
stability ®f @.6806nds rgﬁﬂ&iLgntsplmknsea@ﬁdstaseepﬁpgurwhzchThese

properties re@é?né' gpi {e£a0td o Q?f.t th:r an%ﬂnﬁq g%ﬂ%&%sst%’éhgéhca” 15

only achi eve sol veng re5|stance I rensi onal ability of >
0.035% At tglte |51a@ﬁssﬁrﬁngﬁhlleteli the1 and E-1, in

Tabl e,d )ShOW C%bgmaehbagt@ﬁem etré]& A NRrEt |13Wseconﬁe$| geace tines (<0.1
seconds), res Ln SO n Cc ntal ns at
ll!Jtlgu g SoLyg % enréc?aﬁ:z t;rt[ A, #t G o“@ E$ ;

| east 40% of ori gina reng trea wi th 100%
DVF sbd vedeassed Begonés 3resaht s aire slawicha ther @ﬂrmtensgenal pape’rs provi de

a di mensi onal cphghhlitlyoef oab26€aSkhile £t G s8RE Eégya@née Ephendering
tenperatures of 25.25 L_{grr]C or less result in much Iower sol vent

resistance  reqpiged; kEn¥iehdl 2 sEHMNF Qe St@ddty, of 0.020%

goes up to 13 seconds, see Figure 2. These properties
are significantly better than the controls, which can

15 only achieve solvent resistance of < 20% and
dimensional stability of > 0.035%.

Comparison of items A-1, B-1, C-1, D-1 and E-I,
in Table, show calendering at 330°C, at very low
residence times (<0.1 seconds), result in a solvent

20 resistant product, which maintains at least 40% of its
original tensile strength after treatment with 100% DMF |
solvent, see Figure 3. Laminates made from these
papers provide a dimensional stability of at least
0.025%, see Figure 4. Calendering temperatures of

25 250°C or less result in much lower solvent resistance

and dimensional stability performance.

12



12 CLAI MED | S: f—Aprocess f ni
t he sol ven?m?%géqsg ance of aram d paper_havi ng from45 tg’CSL}&\%ﬁe’?%?‘t % of
pol y( p- phenyl ene t er epht hal ani de) Tﬁtﬁ ee‘f R 6’m 3 to 30 weight %
omO to 35 weight % -
b| lity of

of poly(m 10 phenyl ene isophthal am de)

of quartz ¢tng the d
| am nat es made from such paper, the process corrprl SI ng heating t he
paper w thout the application of pressure at a tenperature of from at

| east 280C (536[err] P)1.f oA atprosasis Z0rsévondasbog bbe a6lvemte than 20 -
seconds at 33Qf er%ﬁa[rﬁrer@ aram:.d Faper cons?.stﬂi'? PEOERSH Piy d@i m 1

wherein the from ort pol y(p phenyl ene
t er epht hal &m dgso‘“ 45 fip &% %hg t‘o°§0%’$¥ RePR@Ry %’P?r( m phenyl ene
'SOphtha'a”1Ckﬁeé€bﬁﬁﬁﬁlékide) short fiberd, £I6R Preoccss wéighwiMmod

wherein the pa r eat eas 3 Cio | east 10

wher i1 the DSy (8 Healtbng skBrihgh SRR RLELIRE L85 Blohofole 10,

of arami d mpﬁ:lg’mmgﬁ rq;mrzl:& 1f0-b91" mdghnc%aélpgl viie- phenyl ene

t erepht hal am N g oLy

phenyl ene i sogﬁrﬁ&%m dgj) b%{%o oy s?q;anr?’g rom S%E @éde/o %ﬁﬂ % I?} quartz

fi ber andlPncreaRehg iR REQRIRS GOAPXEAR | ?té¥1939hel Bﬁ?ﬂﬁt withage from

such paper, thendr AsETEcHoieH i rpcressur@alaendetemge&beuﬁapef groheast a

t enperature of%B%%['e#é&o% a(r;gaa{,.) fo)fhe@sfeaas‘przeossur eon%‘f ?ﬂ %I |t (89 kg/cm.
Catten

5. The proces al m 4 Wwher ei er i's eréd at 350[err]C
and at a presswexe oth®&R | seq¢apis Ieg:/@ri)mc (626°F) . 6. The process of
claim4 wherein the paper has from 70 to 97% by wei ght short

pol y( p- phenyl ene terepht hal am de) fibers and 3 to 30% by wei ght

pol y(mphéw’i\)/ll ene i sophghal The RYOSRRY ¢k itledim 1 wherein the’ paper

consists essentially of from 70 to 97% by weight short
" poly(p-phenylene terephthalamide) fibers and 3 to 30%
by weight poly(m-phenylene isophthalamide) fibrids.

20 3. The process of claim 1 wherein the paper is.
heated at about 330°C for about 10 seconds.

4. The process of claim 1 incorporated into
the calendering step of the paper making operation, the
25 process comprising calendering the paper at least a
temperature of 300°C and at least a pressure of
500 pli (89%kg/cm). '

5. The process of claim 4 wherein the paper is
30 calendered at 350°C and at a pressure of 600 pli

(L07kg/cm) .

6. The process of claim 4 wherein the paper
~ consists essentially of from 70 to 97% by weight short
35 poly{p-phenylene terephthalamide) fibers and 3 to 30%
by weight poly(m-phenylene isophthalamide) fibrids.
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THIS SHEET HAS BEEN
REPLACED



