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" Technical Field The present invention relates to a heat-resistant fiber
paper sheet.  which has excellent heat resistance and anagygRbiemjosel ectric
insul ating property at high tenperature and in high humdity and can
suitably be wused for lamnates for electric circuits and to a nethod for
produci ng the 10 heat-resistant fiber '&a‘per sheet, and to a prepreg using
t he -heat-resistant fiber paper sheet. In nore detail, the present
invention relates to the heat-r @3ESCRIPTIONr paper sheet which is made
fromstaple fibers conprising a heat-resistant organic polymer, undrawn or
|l ow ratio drawn para-aromatic pol yam de staple fibers, and an organic
resin binder and/or 1FIEATRESISTANTHIRER MERER SHERRNt organi ¢ pol ymer
as main conponents and to the method for producing the heat-resistant

fi ber paper sheet, and to a prepreg using the heat-resistant fiber paper
sheet . 5 Badkghaitid Field 20 Vari ous characteristics such as heat resistance,
heat - r esi st ant i mensi onal stability, moisture -resistant di nensional

stability, el ectrti%cPT4SREBLIRYFHIOIeIsEeS 0 ah%@r@@#ﬁanbﬁbﬁéﬂ@eméeethardly

causi ng t e¥lacRNhas GHEYREM heaﬂ\@t‘él@ﬂan(@f ahaeaﬂ. 'é&%lleﬁﬂ“gléckﬂétﬁgﬁfat?ﬁ%
use | am. nat es electric circult 5 Si nce

required for substr {
‘seat -r esi BYSRRILY| %ﬁ %ﬁﬁ%‘?‘%ﬁ%@ﬁ’g ad 1 high le%mléxtymﬂducenmmblasbmeat
resi st ancﬁse@|f6f3ﬂémﬁnaﬂe‘é%o@téléﬁincl‘@?émfﬁ§h§tt%n5 rﬂéﬂﬁﬁsfof’gﬁ%dﬁ&ﬁl%' lidy and

i ghtness. in conparispn wt ose of other raw nmateria
heat - {&si Beatiresipluy %%%Pa%%@@taae d te ceRtaRreBeinng be depgresiséant

subst r at eﬁbepf d éli’ée%s ﬁﬁrmﬁi@f&e’téﬂ hé Cp%&ént %Qvfdﬁoxﬁf@fé%&toat}%gfggt

sheet [JP: A 2- (hereunder, JP- means " Japanese Unexam ned
Publ i cat i gela§ res;qsia,g 4,fg)p@8 paper sheet which is made from staple fibers
compnemg a heat-resistant organic polymer, undrawn or low ratio drawn
para-aromatic polj—famide staple fibers, and an organic resin binder and/or
15 fibrids comprising a heat-resistant organic polymer as main components
and to the method for producing the heat-resistant fiber paper sheet, and to

a prepreg using the heat-resistant fiber paper sheet.

. .Background Art _
20 Various characteristics such as heat resistance, heat-resistant
_ dlmensmnal stability, moisture-resistant dimensional stability, electric
_ insulating property, deformation resistance (hardly causing torsion,
- curvature, waving, or the like}, and lightness are required for substrates
| used for laminates for electric circuits.
25 . Since seat-resistant fiber paper sheets are excellent at points such
as heat resistance, electric insulation, heat-resistant dimensional stability
_and lightness in comparison with those of other raw materials, the
. heat-resistant fiber paper sheets are recently being used for the substrates
of laminates for electric circuits.

30 ' For example, a paper sheet [JPA 2-236907- (hereunder JP-A
means “Japanese Unexamined Patent Publication”), JP-A 4-6708]
comprising poly-meta-phenylene isophthalamide staple fibers (CONEX®],
produced by TEIJIN LTD.) and poly-meta-phenylene isophthalamide pulp,
a. heat-resistant fiber paper sheet (JP-A 1-92233, JP-A 2-47392)




conpri sing pol y-neta-phenyl ene i sopht hal am de staple fibers ([ CONEX(r)],

~ produced by TEIJIN LTD.) and pol y- net a- phenyl ene i sopht hal am de pulp, a
heat -resi stant fiber paper sheet (JP-A 1-92233, JP-A Z-ﬁlgjﬁa%%)ﬂgzz%oéanuary_
2005 conprising copol y-para-phenyl ene 3, 4'-oxydi phenyl ene terephthal am de
fibers ([ TECHNORA(r)], produced by TEIJIN LTD.) and an organic resin

bi nder, and the |ike, have been proposed. However, the fornmer not only
shrinks when thermally treated at a 5 high tenperature of not |ess than

250x, but d : - o IQr. & Dy . lcal,l i roperty
TnUa hi gh CPPReeSRRY Pac phBh Gl 53 BRydiBREEHIENE, cerlPhlilaRAaR o
content (vhers (8 NORA®E nrodsoschint JHQeLTDlr)pamde arf)mrgamicem;in o
Th by, t 8 ed for _electrica i nsul ating substrates
fore.r\i/hiych @?Shﬁr%ﬁ%lﬁﬁaﬁ?@%@e?%%‘uﬁo@ 5¢%0 on the other hand, al t hough

having a smal | edlowétar] tha fovinetrurcs ondpsheinksgwiiea thmmliyrmgati‘ad o ]
content, t I, I t upiformty and pel.iability in the
Chi ckndss MR BDEral®, % TR B0 C Bt B Blebk G I infiion e
organi c r edéctricabdnasasing pebperigoimpenkigh hamidisy bf@tl:a/usa aaaix@dﬁqarg@e front
and back gides. of.i.the paper sheet .ina 1 roces L N aper
. sheet to ?%% ceeqLH’}%H&lgﬁtnSthtlbr@ e ?E‘H@?erp %ﬁﬁﬁﬁe‘?ﬁé |tgaés/f’ié1%ﬁt agﬁgg ayer
~ portion ofimipurepiapecorsteatt . Tébys thé ?Meh&&txrl 066 ibst asdd ffdnb%ﬂ%d%ﬁl@gl sheet
‘is used as_a . substrate of .a | am nat r el ectric circuit board,
troubl es AAVE IPtgeWbs%E‘%tﬁ? f%rdwgmﬁ{éa ’t‘eﬂ@bgﬁ%wub‘fedt he paper substrate,
the muwoual 20 noQ@anehd otfer thundp abioulghr Havigiesd sitladl ddiELSIR HElsBhFOr at e
the uniformt of th%&@fer density distribution, and the formation
(torsion, C‘&]&?‘a\}éﬁt%ﬁ%,a NEPOYe LRE FObERt oG Hatter Aasat cPrablemnEhad ectri c
circuit boaifdrmfity andaelibbilitydht the fHekiésdi difedtiorfobfledphprebh&w fycocess in
whi ch the f{ber apet sheet 1s especially treated at _ a high tenperature,
because t A8 e&%&ﬁ%‘ﬁoﬁe?ar’rlsf*h@nﬁrg?ﬁé?/é'ﬁ_ﬁ’éls§158fi Bhe ipley PamRAReREsSeci al | y
in the thunkvesly diigeaedosn) thodironshasdi backefsided bR €He (RIptrSéhatdid Be
d_et eripr af)i'o%re]}sé Tof dmhgﬁfnvgetﬁg rp%%%r sheet to reduce the content of the binder
component in the middle layer portion of the paper sheet. .
- When such the heat-resistant fiber paper sheet is used as a
substrate of a laminate for an electric circuit board, troubles have often
- occurred such as the breakage of the paper substrate, the mutual
20 movement of the paper-forming staple fibers to deteriorate the uniformity
- of the fiber density distribution, and the deformation (torsion, curvature,
waving or the like) of the laminate for the electric circuit board, for example,
~ after the finish of a solder reflow process in which the fiber paper sheet is
. especially treated at a high temperature, because the expansion in the
25 unevenness of the impregnation (especially in the thickness direction) and
- adhesion of a mixed varnish and the deterioration in adhesive forces
between the fibers due to the partial melting of the binder resin are caused
ina process for producing the laminate, especially in a process for making a
prepreg by impregnating the heat-resistant fiber sheet with the mixed
30 varnish such as an epoxy resin and then drying the impregnation product,
a process for laminating and shaping the said prepreg, and the like.
Thereby, the heat-resistant fiber paper sheet is not preferable.
' ' Further, a paper sheet [JP-A 61-160500, JP-B (hereunder, JP-B
means “Japanese Examined Patent Publication”) 5-65640} has also been




between the fibers due to the partial nelting of the binder resin are
= caused in a process for producing the |am nate, especi al I y in a process
for making a prepreg by inpregnating the heat-resistanjg§ B@:ﬁ,z%ﬁget W th
the m xed 30 varni sh such as an epoxy resin and then dry| ng
Jinpregnation product, a process for |aninating and shaping the said
prepreg, and the like. Thereby, the ha&at-resistant fiber paper sheet is
not preferable. Further, a paper sheet [JP-A 61-16050.0, JP-B (hereunder,
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aper sheet,and 15 co r|5|n t he neta- al ol.yam de have a
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15  comprising the meta-aromatic polyamide have a high equilibrium moisture

content and a large impure ion content, the paper sheet has had a problem
that the paper sheet is very often judged to be defective in an electric
insulation test carried out in a high humidity.

Namely, when a laminate used for an electric circuit board and

20 formed using the substrate having a high percent of water absorption.

- (equilibrium moisture content) in a large amount as a main material is
energized in a high humidity for a long period, the contained impure ions
- are migrated to cause the failure of electric insulation. Therefore, the

_ laminate can not maintain reliability for a long period.

25 Further, an aromatic polyamide fiber paper sheet (JP-A 9-228289) _
comprising staple fibers comprising a para-aromatic polyamide and staple -
fibers comprising a meta-aromatic polyamide has also been proposed, but
since the meta-aromatic polyamide fibers are used, the paper sheet has a
high percent of water absorption and a large impure ion content, and hence

30 has a problem that the paper sheet is often judged to be defective in a

- substrate electric insulation test carried out at a high temperature, and a

problem that an interlayer electric resistance value in the thickness

~ direction of a printed circuit board is largely changed, when the absorptlon
~and desorptlon of moisture are repeated, as described above.




(equilibriumnmoisture content) in a large amount as a main material is
energized in a high humdity for a |gng period, the copsal E&id@gure I ons
are mgrated to cause the failure of electric insulation. refore, the

| am nate can not maintain reliability for a long period. 25 Further, an
aromati c pol yam de fiber paper sheet (JP-A 9-228289) conprising staple
fibers conprisithgugh pariver bineds of pbeyberitoeesatdnt tilpirepapermeheetsonpri si ng a
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4- 28 ihazalstiye 20Q6riald.hough various kinds of the heat-resistant fiber paper
sheets have been proposed as descri bed above, a paper substrate has not

" been realized which has a | ow percent of water absorption, a |ow inpure
I on = COfHctdure @f¢hé Tapéndbactri c i nsul ation, excellent uniformty in the

t hi ckness of .t he papey sheet, good nixed varnish,i reabi lity, excellent
nterlayer OUISEPRT by the RISt IRVERIORARJERIVENE PoRrraitedhy i s used
for elfiedr ipapbr dHesbl whidly et excellent Deat! fstivtanoé, eheellonteheatn The
obj ect. .of the present.invention is.to ovj de heat - pesi stant . fiber paper
sheet %ﬁ’re&?l?fhag egiﬁlg‘lﬁﬁt%nte’??gialfm e?ﬂ%‘?(ﬂﬁie?t%;?g@?’l e‘ﬁ‘tceﬂ%%ét B%Fﬁé%si onal
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- and to provide the laminate.
The inventors of the present invention have zealously examined to

" solvé the problems of the conventional technologies as described above, and
have consequently investigated that a desired heat-resistant fiber paper

- sheet is obtainedvby bonding one or more kinds of staple fibers comprising a
" heat-resistant polymer, such as staple fibers comprising pfesently
commercially available general para-aromatic polyamide fibers, and
" undrawn or low ratio drawn para-aromatic polyamide staple fibers having
- a specific gravity of not more than 1.380 and a breaking elongation of not
more than 5.8% to each other with an organic resin binder and/or fibrids

N comprising a heat-resistant organic polymer, which exhibit a binding
performance at a paper-making stage, and then treating the made paper
sheet at a high temperature under a high pressure to cure said organic

- resin binder, and/or partially soften and/or melt the fibrids comprising said
-heat-resistant organic polymer, and/or the staple fibers comprising said
~undrawn or low ratio drawn para-aromatic polyamide staple fibers, thus

-strongly binding the single filaments forming the paper sheet to each other.

Accordingly, a first aspect of the present invention provides a




and to provide the lam nate. The inventors of the present invention have
zeal ously examned to solve the problens of the conventional technol ogies
as described above, and have consequent|y investi gated8 fimary2ssi r ed
heat-resi stant fiber paper sheet is obtained by bonding one or nore kinds
of staple fibers conprisi ng a heat-resistant polymer, such as staple

fibers, co %;6%:32,9 ﬁhgéeﬂ  SREIPRLHIA | ®Bhé@PhendeRebE MBe- ar omati ¢

pol yan]i1 T or ow ratio drawn para aror‘rgtl c pol yam de
st apl eccfmpﬂsﬁ@amm realss@m: iof ganig rEoly T, AN ARKW gt dO 0 ¢88¥Nand a

br eaki ng_ ol ongat on, of. np O%ta"g%%gpsaﬁaan%ggeaﬂsgrmfrofm ke or gani c

resi n PRYRIBFO FIslng t-resistant organic pol ymer,
whi ch gyl bi 88@ drdai h@ealﬂelrgf eldmad:mnanf agbawere ridiaion §-8%: 894, aBnd t hen

treating the made_p eet a h| r I 2 ph pressure
to curerggang ‘@ﬁﬂhrh“&g er %y Orblﬁr?dés ¢ lstlﬁggaretlfealellgsgg en a%%l/ or melt the

Fibrids, Wé§hﬂéﬂn%@h@onbga§ dlﬁsaahmmdonghatc pol ymer, and/or the staple
fi bers conprising sai r de@ POl yam de
stapl e fibersth et%%“n%?f}ﬁ?ﬁa S?ME\ %}?Eﬁﬁ 13 ﬁéké e?&h@@g?éﬁ% ing the
paper Shegé t&&l?ﬁ%hﬁ&@aﬂ&@&ﬁr%mtﬂm ﬁlﬁeﬁpm shepbct of the present
i nvention provides a ary 2005 at-r t per sheet

~ which is forrdg ﬁmﬁﬂm\%?g @éﬁg re%}f}pﬁ ﬁgd hea{i f?%é?%’?%ﬁﬁ%orgam c

pol yneg eHQth {g Ht%séatdxﬂt}ﬁd total aﬁmmmmfsand heapodspstantidibest apl e
fibers ?13w ng a speC| fic gravity of not nore than 1.380 and a breaking

.- el ongapaRRY gieefiot nore than 5.8% and an organi ¢ resin binder and/or
fibri d?ﬁdconprl sing a heat-resistant organic poI ynmer as nain conponents,
o

characterized in that, the amount of sal 97 percent
by wei ght baswdd oyganiferassh AMNEREIH UL s%‘f‘%gﬁ @%éﬁ%tcg%ﬁ%glgg paper
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g para-aromatic %Olyall?lsd% ar%npartla]_{y ! e RO 0Pt R A BEST ant T ber

~ actions of binders;

A second aspect of the present invention provides a method for prbducing a
heat-resistant fiber paper sheet, characterized by subjecting staple fibers comprising a

- heat-resistant organic polymer, undrawn or low ratio drawn para-aromatic polyamide
‘staple fibers having a specific gravity of not more than 1.380 and a breaking
elongation of not more than 5.8%, and an organic resin binder and/or fibrids
comprising a heat-resistant organic polymer to a wet paper-makmg process, drying
the obtained wet paper sheet, and then heating and pressurizing the obtained dry paper
 sheet at a temperature of 220 to 400°C at a pressure of 150 to 250 kg/cm to partially

soften and/or melt the fibrids comprising said heat-resistant organic polymer.

A third aspect of the present invention provides a prepreg formed by
impregnating a heat-resistant fiber paper sheet with a thermosetting resin,
characterized in that said heat-resistant fiber paper sheet is the heat-resistant fiber

. paper sheet as defined above.




paper sheet, and said organic resin binder is cured, and/or the fibrids
conprising said organic polyner, apd/or' the staple fibers ¢ ising said
para-aromatic polyanm de are parti g |y softened and/ O?Q?@u{i@ﬁﬁ@é exhi bi t
the actions of binders.V A second aspect of the present invention provides
a nmethod for producing a heat-resistant fiber paper sheet, characterized
by subjecting staple fibers conprising a_ _heat-resistant _organic pol yner,
undr awn or Agwrﬁleﬁqupt@fﬁwp_rqua?@ymtmrp@desp@]%mtaéomﬁdém alher s havi ng
a specj fii rayvi 10f - '%]gﬂ r [ nkaigat i on of not
nor e t%gﬁgﬁgﬁhéﬁﬁq{aeﬁp%%b%ﬁl{ @b%%ga? A %}Iég e g%%}égr@ﬁl:‘f?g%%ngg_ conprising a
heat - rregih stiadct@izgdni chpdajdrheatresiganielibap gaper stwki mgtherloeessistadt yi ng  t he
obt ai ned wet paper s%eet, and then heating and pressurizing the obtained
dry pdpeF pangselet ag d “F@ﬂb‘é‘f“at_ure of 220 to 400'C at a pressure of 150 to
250 kg/cmto partially soften and/or nelt the fibrids conprising said
heat -resi stant organic polyner. A third aspect of the present invention
provi deBeﬁt W(ﬁapf()?@a{r? ORM thkRhegPRh Ng a heat-resistant fiber paper
sheet wth a thernosetting resin, . characterized in that said .

heat - resi st ant h¢ | beat - respépnt nEber  panaye sheel -ofckhes tRuesent paveni9Ber sheet
as def i fiogh, Aoy g)'agérl]_&%e' artitld a4 %Wﬁ@ﬁ@aﬁrfcﬂ%é HraeRest a Shebf KR €SENt
invention provides a | amnate formed by heating and press-pnolding a

heat - r eatiticlent whielr paplormeathefromyp sbiplat dabarst (COMBRENGOSEOW nd resin,
characterized in that said heat-resistant fiber paper sheet is the -
heat -resi stant fi ber paper sheet as defined above. Best Mde for Carrying
Qut the Invention The heat-resistant fiber paper sheet of the present
invention includes a paper-like article, a nonwoven fabric-like article or
a sheet-like article which is forned fromstaple fibers conprising froma
28 January 2005 -6 : :




heat -resi stant organic polyner, undrawn or |low ratio drawn para-aromatic
pol yam de staple fibers having a specific gravity of not nore than 1.380
and a breaking elongation of not nore than 5.8% and a5k pLgaRi-Bokesi n
binder and/or fibrids conprising a heat-resistant organic pofynmer as nain
5 conponents, wherein said organic resin binder is cured, and/or the
fibrids conprising said heat-resistanté- organic polyner, and/or the staple
fi-bers conprising said para-aronatic polyanm de are partially softened :

d/ o] g ' | . ove-described
Staple 11 nara rsiel@htloPentcdrAREE MR b UG Sauid RO SC LR e
stapl e fi beelyapudpstailadibens having & spedfiy gnadéy ofnothmioee thyem dB8) and

ri ng- cont aj R QEEr Le.-nol ; a er.ether ketone, ,whi,ch has a
fiber-for (?nv'!l %iéjga | g?%hg%agg ‘%f@ﬁt rrngpre E}gég%ép%g"s’i "iuil% A PHEATAY F?@ht@ﬁﬂ@? ature
of not | esand/hanfiBsds Tompsispgea hieberssisfanthergamoapblymet yanideaimre . '
especi al ly rabl y,used. e_ 15 kind.of.the .above;des ig d staple
fi ber s%_naycog‘:iﬁ(tg]fef%g’e%ﬁlglé%p Sbar?&t%a{}]rc ’fﬁﬂ%fbl Ads c&re{l,h%né{oa F‘@ iﬁ%rb‘gsr s may
be bl endectommutisingnsaideHeaFredistant agadicpoiymidt sel/yarhdastapRoibefd bers
are staple fibers conprising an,aronptic., honopol vam de pr omati c
copol yani (fgltfl’hl’lmgcﬁaﬂﬁgﬁrft@ggm@ﬁgﬁnpgg’%dgeﬁe Wrﬁﬁﬂé’ S?ﬁ"é‘?‘a é‘&%@rnot | ess
than 90 penchkad tbyxRBibitrohe actibng epbiaideng units forming the polyanide are
represented by t fpllow ng..farnula (l). Therei.n, rl .and Ar2 represent
aromatic groups, Lﬁ’@sﬁg‘&‘fq é’lﬁ@}be%eg%’ég? a@‘?s p"roé‘i'lé‘?‘%ﬁﬁlgyéi“h@e@é'ﬁéﬂé?%t ic
'gr oupgoor ongamizl polydickfiackide stapiibés @nopRsingeliLsiatafit Yatydiideohl ow ng
f ormul as II%%@%rovided t hat t.he 25 h drqgen at ons of é&g aromat i C groups
may be repleKOFeRyO YA BYEORIURNE ot IRYYMEF ot RLRetheyi fithedne to
three car kepomd, omsvhiphenWasgr @upsfildr-fokrtnk i kabilfty) hrd NHp Ar ihdWEEP Ar 2- CO
28 Januar ﬁecz:gnqgoéiﬁon-initiating temperature of not less than 330°C. The staple
fibers of the aromatic polyamide are especially preferably used. One
15  kind of the above-described staple fibers may singly be used, or two or more
kinds of the staple fibers may be blended and then used.
Further, said aromatic polyamide staple fibers are staple fibers
. comprising an aromatic homopolyamide or aromatic copolyamide in which
not less than 80 percent by mole, preferably not less than 90 percent by
20"  mole, of repeating units forming the polyamide are represented by the
- following formula (D). | ,
Therein, Arl and Arz represent aromatic groups, respectively,
especially preferably the same aromatic groups or mutually different
aromatic groups selected from the following formulas (IT), provided that the
25  hydrogen atoms of the aromatic groups may be replaced by halogen atoms,
lower alkyl groups each having one to three carbon atoms, phenyl groups or
the like.

o ‘NH-Ar;-NHCO-Ars-CO-




H) Methods for producing such the aromatic polyam de fibers and the

- characteristics of the fibers are described, for exanple, in British Patent
No. 5 1501948 publication, United States Patent No. 37 56,
3869429 publications, JP-A 49-100322, JP-A 47-10863, ?%9%¢§§§%@§§52 JP-A

4- 65513, and the |ike. Para-aromatic polyan1de staple fibers are espeC|aIIy

preferable anong the aromatic pol yantde fibers used in the present

i nvention. The 10 Para-aromatic pol yam de staple fibers are staple fibers

in which not |ess than 50 percent by nol t he above-described Arf and
Are are para-aromatic Concretag phenyl ene
t erepht hal am de st ag ([ KEVLARK r PONT LTD.) and

copol y- par a- phenyl ene ]
15 ([ TECHNORA(r)], produced by TEIJIN LTD.) are inc and the latter is
especially r Eprable, because the content of inpure 1"dns caused by a

sol vent use t he production of the fibers Is small and the latter
thereby has an excell ; [ mgul ating prope . Further, staple
fibers obtained by ' Telg a ic 20 cefro aving a
cation-converting propRel % perty to the
surfaces of the above- 8ese¥i bed c0s- =far a- phenyl & I 4' - oxydi phenyl ene
t erepht hal am de staple fibers are a preferable node, ™because the obtained
staple fibers inprove the inpregnation of a mxed varnish in a process for
produci ng lam nates for electric circuit boards, 25 especially a process
for the inpregnaMethodd fdrpmrodusies St@hrli}ﬁf'aﬁ)mﬁtuapommﬂedimrs aadrthef urt her

i mprove adhesiyity .to e xed v rnis
conpound. chtretrattits of ipderS et devested tofeiimpTs fe HAGHE A 0N anyar y
2005 -58 QBO@%&pﬁbhb@lﬁoﬁtUﬁ1t@d£ﬁatés]PQf,edtQﬁ($I317839®4[ BAGUTE6, B86HARONg) in a

process  phpRAtoHS, YP-A"%e! AIB3! ejpfp?rzﬁ 16s85eCBIC Sl45H1dp PGB . and

an effect
4-65513, and the like.

Para-aromatic polyamide staple fibers are especially preferable

among the aromatic polyamide fibers used in the present invention. The
10 para-aromatic polyamide staple fibers are staple fibers in which not less
than 50 percent by mole of the above-described Ar; and Ars are
para-aromatic groups. Concretely, poly-para-phenylene terephthalamide
staple fibers ([KEVLAR®], produced by DU PONT LTD.) and
. copoly-para-phenylene * 3,4-oxydiphenylene * terephthalamide staple fibers
15 ([TECHNORAS®], produced by TEIJIN LTD.) are included, and the latter is
" especially preferable, because the content of impure ions caused by a
solvent used on the production of the fibers is small and the latter thereby
has an excellent electrical insulating property.

Further, staple fibers obtained by fixing a solid inorganic

20 compound having a cation-converting property and an ion-non-absorbing
property to the surfaces of the above-described-éopoly-paréjphenylene y

3,4 -oxydiphenylene * terephthalamide staple fibers are a preferable mode,
because the obtained staple fibers improve the impregnation of a mixed
varnish in a process for producing laminates for electric circuit boards,

25 -especially a process for the impregnation of the mixed varnish such as an
epoxy fesin, further improve adhesivity to the mixed varnish through said

inorganic compound, and thereby have an effect for reducing the quantity




inbrovfng electric insulation, dinmensional stability and the Iike in high
-humdity. 5 Herein, the above-descri bed cation-converting and ion-

non- absor bi ng i norgani ¢ conpound is a conpound havi ng a? &% ggnvertlng

ability and an ion- non-adsorbing ability, and concrete I'n es silica
alumna, silica - magnesia, kaolin, acid white clay, actlvated. cl ay,
talc, bentonite, and.osnbs. 10 These cogpounds are preferable, because an
adhesi on effect is further inproved, when the conpounds are especially

fixedtotgﬁé%g aé (&féthebberz as solid particles,. d the sizes
(particle i (tie, aiEn gLy of Tpiion, shsypbite of FRMIBEBIE, DIPCRES The
adhesi gn OEOII peoduving shé d?amﬁmfeglfﬂldtﬁé)eleh&@gfrﬁﬁﬁﬂﬁ)aﬁ)ﬂsté’tﬁi Bht%afﬂ('je%t |f§1£ I
carried ou for. ex si ng. sai.d i ani un articles
to the sof tEREAVIRE {lé‘lél %‘E}F’?]Qg‘egﬁ H’élaf |%@B§-“g’oalﬁ r%‘@?ﬁﬁ?lénp 18h ¢l es
into the ulbubmeidéty f ace | ayer portlons of the fibers. One part, such as the

termnal, portion,_of the ﬁ?ra- ) pg yam de staple fibers may be
fibrillated, but WYEH™ helPt 2 Crlﬁ’@ fi SAFoRpoNEATREEt odnflar g@° t he

excessi ve hbhraﬂsbaﬁm@n liBoFRtniPr eéfﬁﬁﬁ@&ﬁ!d bacayse QbR nghawlﬁ%' egs such
as the heterogeneous | npregnatiop of, the mxed _varni'sh and_ th
det er i or at FHROR KORKe tig 8 sang ANt IRE" Agnr adsesbingegkil ltY,h@l‘éﬁgv@B@@lgcrl bed

Par a- ar onams;umi ¥idiich 6@ Hhid 04, i 8¢ g §Rd khBin! ;E@d%!ﬁ'it@ tyoacﬂlﬁw,eﬂat | 0
drawn ar omat i olyam de fibers having 25 a specific gravi not nore

than 1.380° Mdt c. iR @RdRFHOSoN of not nore than 5. 8% and used in the
presenig nvent | ONTheddecdhBBLAdE e NPMsfetIE! 'b¥czﬁ‘r'§@"r§ @igéség}ﬁ‘cﬁffe%‘f%l abl e,

preferably_ have a breaking el gngation of not nore a tenacity of

not nore tREELATIBPEIEEn; I{twomﬁﬁ%dr aye emcealév éﬂedatblt;aeasuwmeu ty of
not nore. §hee Edebs Q/sdé%ﬂideﬁartla@s f 4h i hele"BizEs Q%&]rtﬁﬂ@b%me%t%% fféa‘idgr avity
am | bers are

of not nore than 1.375 gara aromat|l C

obt ai ned, P&IEsGMIFeabowy 081 1tozpPAY HER- dr Bl #dhﬁ@l@l (adnthavnotgddes) or
contrivi n%tﬁﬁm 't8Mthe surfaces of the fibers is carried out, for example, by

15 pressirlg said inorganic compound particles to the softened or melted
surfaces of the fibers to thrust the particles into the ultra-surface layer
portions of the fibers.

One part, such as the terminal portion, of the para-aromatic

polyamide staple fibers may be fibrillated, but when the rate of the

- 20 - fibrillation is too large, the excessive fibrillation is not preferable, because

 of causing problems such as the heterogeneous impregnation of the mixed
varnish and the deterioration in the smoothness of the surfaces.

Next, the above-described para-aromatic polyamide is preferably

used for the undrawn or low ratio drawn aromatic polyamide fibers having

25  a specific gravity of not more than 1.380 and a breaking elongation of not

' more than 5.8% and used in the present invention. The fibers are now
_usually commercially not available, preferably have a breaking elongation
of not more than 5.8%, a tenacity of not more than 17.5 g/denier (low -
tenacity), more preferably a tenacity of not more than 16.5 g/denier, |

30 furthermore preferably a specific gravity of not more than 1.375.

Such the para-aromatic polyamide fibers are obtained, for example,

- by utilizing non-drawn fibers (undrawn fibers) or contriving production
| - conditions, such as the reduction of a drawing ratio (for example, low ratio
drawn fibers drawn at a draw ratio of not more than 3 or at a draw ratio of




~conditions, such as the reduction of a drawing ratio (for exanple, |ow

- ratio drawn fibers drawn at a draw ratio of not nore than 3 or at a draw
rati o of 28 January 2005 -9 30 to 40% based on the maxi g&ggﬁgge ratio)

or the reduction of heat history, in a process for producing-the

above-descri bed copoly-para-phenyl ene 3,4'-oxydi phenyl ene

terephthal am de staple fibers. Such theg- para-aromatic pol yam de fibers

usually have 5 characteristics largely different fron1those of said

conmer ci al V, 2! I I X nylan :
t er epht hal 'g(?ntg @0 Isgd f ﬁggl%s%agﬁgrﬁfg?ﬁ?% E a&ﬁ’mﬁ h%nlégtugglﬁ Qfﬁ}wec?tt nor es
t han 5. 8%hmtm:—macuny o0& nqgirocewsr e fdran ﬁfocﬁxcgzigjenlthe (| dwvieedemeribgl, and a

~specific g . ) re han chfic avj The
par a- ar oma{o% i%?ﬁ?/%l%%%éyg eer3 éR’/I? léﬁ%%ef@t@ﬁé?lgﬁ%ﬁaﬁ% fibers-o
easily softened, Swdlor vhd, prid- aﬁbmetmcl pdlytagndeSEfibem':‘| tugthadlyat @aver cut
under heat ress Z on 1 0 In s of havi .ng t he
conposr‘}’t ﬁ]aé? eﬁiﬁt i atrg%le @ﬁﬁ%‘?@%‘ﬁﬁ%f? cqnilﬁ’é’irgla a%‘éalgia[ﬁgmer
wat er - abs oardpbngpamm@hyletﬂmg@ 4”£d?@t111§1ier{]fyﬂéﬁe %@éﬁiﬂh@lmidblﬂéﬂa @e fibbey,s, and
therefore enable t rqductj.on t e §, utilizing
e oo SRehY el e o gt mRal Shes Bk, i b  ne
par a-ar orrahbfe pRA AT, Be/ddnier Llovy Cenéftﬁfﬁ' ¥ndof bpeiflc gdgfzﬁgzrﬂfcmrm@ét ed
under theég ﬁqﬁﬁfﬁ pressugﬁged ndliéons er eby og g%von of the
paper she 1P ripec ag"é%‘fléYl st14% Hf’é'acﬁrf’fl}f’ééﬂ tP0 rSa paper
sheet Zﬂad%ﬁbﬁn,@n ¥hély mehehaﬁerc@éﬁagm@s mleyam, so&fftea@ﬂe defbahsd Wnhéltéd smal |
anount of ? ara-aronmmtic gé g)ge sta erg%?aw g the s@@imal
per f or mam,( melpgine 1 sepipaplied, i9%y °H f‘btiqfﬁé”d ea PrefBItieRf or cut
under suchohbftiheatiad spi Rﬂ'eﬁﬁﬁfdg?%ec%aﬁié 'c@ﬂc&)omﬁéﬁj hbethasgubjfegid ng the
mxture to a wet gﬁ er-qgghégppro ess an 25 effect. that, when heated
and pr ess§PPYREraAllY avaf %@UE "%ﬁr Vater-ahspebing nepertyetham
sof tened, tHgf ObfrethetRaU oIl Iﬁlﬁﬁzhﬁﬁd@f MREL aldd) HérefRe enable the
15 production of the paper sheet utilizing the characteristics. When having
the specific gravity exceeding 1.380, the para-aromatic polyamide fibers are
hardly softened, deformed or melted under the heated and pressurized
conditions, whereby the production of the paper sheet utilizing the
- characteristics 1s difficult.
20 ‘Namely, a paper sheet made by mixing other aromatic polyamide
‘staple fibers with a small amount of the para-aromatic¢ polyamide staple
fibers having the special performances that the fibers are easily deformed,
softened, melted or cut under such the heated and pressurized conditions,
and then subjecting the mixture to a wet paper-making process has an
25  effect that, when heated and pressurized in a calendering process or the
| like, said fibers are softened, deformed, partially melted or partially cut to
enhance interlacement, adhesion and adhered area with and to the other
aromatic polyamide staple fibers, thereby improving fixing degrees and
adhering degrees between the single fibers and further ‘improving the
30 tensile strength and plybond strength of the made paper sheet, and can
thereby be used as an effective suitable substrate for reducmg deformation
in a process for producing an electric material using said paper sheet,
laminates using said paper sheet and used for electric circuits, or the like.
Also in this case, as described above, the fixation of the solid,




enhance interlacenent, adhesion and adhered area with and to the other

- aromatic pol yani de staple fibers, thereby inproving fixing degrees and
adhering degrees between the si ngl e fibers and further %Tﬁinﬁ oshe 30

tensile strength and plybond strength of the nade paper sheet, and can

thereby be used as an effective suitable substrate for reducing def or mati-on

in a process for producing an electric ggaterial using said paper sheet,

| am nates using said paper sheet and used for electric circuits, or t he

like. Also i{l this cgse, as descri bed. abpve, the fixation of the s I|d 28
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expr ess! ng" PR} 163, ghgasdsnaxed garmshminga proegssifen thﬁrlmrg’ﬁgtlﬁéonrﬂfr gani ¢
conpound,  gd mixbar ¢{:9f&h xbhbid hﬁgeﬁdkgﬁfréﬁﬁt ththel QAYGH Oarag%fug;;dl abaon ina

process for produ0| ng, |l am nates for electric circuit n_effect
for i mprovRHesIpity| Eb%h? cnixes, varnish, tl@wqmtbﬁanosgaabcmomg«pmtmdl i ke in

hi gh hunmi dtHe\i'eforE Ud>tHIBIting Yeh e D6 ?dldi'é&‘@mﬂgr H%ﬁ%}ﬁﬁh{)ﬁ & %Wpr&fé 8-f@Fomatic

pol yani de | bers are a suitable materr al strates ctric

material s w&dwng: miggas éeelepiric pirsuitaboards aasher |eﬁl'er:‘§/f(g’onnlpmvengr| c
| nsul &gl Orelegri@Rhditla¥ioh! dlﬁbﬂ&oﬁﬁﬁns@hfn?%?f' §1i1ﬂ Gad! fiRd. ﬂvﬁ{ h%n!l‘gf?%r peri.od,

or for. the substrates of [ am nat es ectric cCi I‘CUI boar f or
whi ch goodt Wrthersseshithe tunsiramm, or deweratioudraws pavd-rommeticpolpamidpher es

~i's desi recﬁbé}%%!ésa?sﬁﬁﬁbﬂé'}ﬁé%l 18F shBYhALd f%r%'i&‘ﬁﬂc?ﬁ‘é&ﬁ%g@} Whiap! yam de
fi bers have a remarkabl l'er 1npure 1 on content
percent of8oRE: élec%%dflﬁlﬂ]i%wn %ﬁgcﬁﬂsfnﬁmtbrel@ntmmsumomh‘ahgbﬂm’cnnpanl ed
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15  laminates for electric circuit boards, for which good dimensional stability
under various environmental atmospheres is desired, because the undrawn
or low ratio drawn para-aromatic polyamide fibers have a remarkably
smaller impure ion content, a highly smaller percent of water absorption,
~ and a smaller dimensional change accompanied by the absorption and

20 - desorption of moisture, than those of meta-aromatic polyamide fibers.

In this invention, it is preferable that said undrawn or low ratio
drawn para-aromatic polyamide fibers having a specific gravity of not more
than 1.380 and a breaking elongation of not more than 5.8% and the
aromatic polyamide staple fibers except said para-aromatic polyamide

25  staple fibers are blended each other in ranges of 4 to 35 percent by weight
and 65 to 96 percent by weight, respectively, based on the total weight of
the aromatic polyamide fibers. _

Further, among commercially available general para-aromatic
polyamide fibers are included the fibers showing a tendency to extend in

30 the axial direction of the fibers, when the fibers are subjected to a -
dehydration (dehumidification) treatment for removing water (moisture)
contained in the fibers by a heating method or the like, and further among
the,undrawn or low ratio drawn para-aromatic polyamide fibers having a
specific gravity of not more than 1.380 and a breaking elongation of not .




In this inVention, it is preferable that said undrawn or low ratio drawn
- para-aromatic polyam de fibers having a specific gravity of not nore than

1. 380 and a breaking el ongation of not nore than 5 8@6qﬂgé&9§g2%?9natlc
polyam de staple fibers except said para-aromatic polyam apl e
fibers are blended each other in ranges of 4 to 35 percent by weight and

. 65 to 96 percent by weight, respectivelyy,- based on the total weight of the
aromatic polyam de fibers. Further, anmong commercially avail abl e general
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(noi st ure) ont.ai ned in he f bers b ea met hod or the like, and
further anth gh bﬁ&l‘s Brfu el coanbangd Wit gach Sla%tz%qsmm 8IRARST de

- fibers havihgstawhs@e Halrtiby gaayeg iRk nBRinalh@n! glaa@zeh 3L ARAbRcBEE ST Ng
el ongatlon of n 2005 re than 5. 8% are included the fibers

28, Janu
show ng a Jf%é%‘%:gn?lét%é garpjions ihryarss andnhdewiadifigation: treptsentshe
fibers. Thergf Bag. evhgRnROLRat- Ii‘@s1l§td1ﬁs dlﬁfen%ib%afl' Q&'b’%h\%f eafﬁ?' Lx&oiRhi ned

wi th each other, heat-resistant fib paper sheet whi ¢ch hardly causes

di mensi onam°&$§ﬁﬁée%§@¥%%e%ﬂﬁp%ﬁﬁblh&’ sapehe gbtaingdi s{arratiissdapt i on,
dryness anﬂled%lﬂ'd?’hﬁhf bF %Wofhﬁ(f Qﬁ’hwtp%ra a@@ﬂla@ﬁ:s?&?ﬁﬂlhg néta??@tﬁbre‘?@ stant

di nrensi onal st abil and excellent nfoisture-res SI ona
stabi | ity Rayingea @M%ﬁ%aawm opapt maredhan 1.880 andrahredringswlongation dr awn

par a- aiponeifi goP 8 thdf §B@€P|aﬁdf ﬁéb%lf n tﬂé\ﬂr@&xg HREhkbhCh @\.4' iﬁigg}. not

nmore than 1.380 and a breakin ation 10 not nore t and used
in the, presalibrivey amisgreran ldc @ e gpallexjinpity iameontest aihenctbmeent and

|1 f t t apl
a small er JMpufLarOatioy ?&mﬂ@@téﬂl@sﬁbe@ el gm@ffgégvng%%f%edsfs apl e

fi bers, and the_di nensional change "of the un rawn
par a- ar ondhiecupdrarariondowt tapicedrawarparanaromatis ppyamide edaplnfibexsen t he

sane treatyBHbdrbdtic N Endsr ﬁf‘esga{ﬂag%ijeé’éﬁ?é’r& Joméoﬁ@gé Qdsdribd PEnsl ection

j ust ogposﬂe to_that of general para-aromatic
18 caused in the direction just opposite to that of general para-aromatic

polyamlde staple fibers in an only slightly larger extent than the same
extent. Therefore, the heat-resistant fiber paper sheet which can easily -
wholly be balanced and has excellent dimensional stability can readily be
designed. |
20 The above-described undrawn or low ratio drawn para-aromatic
- polyamide staple fibers having a specific gravity of not more than 1.380 and
a breaking elongation of not more than 5.8% are mixed in an amount of
preferably at least 4 percent by weight, more preferably not less than 8
percent by weight, based on the total weight of the paper sheet. However,
25  since said undrawn or low ratio drawn para-aromatic polyamide staple
fibers having a specific gravity of not more than 1.380 and a breaking
elongation of not more than 5.8% have a higher equilibrium moisture
content (water content) than that of commercially available general
para-aromatic polyamide staple fiber, the electric insulation, especially the
80 electric insulation at high temperature and in high humidity, of the
obtalned paper sheet may be deteriorated, thereby making it impossible
that the paper sheet is used for the substrates of laminates for electric
circuit boards needing high reliability for a long period, when the undrawn
_or low ratio drawn para-aromatic polyamide staple fibers are mixed in a too




"pdl yam-de staple fibers in an only slightly larger extent than the same
. extent. Therefore, the heat-resistant fiber paper sheet which can easily -

whol | y be balanced and has excel | ent dinensional stabiljdy,ca0-pgadil'y be
desi gned. 20 The above-described undrawn or |ow ratio drawn para-aromatic
pol yanm de staple fibers having a specific gravity of not nore than 1.380
and a breaking elongation of not nore than 5.8% are m xed in an anmount of
preferably at |east 4 percent by weight, nore preferably no':1 less than 8
percent by, wei ght, bas on the total weight of the paper sheet. However,
25 since s}ﬂrge%ﬁ’% _ elP‘E?\NSﬁ’éJf T NEAMOVRE 5-air Ak 32 Ppttepadivaeeightpl e
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or | ow r atéféectis anra shightlar smaller mppdhy antidethsnathat 6f blee snetmeanvinegic i n a
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| mpure i on, sanfent 5'\@%(3& ﬁfiﬁeé "£#d used within the above-described range in
. 15 response to an objective use.
The heat-resistant organic polymer staple fibers except the
aromatic polyamide staple fibers include staple fibers comprising a
heterogeneous ring-containing aromatic  polymer  such as
poly-para-phenylenebenzobisthiazole or
20 poly-para-phenylenebenzobisoxazole, or staple fibers comprising a
- polyether ether ketone.
Thus, by adjusting the kinds and mixing ratio of the used staple
fibers comprising the heat-resistant organic polymers, the rate of heat
dimensional change after a heat treatment at a temperature of 280°C for 5
25 min can be controlled to not more than 0.3%, preferably not more than 0.2%,
and when measured by the below-described method, the maximum
quantity of the dimensional change of the heat-resistant fiber paper sheet
due to the absorption and desorption of moisture can be controlled to not
more than 654 m, preferably not more than 554 m, more preferably not
- 30 more than 404 m. Such the paper sheet can be used to produce electric
insulating materials or laminates for electric circuit boards, which have
~ remarkably excellent deformation resistance (phenomena such as torsion,
- curvature and waving), heat-resistant dimensional Stabiiity and

moisture-resistant dimensional stability.




10 from sai d neta-aromatic pol yam de staple fibers. However, the |owering
- of heat resistance is sonewhat worried. Hence, it is preferable that the

undrawn or |low ratio drawn para-aronati c pol yam de stapi Jamlg)r?rzﬁoyavi ng a
specific gravity of not nore than 1.380 and a breaki ng el ongation of not
nore than 5.8%is nixed and used within the above-described range in 15
response to an objective use. The heat1Besi stant organi c pol yner staple
fibers except the aromatic polyam de staple fibers include staple fibers

conprising a hetﬁ%g&ﬁ[‘ UGO8 4HY MHnRLRBHAIC cRRhYCIuS U %
- pol y- par a- phenyl enebenzobi st hi azole or 20 .
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direction i1s measured. -
15 The single fiber fineness of the above-described staple fibers
comprising the heat-resistant organic polymer is preferably ranged from
0.1 to 10 denier, more preferably from 0.3 to 5.0 denier. The étaple fibers
having a single fiber fineness of less than 0.1 denier are not preferable,
because of having many difficult points on the technology for producing the
20 - fibers, causing fiber breakages and fuzzes to make it impossible to produce
| the fibers having a good quality, and further enhancing the cost. On the
other hand, the staple fibers having a single fiber fineness of >10 denier are
not practical, because the mechanical properties, especially tenacity, of the
fibers are largely deteriorated.
25 ' Further, the fiber 'Iength of the staple fibers comprising the
heat-resistant polymer is 0.5 to 80 mm, preferably 1 to 60 mm. When a
‘paper sheet is formed by a wet paper-making method, the fiber length of
the staple fibers is preferably 2 to 12 mm, more preferably 2.5 to 6 mm.
When said fiber length is less than 0.5 mm, the mechanical physical
- 80 properties of the obtained aromatic fiber pai)er sheet as a fiber aggregate 1s
liable to be insufficient. On the other hand, the fiber length exceeding 80
mm is not preferable, because of deteriorating the openability, dispersibility,
or the like, of the staple fibers, damaging the ulniformity of the obtained
fiber aggregate, and giving insufficient mechanical properties.




paper sheet (length = 20 mnm width =5 M) left in an atnosphere having 5
:not less than 85 %RH at ordinary tenperature for not |ess than 48 hours to
sufficiently absorb noisture is heated fromthe or di naryk f.6 %:Flre to
280C at a terrperature rising rate of 10 "C/mn and then imedrately cooled
to the ordinary tenperature at a tenperature-lowering rate of 10 C /min to
dry the fiber paper sheet. The heating is-eat nent fromthe 10 ordinary
~tenperature to 280 and t he cooling treatrrent to the ordinary tenperature

~ are further twice at ed, Su t he maxi|r guantity. of
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- properties of the obtained aromatic paper er ‘aggregat e
is |iabl egafdc ppyamidy dihers @xcent stiepatmatymatie polb'amlﬂeng!tdple

exceedi ng au (o] [
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t he urdPf odHghelongaten, adowi tesacity, a low crystalhmty, and a low spec1f1c gravity,

said undrawn or low ratio drawn para-aromatic polyamlde staple fibers
having a specific gravity of not more than 1.380 and a’ breaking elongation
of not more than 5.8% are, if necessary, well drawn, deformed or cut around
the aromatic polyamide staple fibers except said undrawn or low ratio
20 drawn para-aromatic polyamide staple fibers in a heating and pressurizing
E process such as a calendaring process to effectively adhere or bind the
single fibers to each other.
| Next, the organic resin binder used in the present invention
~ includes thermosetting organic resins such as epoxy resins, phenolic resins,
25 polyurethane resins, and melamine resins. In particular, a
' water-dispet'sible epoxy-based resin having epoxy functional groups in the
molecule is suitable, because of having good compatibility with a mixed
varnish impregnated in a process for producing a prepreg.
Additionally, the fibrids comprising the organic polymer and used
30 in the present invention preferably have an equilibrium moisture content
of not more than 7.5%, are a general name for finely fibrillated thin leaf-
or scaly small pieces or randomly fibrillated fine staple fibers which exhibit
a binder performance in a wet paper-making process, and include fibrids
produced by mixing an organic polymer solution in a system in which a




fiber aggregate, and giving insufficient mechanical properties. 28 January

2005 -14 Further, as described above, when the staple fibers conprising two

or nore kinds of the heat-resistant organic polynmers ar Jgh&ggzwgéh each
~other, the fiber lengths of the staple fibers may be identicaf, but it is
preferable that said fiber lengths are different fromeach other by a 5
difference of not less than 0.6 nm préflerably not | ess than 1.0 nm The
reason is that in the case where the fiber lengths of the staple fibers are
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15 high elongation, a lowtenacity, a low crystallinity, and a | ow specific
gravity, said undrawn or low ratio drawn para-aromatic pol yam de staple
fibers having a specific gravity of not nore than 1.380 and a breaking

el ongation of not nore than 5.8%are, if necessary, well drawnh, deforned
or cut around the aromatic polyam de staple fibers except said undrawn or
low ratio 20 drawn para-aromatic polyam de staple fibers in a heating and
pressuri zing process such as a cal endaring process to effectively adhere
or bind the single fibers to each other. Next, the organic resin binder
used.in the present invention includes thernosetting organic resins such
as epoxy resins, phenolic resins, 25 polyurethane resins, and nel am ne.
resins. In particular, a water-dispersible epoxy-based resin having epoxy
functional groups in the nolecule is suitable, because of having good
conpatibility with a m xed : :




var ni sh I'nmpregnated in a process for producing a prepreg. Addifionally, t'he

- fibrids conprising the organic polyner and used 30 in the present

i nventi-on preferably have an equilibrium noisture contejpy Q Qgg nore t han
7.5% are a general nane for finely fibrillated thin Ieaf- or “sca ?y smal |
pi eces or randomy fibrillated fine staple fibers which exhibit a binder
performance in a wet paper-nmaking process, and include fibrids produced by
m xi ng an organi c polyner solution in a systemin which a 28 January 2005
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equi libri umxﬁauatpulgeesteﬂ(‘mmm&;pﬁﬁdxaieﬁwwKUmAYyL'DBed:omprising
| a copolymer of p-hydroxybenzoic acid with 2,6-hydroxynaphthoic acid and
having a small equilibrium moisture content are especially preferably used,
15 and, When\ heat resistance is required, the above-described
poly-para-phenylenebenzbisoxazole (PBO®, produced by TOYO BOSEKI
LTD.) is preferably used.
The rate of the fibrids comprising the above-described organic
- polymer in the heat-resistant ﬁber-paper sheet is ranged from 3 to 55
20 percent bjr weight, preferably 4 to 45 percent by weight, more preferably 5
. t0 30 percent by weight. When the mixing rate of said fibrids is set to a
relative low value, it is preferable to use fibrids obtained by a production
method described in JP-B 35-11851, JP-B 37-5732, and the like, and when
: the mixing rate is set to a relatively high value, it is preferable to use
25 - fibrids produced by a method described in JP-B 59-603. Further, a
mixture of the fibrids obtained by both the production methods may be

used.
When the mixing rate of the above-described fibrids is less than

3%, a tensile strength necessary for formmg the paper sheet in a wet

30 paper-making process can not be kept, while when the mixing rate exceeds

55 pércent by weight, the bulk density of the obtained heat-resistant fiber
paper sheet is too large to inhibit the impregnation of a mixed varnish.

Further, similarly to the case of the above-described staple fibers,

since the fibrids comprising the organic polymer include fibrids which




- 15 and, when heat resistance is required, the above-described

e pol y- par a- phenyl enebenzbi soxazol e (PBQ(r), produced by TOYO BGSEKI LTD.)

is preferably used. The rate of the fibrids conprising ﬁ§%&1 wgpglescri bed

~organic polymer in the heat-resistant fiber paper sheet Is nged from3
to 55 20 percent by weight, preferably 4 to 45 percent by melght nor e

preferably 5 to 30 percent by weight.-Mhen the mxing rate of said fibrids
is set toa relative lowvalue, it is preferable to use fibrids obtained
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enhance a paper-making performance in a wet paper-making process, and,
15  if necessary, all of the fibrids may be replaced by the above-described
organ_ic' binder. Especially, as described above, the water-dispersible
epoxy*based resin having epoxy functional groups in the molecule has good
compatibility with a mixed varnish used in a prepreg process and is hence
optimal as the binder.
20 - The rate of said binder (orgamc resin binder) in the aromatic fiber
‘paper sheet of the present invention is not more than one second,
: preferably not more than one third, more preferably not more than one
" fourth, of the weight of the fibrids comprising the above-described organic
polymer. When the rate of said binder exceeds one second of the weight of
25  said fibrids, the fibrids are liable to be not able to control the migration of
“-the resin in a wet paper-making process. Consequently, the interlayer
binding forces between the front and back side portions and middle layer
portion of the paper sheet become heterogeneous, and the orientation of the
single fibers and the uniformity of the fiber. density distribution in the
30 middle layer portion of the paper sheet is often ‘deteriorated in a
calendering process. However, in response to uses, there is a case where it
-is preferable that the volumes of spaces in the middle layer portion of the
| paper sheet are enlarged to increase the amount of the mixed varnish
impregnated in the middle layer portion of the paper sheet. In the case,




-pdlyner have a function as a binder for binding the staple fibers to each
> 10 ot her, but the binding force (adhesive force) of the fibrids is inferior
- to those of thernosetting resins, such as epoxy resins, esi ns,
pol yurethane resins or nelam ne resins. Therefore, a 5%5F§&3k§§9§ of a
wat er ~ di spersion type binder conprising the thernosetting resin may be
~added to enhance a paper-naking perfolhance in a wet paper-nmaki ng process,
and, 15 if necessary, ‘all of the fibrids may be replaced by the
above- des i bedheOfiiEAL tn i HeeFepl FARE Gy abdde- eg&fﬂbefaeergeﬁﬁ\é%mabf
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above- des ¢/lios/dmdy geaiexabiby ficen 0.5@0-0. 88Tg¥enﬁen:tore pseferably froined.55aper sheet
of theg pr&?z%”élch{h‘.’e%hé’ﬁ‘ sARY bulk density is less than 0.45 g/cm3, the binding

forces between the staple fibers in the middle layer portion of the paper

sheet are deteriorated to cause the excessive impregnation of the paper
sheet with the mixed varnish. Therefore, the ﬁartial movements of the
single fibers due to the flow of the impregnated varnish, the density

20 unevenness of the fibers in the obtained laminate for the electric circuit

_board, and the deterioration of heat-resistant dimensional stability and
deformation resistance are often caused in a process for producing a
| prepreg and in a process for pfoducing the laminate for the electric circuit

| board, especially in a process for pressing the laminate.

25 On the other hand, when said bulk density exceeds 1.13 g/em3, the
paper sheet is often scarcely impregnated with the mixed varnish to give a
laminate which is used for an electric circuit board and has deteriorated
electric insulation, heat-resistant dimensional stability and deformation
resistance. Thereby, the too large bulk density is not preferable.

30 Additionally, the tensile strength of the heat-resistant fiber paper
sheet of the present invention is not less than 1.5 kg/15 mm, preferably not
less than 2.5 kg/15 mm, more preferably not less than 3.5 kg/15 mm, and
the plybond strength of the heat-resistant fiber paper sheet is not less than
12 g/15 mm, preferably not less than 15 g/15 mm, more preferably 20 g/15



be mixed with, for exanple, glass fibers or ceranic fibers within a range

"~ not separating fromthe object of the present invention. 5 Generally, in a

| am nate for an electric circuit board, the characteri as

‘heat -resi stant dinensional stability, noisture -resi stzggtrljtaﬁga%égg?onal
stability and deformation stability (phenonena such as torsion, curvature
and wavi ng), of the substrate of the -ljgm nate are inportant quality itens,
and the characteristics are affected 10 by the val ues, such as bul k
density, t ile strength and plybond strength, of a paper sheet used as
the substrate for the lam nate. Accordingly, it is preferable that the
heat - r esi st ant fWimn grifeplybshdettraigthhis leseshah Ingam ion, ﬂi’@biﬁdingll' K
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of th? pre ent. i nvent s not less than 1.5 kg/ 15 mm “prefera not
hansheet ispot H’Tﬁikﬁ e preferably not |ess than 3.5 kg/ 15 nm and

Such the heat-resistant fiber paper sheet can be made by known

| ess

methods, for example, by a method comprising weighing and mixing the
staple fibers comprising the heat-resistant organic polymer, the staple

. fibers comprising undrawn or. low ratio drawn péra'aromatic polyamide

20 - and having a specific gravity of not more than 1.380 and a breaking
- elongation of not more than 5.8%, the organic resin binder and/or the
fibrids comprising the heat-resistant organic polymer in a prescribed ratio,
charging and homogeneously dispersing the mixture in water so that the

_ concentration of the mixture of said staple fibers with the fibrids is about
25 0.15 to 0.35 percent by weight, if necessary, adding a dispersant and a
- viscosity-controlling agent to the prepared aqueous slurry, making the wet
paper sheet from the slurry by a wet paper-making method using a paper
machine such as a short net type paper machine or a circular net type
paper machine, if necessary, imparting an organic binder resin to the made

- 30  wet paper sheet by a method such as a spray,. shower, roller pick-up or
dipping method, drying the wet paper sheet, heating and pressuring the
dried paper sheet to give the above-described bulk density, thus partially
curing the organic resin binder and/or partially softening and/or melting

the fibrids comprising said organic polymer and/or the undrawn or iow




the pl ybond strength of the heat-resistant fiber paper sheet is not |ess
“than 12 g/ 15 mm preferably not less than 15 g/15 nm nore preferably 20

g/ 15 28 January 2005 18 nmin. Wen said pl ybond-strengtztgjiaﬁ 41-9550 han 12
g/ 15 mm. the binding forces between the single fibers n e’ m adl e | ayer
-portion of the paper sheet are deteriorated to cause the excessive
I npregnati on of the paper 5 sheet withiphe m xed varni sh. Therefore, the
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and. havi %ege@ggﬁi%??@ Qvit?ygél(?aotmﬂ’é?r é’rﬁfﬁi’ﬁi’%{ Bt%GmarﬂﬁoatBré%Qi g
;a! gnggt)i 0 rfuﬁﬁheigioré”?frefetﬁbb{y ﬁoﬁf/a§o ru{e 330@,%%5&?&&&5 e rorééh‘iyc%_sfépg
i brids conprising the heat-resistant organic polyner in a prescrjbe
ratio, c%ﬁ@?%é’éﬂ&%&%@é’uéﬁ? ‘gqyélﬂ)%r%'i Hep ﬁﬁﬁe’nﬂ%@/ﬁresqffﬁworso t hat
the concealrtiallyomedf thédibridd ubﬁlp}isiﬁ$it@e85@f£ﬂ-ﬁasﬁétﬁﬁt %rgghfé b nidbrids is
: in

I f necessary, a a_di sper sant

about 25 0. tg 0.3 ercent by weigh .
and a Vi 9{’@2% @16 UBATFER PhPadehc 46y arpmasicr pelvamide tarleufibgzs nmaki ng

t he wet h_aving a specific gravity of not more than 1.380 and a breaking elongation

15  of not more than 5,8%, thus making to sufficiently exhibit functions as the
binders.

Additionally, it is preferable that the pressurization is carried out
preferably at a linear pressure of 150 to 250 kg/cm, more preferably at a
linear pressure of 180 to 250 kg/cm. The above-described calendaring
'20_ progessing may be performed by an one step treatment method, but is
- preferably performed by a two step treatment method including a
preliminarily heating and pressuring treatment, in order to obtain the

- paper sheet which is more uniform in the thick direction.
_ When these heating and pressurizing conditions are beyond the
25 above-described temperature range or the above-described pressure range,
- the organic resin binder can sufficiently not exhibit the performance, or the
fibrids comprising the heat-resistant organic polymer and/or the undrawn
or low ratio drawn aromatic polyamide sté_ple fibers having a specific
gravity of not more than 1.380 and a breaking elongation of 5.8% can
80  sufficiently not exhibit the functions as the binders.  Consequently, the
bulk density of the obtained heat-resistant paper sheet may be less than
- 0.45 g/cm3 or more than 1.13 g/em?, or the tensile strength and plybond
| 'strepgth of the obtained aromatic fiber paper sheet may be less than 1.5

kg/15 mm and less than 12 g/15 mm, respectively. ' :




- paper sheet fromthe slurry by a wet paper-nmaking nethod using a paper
. machine such as a short net type paper nachine or a circular net type

paper machine, if necessary, inparting an organic bind ' t he made
- 30 wet paper sheet by a nethod such as a spray, shomer?ﬂi%@ﬁ%?zgﬁ%k-up or
di ppi ng nethod; drying the wet paper sheet, heating and pressuring the
dried paper sheet to give the above-deg@ri bed bul k density, thus partially
curing the organic resin binder and/or partially softening and/or nelting

the fibri ds compuhsiinc sglél 10gaaL ol YRk BROLOTHbE RHLRANBOT chew 28

January 2005 - 19 ratid drawn aromatl c e sta fibers having a
specific cheating asd pressurishng tizatmendshderdhe dhewkdesgridedmyaditesnsdf not

nor e -t han %, ‘ ' a = ' IsNe,
Pbove desdibaqatoal AR Biatndhat BT nEMBLEthaRY IPAUMT 0 hER,
surface rdirbatmeningata ali temperatofe . ofb286 A5 fov Evecrmamutes, excellent
surface-dgf ormabl e el astic r.oll, hav. a_di;aneter. of out 30.1t0,100 cm
o ef or ol PRI e rafiSngl, ARGy [ aREAE 18, Hog Rl b dpbiRodRe o
20 to 80 awmtdiieraaich cahhdhepelpesuiabét besusehf@dai lanainbéenier ahuslectrange of
- preferably.fro Zzgioto 400 1C, nore preferably from 250 to 350 1c, 10
furtherrmrcércﬂ)lrlgif’%‘r‘f'r ly from280 to 330, to further cure the organic resin

- binder partial |y Tthergithshybtaeed bgatrgesistantefibarkpapanshieat ofcht gresat/ or
part1 1Y LR RIASS, SHTREARLTS, LS, DoAkid SeLSLAr e pgl v
havi ngoa spegigthe agimxlltpereéntnof wakseabstaptibnl8thalhdimehsioakl cigaegeangat i on
15 of not LG, . S Lhie. i D0 Lo ST SO QUL L pugedlons e
carri ed odirecpiogtesfabhy Ripe thereaandr gocdingmprbghability wih kigd afiixedor e
AR IS TS N R O S R e
met hod, bgtbétates in a resin impregnation process and the like, because the
15 undrawn or low ratio drawn aromatic polyamide staple fibers having a
specific gravity of not more than 1.380 and a breaking elongation of 5.8%,
the fibrids comprising the heat-resistant organic poljzmer, and/or the
organic resin binder exhibit the actions of the binders, and is scarcely
‘deformed in a process for producing an electric material, a process for
20 producing a laminate for an electric circuit board, and the like, because the
‘partial movements of the staple fibers are prevented in a press lamination
process, thereby enabling the production of the flat and uniform laminate.
| Namely, in the heat-resistant fiber paper sheet of the present
_ invention,
95 : (1). Since the undrawn or low ratio drawn aromatic polyamide
~staple fibers having a specific gravity of not more than 1.380 and a
‘breaking elongation of 5.8% and having a low moisture content is used as a
part of the binders, the migration phenomenon of the organic resin binder
_ in a drying process on the making of the papér sheet is controlled, and the
80 uneven distribution of the resin binder is reduced to improve the
uniformity of the paper sheet in the thickness direction of the paper sheet.
(2). When the dry paper sheet is calendered to bind the staple
ﬁbers approximately homogeneously dispersed in the paper sheet so as to

give the prescribed bulk density, said single fibers are easily fixed or




preferably perforned by a two step treatnent nethod including a
~prelimnarily heating and pressuring treatment, in order to obtain the

paper sheet which is nore uniformin the thick dlrectl Wien @Q;se-

heating and pressurizing conditions are beyond the a%g¢g¥& cri bed
tenperature range or the above-described pressure range the organic resin

- binder can sufficiently not exhibit thg;performance, or the fibrids
-~ conprising the heat-resistant organic polyner and/or the undrawn or | ow

rati o drawng,aro i C am de,stapl e fibers havjng pecific ravity of
not nore tHHET f%@%ﬁ&%‘%r%‘ﬁh eg%‘i‘i'ﬁar@?’éhg ep 18‘%1 t‘BGO%UP?F’é‘? ently
not exhi bi mutthel Ve @amtSofthet éiegm filefSin a@@mgufz Bhbdt aﬁ@%re@é&hi‘tﬂ@ns' ty
resi stant paper, shee ess than 0.45 g/cnB or

of the obt
nor e than %‘P ftfan‘itshe BFrAngEmetkof] I%les%qaéifgggeéﬁacbeﬁﬁy% hee undrawgt oF of t he
obt ai ned aibwau@ driaket p@i\&%&oﬁmﬁ; p@@ﬁnﬂﬁels‘%ﬁﬁlet BB&sthVIrlggékgaéHﬁ@“d I ess

“than 12 g/ 15 om pectively January
heat - r @i ANy ‘?#t’)’é‘?t %‘Qﬁ%rthgﬁée@s‘@)lﬁpél mbaeﬁyngr@onmri af 5% amdeﬁm i zi ng

reat ment fiides chiprtty endlRest-toedagR RISl hESaR AR slifdled,

di nensi on;a\dée change of not_ ngre than O Yo eat” tre
t enper at u end/argpelede ni nutes, excellent 5 heat-resi stant

di mensi onal st ab(é)' t mﬁagyﬁe}g%@gﬂé&'mertyéahragab&}f%gr r@%@%ﬁ%fhtgf&gldca“

‘thereby suitably be used | am nat e I'rcul oard. The
thus obt ailpeditiedstatesiameny the sielp ddamenteduedd theempployernt dafrbhent i on

has asbowstds 095! Winsfy 613 (HALLERSHE CB8! he AuOTRINDANI d0

strength, "a smal | percent of Wat ef - abBaor mensi onal
agai nst hé&k#ss S’zeéﬁﬁ@ﬂbt directipr Aoisface dlmetttm;l t¢1ﬁ' dhee papandsheste are

directi onen@forme PEPEEveaSe %@Azgal&fé%dﬂm aggQ' gt %M&QFB o Trsed

varnish and the 1 ke; due tot ecrease I'n Bre age or paper
substrate@apﬁr§h¢@%|n | mpregnati on process and the I|ke because the

15 Examples
' The present invention will concretely be explained hereafter with
- examples, but the present invention is not limited to the examples.
Methods for measuring physical propert1es used in the examples are as
follows. , '
20 - (1. Bulk density:
- The bulk density was measured by a method based on JIS C-2111 6.1.
(2). Tensile strength:
The tensile strength was measured by a method based on JIS
C2111 7 with a constant speed elongation type tensile testing machine.
25 (3). Specific gravity:
The specific gravity was determined by a density gradient pipe
method (N-heptane/carbon tetrachloride, 25C).
(4). Plybond strength :
_ The strength (g/15 mm) on the peehng of the m1dd1e layer portion
30 of a sample having a length of 200 mm and a width of 15 mm in a T-shape
was measured usmg a constant speed elongation type tensile testing
~machine.
©(5). Rate of heat dimensional change
The lengths of a sample having a length of 300 mm and a width of




15 undrawn or |ow ratio drawn aromatic pol yam de staple fibers having a

- specific gravity of not nore than 1.380 and a breaking el ongation of 5.8%

the fibrids conprising the heat-resistant organic poly and/ t he
organi c resin binder exhibit the actions of the binder25{5W8m9§R@garcely

. defornmed in a process for producing an electric material, a process for 20
producing a lamnate for an electric ¢2r-¢uit board, and the |li ke, because
the partial novenents of the staple fibers are prevented in a press

ot o m 1 ARPRARCRERe peASLARY AR ikt 05, BEORISI Sp bl BBl (e

present invention, 25 (1). Since the undrawn or low ratio drawn aromatic
pol yam de staple fibers having a specific gravity of not nore than 1.380
and a breaking elongation of 5.8% and having a | ow noisture content is
used as a part of the binders, the m gration phenonenon of the organic
resin binder in a drying process on the making of the paper sheet is
controlled, and the 30 uneven distribution of the resin binder is reduced
to inprove the wuniformty of the paper sheet in the thickness direction of
t he paper sheet. (2). Wen the dry paper sheet is cal endered to bind the
stapl e fibers approxi mately honmobgeneously di spersed in the paper sheet so
as to give the prescribed bulk density, said single fibers are easily
fixed or 28 January 2005 -21 adhered to each other, and the organic resin

. binder is cured to control the nutual novenent of the single fibers in the
~ paper sheet and prevent the disorder of the arrangenent of the staple

fi bers, because the undrawn or- |low ratio drawn para-aronatic pol yam de

- staple fibers having a specific 5 gravity of not nore than 1.380 and a
breaki ng el ongation of 5.8%and the fibrids conprising the heat-resistant
organi'c polyner are partially softened, deformed and/or nelted. (3). By a
synergistic effect between good resin inpregnability and




'Ic‘)Wfi_I'Ied states anong the single filanments due to the enploynent of the
10 fibrids, the density and arrangenent of the single fibers in the

h cross-sectional direction and face direction of the paj e
uniform ze to prevent the heat dinensional change and %%@%&?gﬁgof t he

" paper sheet. 15 Exanpl es The present invention will concretely be expl ai ned
hereafter with exanples, but the presgnt invention is not limted to the
exanpl es. Methods for neasuring physical properties, used in the exanples

| follLows. 20 (1).. Bulk ity, T ' d b
ot hod badBitoIR¢ hecting i HRCRpt w SEUROE EICLED HRRFERC G 7 ©
strengt h wasatmasided after ahedidiadrbaseehion I8GC xlfite minultss, andotlsd ant

The. speci FAES, PhUEh) GATRHATH HULEDY 5 dORS) sycefohed Bt S doloRithod

 (N-hept anehtaniEAgt Ririadh! oMt sadpBs 6 the Rukband nsddtenakl chligcsldr engt h

- (g/15 mm .on the peeling of the mddle |ayer portion 30 of a sanple having
a | engPh SYOIBEONHRUANE PRPGF §haelom the Iongitndinaldisertinn andan helatersdl using a

constant gRRRicl A MdRrbIPEThENSekEad 98hida%hf (HRCRAEASurdndnt FlEisof heat
di nensi onal change The Ie_u%t ha of a sanple having a length of 300 nmm and a
w dt h of ZErsLAOHIAFe @’6‘511_ EEE- 50 nm were neasured using a highly precision

two- di mensi onal Re@@r(gi)nétt BedB diaRdichal Wangé2= 100X {(length before the
heat treatment — length after the heat treatment)/length before the heat
10 treatment} |
| (6). Equilibrium moisture content
Each of the equilibrium moisture contents of the staple fibers, the
fibrids and the fiber paper sheet was obtained by absolutely drying a
sample in an atmosphere of 1207C, leaving the sample at a temperature of
15 20T and in a relative humidity of 65 %RH for 72 hours, determining a
' moisture content in said sample, calculating a ratio of the determined
moisture content to the weight of said sample in an absolutely dried state,
and representing the calculation result by percent (%), on the basis of JIS
1-1013. | |
20 . When a sample contains two or more kinds of staple fibers or
- fibrids, the equilibrium moisture content was obtained by independently
measuring the equilibrium moisture contents of the constituents,
respectively, and representing the measurement results as a
weight-average value according to the mixed ratio. |
25 (7). Evaluation of dimensional stability to temperature and humidity
* (absorption or desorption of moisture): _
_ A thermal analysis device [TMA; thermoflex type, manufactured
- by RIGAKU DENKI LTD.] was used, and the measurement was carried out
at an initial sample distance of 200 mm between chucks in a width of 5 mm
30 and at a temperature-rising or lowering rate of 10°C/min. A sample left in
an atmosphere having a relative humidity of not less than 85 %RH at the
ordinary temperature for not less than 48 hours to sufficiently absorb
moisture was used as the sample for the measurement. The comparative
judgment of the dimensional stability to the temperature and the humidity




measur | ng machi ne '('manuf act ur ed by MUTQU IND. LTD.) before a heat
- treatnent and after the heat treatment at 280 for five mnutes, and the

rates of heat dinmensional change were then cal cul at ed b)’SfaBﬁﬁy‘%lOb?W' ng
calculating forrmula. The sanples for the neasurenent were colfected 5 from

conti nuous paper sheet in the longitudinal. direction and in the |ateral
direction and neasured. The average vapgies of the neasurenent results were

.conpared and judged. Rate (% of heat di mensi onal change = 100 X {(length
before th he a Ien ftef. the.heat jreatnent)/| th before
Che heat 80 s PrdErbTE Ol ~ afia Pel msSitRl chhDER( Teeubn oby there

equi | i bri whavetddsoribedosdmples whehhehetsalni}ﬂefwbsrmpehb@dlyf sisjeetedapsl t he

fi ber paper_sheet was obtajn by . absol uteI sanple in a

at mospher e °BIPT 201 TN nb‘ ﬁ’é‘ SpPBda¢te Eyﬁeéf‘r%'bﬁeglpﬂ’reé @a%@ng%d in a

rel ati ve hwmdj tay mhg65of%ﬂrbf(§1fd1ﬂ£r}h¢elih§>er&iﬁir@rm @80@39 cofﬁ}ja&inﬁ eéfPnt ent
tent to

i n sai cul,atin io of the ermn ure co
~the we ghto 5?rvs‘832ﬂ’§a@r’d?%n$ﬂn§i1a§ﬁ§%? fgﬁ}eeaa@&) :eW e $RBEent i ng
the cal culvadd @ﬁbﬁe&w&lttob!h@eﬁﬁﬁnteﬁiﬁerat%}etrMn a&bﬁtzﬁfenﬂ'asnd lthéOkBst 20 When

asarrple cont ai ns t\go nor e ki nds of sta@be rs or fibrids, the
equil i bri GRTRSTTUReE OWSHD&\V%@%‘EP% BA %Nﬁﬁeﬁw‘é‘l@ecﬁ?éa@tﬁh%g t he

_equilibri %ﬁbﬁ&% i € Repaaterotisifle capatimbaent and I @hRECtdup8bYuerftnd
representing t surenment results as a WEIg ht - aver age val ue accordi ng
?

to the ni )’E%‘&PPQ%‘E‘B'G oweripg  treafment, omegsuringe ke omEximED| diveygense
t enpen@qt U@%aﬁ'ﬂﬂymiﬁ%ﬁkﬁdm &1@&9&,«5@' Efu'aﬂ&t of (HESIPL Wkl QJE'te?lfs,ldﬂ) hﬁhﬁf@ ‘orA

‘thermal anal ysis devi.ce hernof1 ex type, manufactured Rl GAKU
DENKI L TDR}a%igims mla%ﬁ ﬂH@nﬁaé&% of &he simgasional chaage Jecusbetone jomi t i al

sanpl e di gRRRCELOT te%ﬁﬁeﬁfh?@&‘i’ﬁﬁ@ sﬁ&c!mé (? Mbéira@m?ﬂ‘s %rmf»ﬂlgartﬂeat a
terrperaturerlsmg lowering rate of A sanple | eft

temperature- rlsmg and glowermg operatlons and then judging the
suitability of the sample on thé basis of the extent of the maximum
15  divergence duantity. Namely, it was judged that the smaller the
divergence quantity of the dimensional change locus in the
‘temperature-rising operation and in the temperature-lowering operation
was, the more stable the sample was to the changes of the temperature and
the humidity and the more excellent the heat-resistant dimensional

20 stability and the deformation resistance of the sample were.

(8). Change quantity of laminate

An epoxy resin composition comprising a highly pure brominated
- bisphenol A type epoxy resin, an ortho-cresol novolak type epoxy resin,
~ dicyandiamide as a curing agent, and 2-ethyl-4-methylimidazole as a
25 curing accelerator was dissolved in a mixture solvent of methyl ethyl
" ketone with methylcellosolve. A heat-resistant fiber paper sheet was
impregnated with the obtained mixed varnish and then dried at a
temperature of 110 to 120C for 5 to 10 minutes to make the B stage
~ prepreg paper s_héét having a resin volume content of 55%. Two of said
30  prepreg paper sheets were laminated to both the sides of a 181 m-thick
copper foil, and the same copper foils were further laminated to the
. outsides of the obtained laminate and then subjected to a hot press
treatment in the conditions of 170C X 40 kg/fem X 50 minutes under

reduced pressure to cure the resin. The obtained laminate for an electric




an at nosphere having a relative humdity of not less than 85 %RH at the

- ordinary tenperature for not |ess than 48 hours to sufficiently absorb

noi sture was used as the sanple for the neasurenent. Thg gaiRansbs Ve
judgnment of the dinensional stability to the tenperature and he umdity

28 January 2005 -23 was carried out by drawi ng the di nensi onal change | ocus .
of the above-described sanple, when thg.sanple was repeatedly subjected to

tenperature-rising treatments and terrperature lowering treatments wthin a
conparing and 5 observing the

range of the ardinar e atur 80 X,

di mensi onaf* %‘Hﬁg’(j’ g’ﬁ&%%g?ﬁéu to gpest FH@%&%@@‘B%@- adgtedited to
the first ﬂ@”fﬁgrrﬂéélﬁﬁerdtsd t@npémhf@ﬂfz@m“@ fdieaBdudtsh0 miSERA! at ur e- | owering
treatment or when_th Ie wa bj ected to the_  subsequent

t'enperat ure-ri si ngi& %I&Ph%ﬁ‘?t fog ¢ et %Ctﬁﬁt}‘ékf'qu'érbpal‘ﬂéﬁ’ﬁﬁe@dttﬂﬁﬂmmw@lg
treat ment , miRagilaird dahlifa bR 84N @h‘éefcﬁ%&!alélﬂlﬂé't%ﬂt% Yo (PEX LEYDLC ANgE

quantity = . maxinum extens; on antity or maxi mumShrinkage quantity) of
the di Mensiesnare Hiasepparceous r BLbrim gfiuare chetrad ppetionsipbbeilstyy and

-l owering apaeat,RNS lgévﬂlgfﬂﬁégc&ﬁg%r fBﬂsfrBE lﬁf&HFt‘TleVéﬁhé‘gn and l'lé)lﬁfﬁ?henb asi s of

operations, and then judging t sul t e sanp e on
the ext entirem ‘éhﬁeeﬁrﬁw @l rbheslagninete eiese Hua tl}e fotametlyys formiag thedged

that the SBRhP B o} BRe cPhMBRARNCe quantity of the dinensional change |ocus
in the tenperature-rising operation and in the tenperature-|owering

operation was, fllhe parteally gitked hemizatel orvde electiie ouwmlgbeani widwe

| f ant
Bmﬁg?éﬁgf‘eﬁ%%“ ¢ Pl A R clfe RreUPAGHES F o, milee GhE R P
were. (8) TR dﬁfamatwndiuar&mﬁyr(auwa&m@ poaptitgsimlift cumam;ltylchm to
conpri si NG,k 4 %a%%ew}ﬂe% N3eCenthh P @Bﬁﬂ&ll walYP %tf]&%{g gorrllst'ngfagg ent

~ortho-cresol novol ak epoxy resin, hdi am d u
and 2-et Wasdﬂ'ﬁétthyﬂletemmﬂieedﬁsrmatmn quantlty

(9). Insulative resistance value of laminate
15~ - The laminate formed in the above-described (8), used for the

electric circuit board, and not subjected to the etchmg of the copper foils
was used. A comb type electrode pattern having electrodes at a distance of

0.15 mm was formed on one side of the laminate by an etching method, and
the laminate was kept for 1,000 hours in an atmosphere of 60T and-
20 . 95 %RH, while a direct current voltage of 35V was applied between the
 comb type electrodes. Subsequently, said comb type electrodes are kept in
an atmosphere of 20C and 60 %RH for one hour, and a direct current
electric voltage (35 to 90V) was then applied between the comb type
electrodes for 60 seconds to measure the insulative resistance value.
25 )
~ Example 1
83 percent by weight of staple fibers ((TECHNORA®], produced by
TEIJIN LTD.) comprising copoly-para-phenylene - 3,4-oxydiphenylene *
| terephthalamide, produced by fixing 0.5 percent by weight of talc and 0.1
30 percent by weight of osmos to the surfaces of the staple fibers of the
‘copoly-para-phenylene 3,4-oxydiphenylene * terephthalamide, and having
~ a breaking elongation of 4.6%, a breaking tenacity of 29.4 g/denier, a
“specific gravity of 1.398, a single fiber fineness of 1.5 denier, a fiber length
of 3 mm, and an equilibrium water content of 1.8% as stapie fibers



25 curi ng accel erator was di ssol ved in a mxture solvent of nethyl ethyl

- ketone with methyl cellosolve. A heat-resistant fiber paper sheet was
inpregnated with the obtained m xed varnish and then. djd gdua% 2805

tenperature of 110 to 1201 for 5 to 10 mnutes to make the B 5tage prepreg

paper sheet having a resin volune content of 55% Two of said 30 prepreg .

paper sheets were lamnated to both thgssides of a 18 a.mthick copper

foil, and the same copper foils were further lam nated to the outsides of

t he obt ai ned | am nat d t.hen subj ected to r in the
condi t i onsCOGtPHRE ‘3(% ab% %171\%%“*055‘13‘ e PelC?BEEX %ﬁé@ggfﬁgl? o cure
the resin.fifhe dEIRCHENORAT nafredhesd aby eTRITINC mJaMYI@ﬁ@S 18)4

circuit board was further subjected t ost curi ng treat a hot air
dryi ng maciERIIENELOPERPERER ] %n%llen%&%‘?p pheiutleny) teten é%a aﬁh‘éei am nat e

for the elgneduiced b rfﬁﬁh& O e HBBy GHighPof QlehAd D5 perFeiit 5&%&3}1{ gm nate

pi ece. The fornmed | am n C ched .to 5 renove the copper foils
in theB1105H9% &y ?@”é’ tgﬁ Sct?Bf@‘s%ngbﬁfﬁ he wapelygara pipgnEeR@Avi ng t he
copper foig g- &fy(ﬁﬁh@nﬂ@aes 'téi%’iyh‘tﬂaléﬂnﬁ&i'ésaﬁﬂ h%Qqﬁg A brédlaﬁgtem&aggﬂﬂﬁ%opf the
lamnate piece’in a frame form_ thus formng the sanple

eval uat i or?-8%na Eﬁ&ﬁkmﬂ tapasityind 6.1 affieninte arspeciiseraviy of 13 W, vdinglepoar d

was - 10 t gfd¥efih¥ntdeat @b dbnr! AMRESAISHAN0bS 3@%%&% By Sumand the
maxi num def or mat i on quantM (curvature quantity, or lift quantity due to
torsion oMWatgyi santenhetfe3@ie aermnduavgyran dowvealic EEWR PAGABSPMALINS

nmeasurgd tp%mﬁhfdabprmﬁéilgf Rhaes ?@Pceﬂiiai% '&éi £%¥ ﬁb&gﬁugﬁw (%'b i stance

value of llamnate 15 The lamnate forned i'n th above- used

for the eiEHN ’@Pc@ﬂn@pm}aﬁdmmm@ phemyéeneet Sid Oﬁﬁ@lpéle@ﬁlﬂw? bf the
copper fO'té&fphWﬁﬁlaLiﬁf‘&é aﬁdqu@?néya‘??e hﬂfﬂrﬁl‘i’ﬁeuﬁ?%th?é réoH?e‘ﬁt”& @'4%%{ odes at

a distance_ o mm was formed on one sid I 'am nat e an
et chi ng uis wgke disaggregated and dispersed in water by the use of a pulper

and a dlspergant ([YM-80], produced by MATSUMOTO YUSHI LTD.) was
15 added to the obtained dispersion in a concentration of 0.02% to make the
slurry having a fiber concentration of 0.15 percent by weight and prepare

_for making paper sheet.
Subsequently, a paper sheet was made from said slurry for making

the paper sheet with a TAPPI square sheet machine, lightly subjected to a
20 pressurizing dehydration treatment and then dried in a 160C hot air
- drying machine for about 15 minutes to obtain the fiber paper sheet.

Further, the fiber paper sheet was heated and pressurized with a

calendering machine comprising a pair of hard surface metal rolls each
having a diameter of about 400 mm in conditions of 200C and 160 kg/cm,

25 and then again heated and pressurized with a high temperature
high-calendering machine comprising a pair of hard surface metal rolls

- each having a diameter of about 500 mm in conditions of 320°C and 200

- kglem to soften and/or partially melt the above"deécribed undrawn or low
ratio drawn staple fibers (single fiber fineness: 2.5 denier) comprising the

30 copolypara-phenylene * 3,4-oxydiphenylene - terephthalamide of
para-aromatic polyamide and -the fibrids - comprising the

- copoly-para-phenylene - 3,4-oxydiphenylene - terephthalamide as binders,
thus binding the cbpoly-para-phehylene *  3,4-oxydiphenylene -
terephthalamide single fibers to each other as the heat-resistant organic




the |aninate was kept for 1,000 hours in an atnosphere of 60C and 20. 95

- %%RH, while a direct current voltage of 35V was applied between the conb

type el ectrodes. Subsequently, said conb type el ectrod in an

at nosphere of 201C and 60 %H for one hour, and a di re?%&rﬁ?ﬁﬁ?{%sel ectric
voltage (35 to 90V) wa's then applied between the conb type electrodes for
- 60 seconds to neasure the insulative .§gsistance value. 25 Exanple | 83
percent by wei ght of staple fibers ([TECHNCRAO] produced by TWN LTD.)

conprisin opol y ne | ene -

ter epl |th§?(§¥$’§ Stg@remgégxﬁgt?%@?gh@%r Eg%‘gp%‘?lgﬁhe%f tale and 0.1

30 per centCohmpaehghé mhnqﬂ@@q totz) the surfaces of the staple fibers of the

. €O poly-para-phe i.phe ene | am de,, and
having a breakll‘fg}i B?’%ea'tsi}ﬁﬁ’t&f SAPI@ %i aﬁ?r%&oﬁ gmﬁ%?e&iﬁe%ﬂzﬁ

‘gl denier, % Iftl Coﬂrmtmopslylp&%ph@nﬁlbﬁal e f3 pejxyliglenedenef -1. 5
denier, a f| ngt(g%jl aF an equiljbriumwater content of 1.8%
as. stdpl e%"? ﬁﬁ%ﬂl? gg%)‘? 3215%]@0%?? dinegess-hbat deriers msad B gani c
pol ynmer, lxnapkent a@%té[iﬁb%ei@fcoiﬁﬁﬂhﬁ:g fa'}li’@a[tsre@{s{m*mlﬁ)ﬁolyﬁf&dUced by
TEIJIN LTD., draw rati.o: conpr i sl ng copo ﬁ par a- phenyl ene” -

3, 4 -oxyd|e@qq%§/ﬂé%@mplmém@pﬁtoﬁaﬁtamedﬁ erspi{gimgdedibpy fmepesy” boedeyserent by

wei ght of L{S@ch@ma%ﬂepgraegﬁaﬂw ﬂﬁ‘él‘éhéoxﬂf:néu%s HDﬁeattoreTsﬂs‘%aﬁb”Jr%Sﬁﬁ: of the
staple fibers of the  copoly-para-phen nyl ene

t er epht halPkymer, R wgpépm@awwaph)ﬁgaxs (&’HE&HK@M arefucedi ng
tenacijpy o Iy Q‘E#IJ@Ndimrﬁr dr%wsﬁ*%iof 'fzprc%ﬂﬁrxsﬁ& doptiy- paﬁa%@agfenef i ber

fi neness q denier, a eng equi | rrum water

content of3:4: Wﬁl@l@emwawﬁe@phltb&lweo penaéwdpby afif'ﬁlﬂé rﬂaﬁlléerﬁ@n’bbﬁfyam de

stapl e fiRafisnt apdalke :Bﬂi cen Bi/ce\ﬂ%' Twe‘?éhtf bPBélﬁés @&&HQ%‘&?%cQM of theJI N
LTD.) conpri SI ng_copoly para henyl - oxydi ene
ter epht haBtaalae TheFshafi ddearcopgli- parﬁ pbﬁnﬁlﬁnat ar &, £ émh@wlanGn% as

terephthalamlde and having a breaking elongation of 13.2%, a breaking

15 tenacity of 4.2 g/denier, a specific gravity of 1.355, a single fiber fineness of

| 2.5 denier, a fiber length of 5 mm, and an equilibrium water content of 4.1%,

as undrawn or low ratio drawn para-aromatic polyamide staple fibers,
except  the employment of the ° copoly-para-phenylene

~ 3,4-oxydiphenylene - terephthalamide fibrids used in Example 1 as fibrids,

20 and except the changes of their mixing ratios as shown in Table 1.

Comparative Example 3

A fiber paper sheet was obtained similarly to Example 1 except the

employment of the same staple fibers and the same fibrids as those used in
25 . Example 1 as staple fibers ¢omprising a heat-resistant organic polymer and

as fibrids, except the perfect unemployment of undrawn or low ratio drawn

aromatic polyamide staple fibers having a specific gravity of not more than

1.380, and except the change of their mixing ratio as shown in Table 1.

- 80 Comparative Example 4
A fiber paper sheet was obtained similarly to Comparative

Example 3 except that a bisphenol A epichlorohydrin type
' Wat_e_r'dispersible epoxy resin binder having a solid content of 10 percent by
weight (produced by DAINIPPON INK KOGYO LTD.) was imparted in a

35




- fibrids were disaggregated and di spersed in water by the use of a pul per,

- and a dispersant ({YM80], produced by MATSUMOTO YUSH LTD.) was 15 added
. to the obtained dispersion in a concentration of 0.02% 4®; slurry -
~having a fiber concentration of 0.15 percent by weight %gﬁifgg%‘gﬁgpg for
maki ng paper sheet. Subsequently, a paper sheet was made fromsaid slurry
for making the paper sheet with a TAPRY. square sheet machine, lightly
subjected to a 20 pressurizing dehydration treatnment and then dried in a

160C hot air ., drying nachine faqr about 15 mnutes to obtaipn the fiber paper
~ sheet. FurfdfdR FO%W@%%@QI}%_&&@?5&%_@@%%&%@ A FRTHY Azedtedd h a

cal ender i ngf whehfiPEids OWRtHoutNAsthgPahe Bbriaar qnswohmarﬁﬁiealma%om gach

havi ng a djaneter .of _about, 400 nmin conditions of 2001 and 160 kg/cm 25
and then againﬁ’aﬁéﬁf’% X#PBressurized with a high tenperature

hi gh- cal ender i ng greghdn FPEh8e Gwis P@thifid Napdlasyf fRC I's

each having a dianet er1 %‘Eﬁjaébogt 500 M I n %:ondi ti onslﬁ{)f&3% gﬁfdat%ﬂo kg/ cm
to sof Pen Example gaxcent thatnihe miragaadincoftdecstablafibensy compuisingthe rati o
drawn st apletjcRhsng SLAGkE SdIfRler'{ ride: & eop Lighg 4 he 30

- copol y- par a-phgnyl errlle ,4'1-ql§<y ?{)eﬁetr?g enggrﬁdér%pﬁ;?#ﬁ%ﬁtﬁgn%?hﬁﬂgé

par a- ar ongW g changedhasgishewd inhalle de i | s conprising the

copol y- par a- phenyl ene - 3, 4' -oxydi phenyl ene t er epht hal am de as bi nders,

t hus bindi ng the copol y-par a-phenyl ene - 3,4'- oxydi phenyl ene

t er epht hal@emparafiveyEsamplefs to each other as the heat-resistant organic
.28 JaRgary 2005 26 y St f.iher bt ai e heat - i nt fiber
paper ritsiheet ) Co%paﬁr:l%h ggi’ﬁ‘ia%‘%ﬁs V%L:P%eo?%ﬁé%e?i tggﬂraﬂ%g ertgs%)e I%V\I/%lzﬁ%bt ai ned
si mi | ar| y Bxampkend leacaptebbes phetmixingmptioyafehe stébleHebarspoyppsing-theeny| ene

{1 nenose; pak ReRf aredehEBHAN PG Gl ol o B oo BT PLidR]

heat - r esi sndrmpaxpariechpainphed was changed as shown in Table 1.

15




except the enploynent of staple fibers ((single fiber fineness: 1.5 denier)
used in Exanple 2 as staple fibers conprising a heat-resistant organic

pol ynmer, except the enploynent of staple fibers ([ TECHNGRGHI, 2009 oduced
10 by TEIJIN LTD., draw ratio: 1.2) conprising copoly-para-phénylene 3,4'-
oxydi phenyl ene terephthalan1de produced by fixing 0.6 percent by weight:
‘of talc and 0.2 percent by weight of .egnpbs to the surfaces of the staple
fibers of the cop ol y-para-phenylene 3,4'- oxydi phenyl ene

t er epht hal am de, and having a breaki ng el ongati on of 13.2% a breaking 15
tenacity of 4.2 g/denier, a specific gravity of 1.355, a single fiber
fineness @fxandple Idenier, a fiber |ength of 5 mm and an equilibriun1mater

content of 4.1% undrawn, or, | ow ratio ar a- rorra m de
Conple fibers. i DARE ShettoyRE b tomed B aBR L Bagii . Rbdite

3, 4 -oxydtmeawpe@@berrgr(mwﬁm}ngﬂedﬁcw fbg‘SDu:se’@N'm EFBODbtained bfyl brids,
20 and_except the changeg of their, m xing ratllghﬁ i shovvnmhraéf;l'abl1?1
Conparfit i Heenmalhy treatt p%resrc%%§1 ¥ RS RO ek et § Exanpl e
-1 except {he 18 |t@)ﬁﬁ%ﬁat@fe s osphBreS bAPID i hAAShanggt B%lﬁ@l@ fijelr i ds as
t hose used in Exa le 1 as st%‘gle fibers caonprigsing a ea% resi st ant
~organic p@ﬂ?ﬁﬁs% ?ﬁ‘lﬁﬁl%@l’e@ epaviterfrbAface ﬁ}?ﬁégﬁﬂ’éaﬁ@ £ BEyundr awn
‘or |ow ragjg a@ﬁ%\qﬁm@ﬁﬁiﬂi%ﬁsﬂﬁleyaiﬂt@ﬁt sfapm We?@r&seﬂaiﬁ @Ebai‘i spembfic
gravity of not nore th

an 0, anpd except t ange ei r,.mxing
ratio as GWONPERa PhsRFlene '33)468%[51&?]9%1?363811&Bﬁﬁﬁpgthahmlﬁsér‘?aﬂﬁ ddiersheet was
obt ai Pf;d k40 hatthy stRp IR Aoy 151%%3' Beat-R5E8REt bhginid Jolmberel A

epi chl orohydrin type = water-dispers epoxy resin binder having a solid
cont ent oExide%lzcent by weight (produced by DAI NI PPON | NK KOGYO LTD.) was
inparted in a 35 28 January 2005 -27 resin corrponent content of 5 percent

by wei ght_by a sgray nmet hod in stead
Example 12

A fiber paper sheet was obtained similarly to Example 11 except
15 that 10 percent by weight of poly-para-phenylene terephthalamide fibrids
(KORON LTD.) having an equilibrium moisture content 5.4% was used.

Example 13

A fiber paper sheet was obtained similarly to Example 2 except
20 that the mixing ratio of the copoly-para-phenylene * 3,4-oxydiphenylene *
" terephthalamide fibrids in Example 2 was changed to 5 percent by weight
and further except that a water-dispersible epoxy resin binder having a
solid content of 10 percent by weight (produced by DAINIPPON INK
' KAGAKU KOGYO LTD.) was mnparted by a spray method so that the

25 content of said resin becomes 5 percent by weight.

Examples 14 to 21, Comparative Examples 7 to 10
A fiber paper sheet was obtained similarly to Example 2 except
that the heating and pressurizing conditions with the high-calender

80 machine in Example 2 were changed as shown in Table 1.

Examples 22 to 25
_ A fiber paper sheet was ‘obtained similarly to Example 2 except
that the fiber length of the copoly-para-phenylene * 3,4-oxydiphenylene -




of the fibrids without Using the fibrids , in Conparative Exanple 3.

.. Conparative Exanple 5 A fiber paper sheet was obtained simlarly to .

Conparative Exanple 3 except that the mxing ratio of jdg,si9bbesfibers

- conprising the heat-resistant organic polymer to the fibrids in

Conpar ative Exanple 3 was changed as shown in Table 1. Conparative Exarrpl e
6 10 A fiber paper sheet was obtainedggi-mlarly to Conparative Exanple
except that the mixing ratio of the stable fi bers conprising the

' Compar S BREANGE SuntE ihirR RO AR Al P IRTERPE SRt Fhe.) "
2005 - 28heronpdistaht drdarhiepopaper thEampzls Divta nkahgidriakasHowh anExanpl e -
2 except t.staple fibers ([KEVLA R], produced by DU PONT LTD.)
Tpb

obt ai ned &l her mal | y treating fibers conprising poly-para-phenyl ene
terephthalam de in a high tenperature atnosphere of 400 and having a single

fiber figgfgg;ﬁ f 1.42 denier, a specific gravity of 1.463, a fiber length
of 3 g’éuilibrium noi sture content of 1.7% were used in stead of

the - copol y- par aa pheaytadistand, fifler OpatirpRBBYE 6585 oﬁtﬁr@dh@hﬁhlamydﬂzos'[am e
fibers 10_used . as the staple {]I ber s cgrrprls g%tfhe heat-re %t organic
ol ymer i BXamElc £xopt BhahAPePersent Py BPigh o CAlEPahE hsBY ey
Si lm larl YStflﬁoEgﬁiﬁ@%bQ leTneeXCﬁ;@%‘eplﬁﬁaldiﬁ%delgsﬁa&bgﬁeﬁ%eﬁ’ L(_I/[%EEIHNQJRA@]
pol y- par a- phenyl en r a i bri ORON
equilibri H#'ﬁdfﬁﬂe@t u éﬁ)@ %%}S‘j/asaﬂéed% Opx BREfeHt 1 3R fWﬁég\ﬁltpaﬁ r sheet
was ofy ai pEl- ﬁa{f@ﬁmﬂweh@b%ﬁmo&aﬁ@xa%e fibers (produced by TOYOBO.

LTD.) were used as the heatresistant organic polymer staple fibers in

Example 2.

Example 27
15 A heat-resistant fiber paper sheet was obtained similarly to

Example 2 except that 69 percent by weight of copoly-para-phenylene *
3,4-oxydiphenylene: - terephthalamide staple fibers (TECHNORA®],

- produced by TEIJIN LTD.) and 10 percent by weight of polyester ether
ketone staple fibers {produced by TEIJIN LTD.) were used as the

20 heat-resistant organic polymer staple fibers in Example 2.

- Example 28 _
' A beat-resistant fiber paper sheet was obtained similarly to
Example 2 except that 69 percent by weight of copoly-para-phenylene -
25 8,4-oxydiphenylene - - terephthalamide staple fibers ([TECHNORA®],
* produced by TEIJIN LTD. and 10 percent by weight of melt liquid
crystalline wholly aromatic polyester staple fibers (VECTRAN®], produced
by KURARAY LTD.) were used as the heat-resistant organic polymer staple
fibers in Example 2.
30
Example 29 ,
A heat-resistant fiber paper sheet was obtained similarly to
- Example 2 except that 8 percent by weight of the copoly-para-phenylene *
3,4-oxydiphenylene * terephthalamide staple fibers ((TECHNORA®],




20 that the nixi ng ratio of the copoly-para-phenylene 3,4'-oxydiphenylene
terephthal am de fibrids in Exanple 2 was changed to 5 percent by wei ght

' and further except that a water-dispersible epoxy resi ving a
solid content of 10 percent by weight (produced by DAI @W%%@KAGAKU

KOGYO LTD.) was inparted by a spray nethod so that the 25. content of said
resin becones 5 percent by weight. Exgmples 14 to 21, Conparative Exanples
7 to 10 A fiber paper sheet was obtained simlarly to Exanple 2 except

rmahi no 1 BEeu BOSTELARE KAL) DRSS SAaiRR, 25l A MBn S ReiiEle 30,5

A fiber pppby- nsétaqihemae@@i@bheﬂalahnmﬁbatdlp'letﬁb@sdf@ﬂ)m@xpﬁﬁuceﬂw the

2005 - 20 AGHEIN HAPAARBEEAPEId Rby Stk 8160 BT ABIGA FPBE IR Bt | of hg

the heat of@smiﬁaaeéreof thér Reddy BBthe Nuidsaiml 6r Zowasitohénaes a@@nﬁﬂm’m in
Table 1. 5 Ei<arrp e 26 Eeat-r Si st? é fi ber paper sheet was obtained
simlafl yPPga ’E}Aﬁnﬁ@@lezﬁ KB “XHRPES: percent by wei ght of

copol y- par a- phenyl ene 3, 4' - oxydi phenyl ene - terephthal am de st apI e
fibers ([TECHNORA(r)], produced by TEJIN LTD.) and 20 percent by wei ght
of 10 pol @xﬂéﬁ nyl enebenzobi soxazol e staple fibers (produced by TOYOBO

LTD.) were used gas h‘éQﬁr&ﬁ@ﬂEaﬂteﬁb%% aphp QY %ﬁ@é\? neloy ydm;anﬁ@mlﬁﬂfamﬁrt% in
Exanpl e 2. Exanple 27 15 A heat-resistant fiber er sheet was_ obtai ned

si ni | ar | y Exemme 29 esceptethasppolyether s pther cémorb%/g lgHibegs (produced

??Eglr ¥ ?‘FII)% ASIMNG nETD:’) Werd AP ENVELEAE of - thd CHERILBA|-gHEIeBEAP! €
_ 1sophthalam1¢£e in Example 29.

Example 31
A heat-resistant fiber paper sheet was obtained similarly to

15 Example 2 eicept that poly-meta-phenylene isophthalamide fibrids having
an equilibrium moisture content of 7.2% were used instead of the
copoly-para-phenylene * 3,4"oxydiphenylene - terephthalamide fibrids in
Example 2. ' '

20 Example 32
: A heat- reSIStant fiber paper sheet was obtained similarly to

Example 2 except that melt liquid-crystalline aromatic polyester fibrids

(IVECTRANS], produced by KURARAY LTD.) having an equilibrium

moisture content of about 0.05% were used instead of the

25 copoly-para-phenylene * 3,4’*oxydiphenyléne - terephthalamide fibrids in
- Example 2.

Example 33
A heat-resistant ﬁber paper sheet was obtained similarly to

- 30 Example 2 except that poly-para-phenylenebenzobisoxazole fibrids having

an equilibrium moisture content of 4.0% were used instead of the

| ‘copoly-para-phenylene - 3,4-oxydiphenylene - terephthalamide fibrids in
'EXa_mple- 2. ' '




ppoduced by TEIJIN LTD.) and 10 percent by wei ght of polyester ether

. ketone staple fibers (produced by TEIJIN LTD.) were used as the -20

“heat-resistant organic polynmer staple fibers in Exanpl e;@; E&@q&hg 28 A
heat -resi stant fiber paper sheet was obtained simlarly to Exanple 2
except that 69 percent by weight of copoly-para-phenyl ene 25
3, 4' - oxydi phenyl ene terepht hal am de-gfapl e fibers ([ TECHNORA(r)],
produced by TEIJIN LTD.) and 10 percent by wei ght of nmelt liquid

crystal line whol 0 e vester staple,fiber RAN( r
o oduced by KURADEHETBrssisBR B P ol et aipThdion ot ER ol yirer
SL aple f iiiﬁEiaiﬂplE&&ﬂdpél a&:hiZCoﬁ@)aExan@Im{aZﬁp}% dt@%hbéﬁsatmwarﬁrefdﬂwm paper
sheet was mlarly xcept, t hat per
of the. coptRUepar fuiharytuinecharap SR skelTERcby « Bl RPREIERTIR of nol o
fibers.. ([ﬁﬁﬁkﬁi@ﬂféﬁﬁ hetﬁ@d@@fw@iwﬁmi‘abﬁ&zm Q‘ﬁu&ﬁﬁ MnWEBJid\fl‘éﬂl@J) used

in Exanple 2 and 3 ent ; wei ght of., poly-neta- ph yI ene pht hal am de
- stapl e o i &PEeY fl e%FgBPC?EWRFLS’F@PIF %lf%nga%f@oﬁgﬁ% fi ber

fineness qfepi%e&xﬂ@@h@pnﬂadwa dr 1B ratRN@idwn Pfar§a%\ﬂ:1‘é@irc$oﬂ3ﬂeﬁﬁi&t3§ta§§@d as
the undrawn or low ratio drawn aronmatic yam de staple fibers in Exanple

2. Exarrpl SA heat-resistant fiber paper sheet was obtained simlarly to

Exanpl e 29 exceptpdriBér, BQie\f@Erﬁﬁﬁoﬁhﬁﬁhtiﬁ?faﬂﬂeaﬁir%m&tﬁré E&Eﬁaﬁl@é oduged 10
by TEIJIN LTD.) were use‘ggln stead of the poly-neta-phenylene is

* opht hal aniwders kighhwai Y“B?&r%?%s@ﬁdﬂn@&hlﬁﬁgpéﬁea\ﬁblq vas used&T sheet
was olpai ngfelebid &kbvit Mard and formed by impregnating said fiber sheet with a

mixed varnish by the method described in the above-described measuring
method to form the prepreg, and then using the prepreg. The

measurement results are shown in Table 2.




15 Ekanple 2 except- that poly-neta-phenyl ene isophthal am de fibrids having

. an equilibriumnoisture content of 7.2% were used instead of the

copol y- par a- phenyl ene 3, 4' - oxydi phenyl ene terepht hal gj.gdeg %‘glj@,bgds in
Exanple 2. 20 Exanple 32 A heat-resistant fiber paper sheet S obt ai ned

-~ simlarly to Exanple 2 except that nelt |iquid- crystalllne aromatic
~ polyester fibrids (([VECTRAN(r)], prodgced by KURARAY LTD.) having an
equi librium noisture content of about 0.05% were used instead of the 25

. copol y- par a- phenyl ene 3,4" -oxydi phenyl ene terephthalam de fibrids in

Exanpl e 2. Exanple 33 A heat-resistant fiber paper sheet was obtained
simlarly to 30 Exanple 2 except thgupbRroly- para- phenyl enebenzobi soxazol e
fibrids having an equilibrium noisture content of 4.0% were used instead
of the cop oly-para-phenylene 3, 4 '-oxydi phenyl ene terephthal am de

flhbr![ds i,r} Exgnpl %&mg@%ﬁgfﬂ%}ary ¢0%‘5a ‘let%'er 2 h%%ﬁ'éﬁe':ﬂd%f%hnfohper papFr
sheet jpredueti-gr—condtiers—showt |- ._xafrp.e hnd—each—Conparative-Bdanpl e
descrilbed abovd ar &bshopindencomepighte Clit leagth] (mpra)r ouinehraleatstior dosdifios)

eval ugt ed by thA/%bl n Tde%cb %}8 grr aSU}{?EEﬂt eatm%tfmpera[ure z_‘ntearbpr!esgurf;:bl e 2.

Thereiln, Ain abl epresents the resi st
pol yngr staple|fibers, Jand B al so [represents |he ufdrawnjor (kg\tm)ratlo

~drawn [p arpmeri,c polyam, fap fjbers. further, a def oAk on -
quant it E’{a%%l lo %{u? th ve ?Uee/l%stame \)éa;l)ge undergg i gh humzzﬁapy wer e
rreasured #emeachBa”ni agt e whi-ah was use&d-bor [0 am2g) ectfic eigouit |board

and far ifm tli ng ber sh with a ed Varnish.by fhe
met hog ggs% i bed |§fgr$ 83?6/ esc |be§‘}r;§asur ng 398{ b%ho

t-a 3 895/0 5/0 3/5 320 200
#-a 4 95/0 0/5 3/5 320 200
#-a 5 500 50/0 3/5 320 200

-2 6 500 050 3/5 320 200

5  #-a:Comparative Example
#b : Staple fiber classification




method to formthe prepreg, and then using the prepreg. The measurenent
. results are shown in Table 2. 28 January 2005 -32 Table 1 Mxing ratio
(% Stapl e fibersHi gh-cal ender conditi.ons #-bBi nder conpgﬁ%hggtzowngt h
(mm) (Final cal endering conditions) A/ BFibrid/other A/ BHeatl ng

t enper aturelLi near pressure (t)(kg/cm Exanple |163/2710/03/5320200
#-al86/ 122/ 03/ 5320200 #-a23 5/ 560/ 03/ 5820200 #-a395/05/03/5320200

#- a495/ 00/ 53/ 5320200 #- a550/ 050/ 03/ 5320200 #- a650/ 00/ 503/ 5320200 #- a:

Comva R RITC T L A TIbst fLasel L salugp 2o Ty 2opo o
79/ 11]1B4208£332p 720 Bxarfpl e20 .70/ 1110/ 035320240 #- 279/ 1110/ 0% 5320280
Cn YL 13O 2 pieogon Prameg =7 fr1 g3 oslea 3 500 Grara o
0/ 03/ $Bxa@020 10} 79/ 1 1 10/0 3/5 320 240
3ma10 |79s11| 10,0 3/5 320 280
Example2 2 [ 79/11 100 | 1. 2,5 320 200
Example2 3 | 7911 100 5/6 320 200
Example24 | 79711 1070 8,/-.5 320 200
Example2 6 | 7911 10/0 13/5 320 200
Example2 6 [ 7911 100 3/5 320 200
{Bxample27 {7911 10/0 | 3,5 320 200
{Example28 | 79,11 10/0 3/5 320 200
Example29 | 7911 100 3/5 320 200
Example30 | 7911 100 3/5 320 200
Example31j79.11 1070 3/5 320 200
{Bxample32|79/11| 10,0 3,5 320 200
Example33 | 79/11| 10,0 3/5 320 200
Example3 4 | 79711 10/0 3.5 320 - 200
|Bxample3 5| 79/11 0/15 | 3/5 320 200

Hac Comparative Example
#-b : Staple fiber classification

- 10
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Baml e27 79/1110/ 03/ 5320200 Exanpl e28.79/1110/03/5320200 Exanple2 979/1 11

- 0/ 03/53 20200 Exanpl e30 79/1110/03/5320200 Exanpl e3179/1110/03/5320200

Exanpl e32 79/ 1110/03/ 5320200 Exanpl e 33.79/1110/ 03/ 5320&)Ankxgrpbe3 479/ 1
110/ 03/ 53 2 0200 Exanple3 57 9/1 10/1 53/53 2 02.00 : #-a: Conmparative
Example #-b : Staple fiber classification. 10 15 28 January 2005 -34 Tabl e
2 Characteristics of heat-resistant fifer paper sheet.Lam nate for electric
circuit board Bul kTensi | ePl ybond #- b#- c#- d#-e#-f densitystrengthstrength

g/ cm 3kg/ 15mm g/ 15mm %4ur nnmm Wem Exanple 10 . 745 . 336. 40 . 042 . 5 571
01 0 1i #-a 10. 381. 311. 00. 29.2. 02683. 2109 #-a 21. 188. 362. 60. 382.
31774. 6108 #-a 3 .0. 421. 420. 20. Z4Re 2775912. 91011 #-a 40. 401. 19. 50.
332. 03694. 210!2 #-a 51. 117. 860. 40. 362. 95724. 510 #-a 60-. 9 28 . 16
2. 2 322.. 84763 110'1 5 #-a : Conparative Exanple #-b : Heat

di nengi onal ch#nge Characteristics of heat-resistant fiber paper sheet Laminate for electric
circuit board
Bulk | Tensile [Plybond] #b | #-¢ #d #e #1
density |strength | strength _
g/lem®  {kg/15mm| g/15mm % % gm | mm Q/em
Example 1 { 0. 74} 5. 3 {36. 4]0. 04}2. 55 7 1. 0 10
#-a | 0. 38) 1. 3 ]11. 0|0. 29{2. 02 68 3. 2 10°
f-a 2 1. 18| 8. 3 |62. 6|0. 38|2. 31| 77 4. 6 10°
#-a 3 0. 42 1. 4 |20, 210. 21(2. 77 59 2.9 10!
f-a 4 0. 40| 1. 1 9. 56 10. 33|2. 03 69 4. 2 102
t-a5 [1.11[ 7.8 (60.4]0. 36[2. 95| 72 | 4.5 | 10°
t-a 6 0. 927 8.1 162, 2|(0. 32{2. 84 776 3.1 101

5 #-a:Comparative Example
#-b : Heat dimensional change
~ #-c : Equilibrium moisture content |
. #-d: Moisture absorption-desorption dimensional change
#-e : Deformation quantity

- 10 #-f: Insulative resistance




#-c = Equilibrium noisture content #-d Misture absorption-desorption

- di mensi onal change #-e Deformation quantity 10 #-f = Insul ative resistance
. 28 January 2005 - 35 Exampl e 180 .5 23 .920. 2028ﬁa§3ary%@5§2 3101
2 Exanple 1 90 .584.220.60 .1 32 .1 948. 2 .01 0 2 Exanple 2700 .6 75 .23

1 .80 .0 22 .1 6443 .51 01 2 Exarrple 2 10.8 16.550. 20. 1 42.141 21.81 0 1 2

~#-al101. 157. 961. 10. 372. 13684. 110" Exanp#s- 22 0. 603..929. 60. 052. 20191. 91012
Example 2 30 .6 64.93 1 .70 .082 .2 1242 .11 0 12 Exanple

240, CSRgTg, PO 12220008, CIOE XAl e 240 S %2 27 FIp QR Al 0 2
0. 664 jBainpk0l 652.1626[L. 911 EXanpl|ed 2 18@’ B 143323 .1202.082(.1 @482 .71
0. 44 [SRIRL 09206700 4 A1 'E)%(arrpl 05051 %53 6 f2d ™0 | dbo o b 933%1241 01
1 Exaﬁadamp&ﬁm 0588 1. 23@.150 921 2§ ®1 134 [.24110t L 2 Exgdnple 8 1012
Excanp| o4 50675113 57p. 625 6111 {022 4] Eanbartive Ex Oim’?’}%#:'b"f’”
Heat (Hxampkiofhlo.changes. 9¢-|c2 9EqeI|I0.boi Lim2nob st ur @ Tont ent 94#- d: 1 Mizsture
absor ;agglec&egarpt%%n di‘n%nsi:?[f{;tl? tban%e %'.62:1_ Defzoi nntizqn lquaniiotlx
Example24| 0. 69)] 5. 2 {32. 4|0. 12]2. 20 36 2. 6 1012
Example2 5| 0. 66| 5. 9 |38. 210. 24]|2. 21 56 3. 6 102
Example2 6| 0. 63| 4. 4 [31. 1]/0. 01]2. 14| 9 1.1 | 10'2
Example2 7( 0. 66| 4. 8 {31. 7|0. 05[2. 16| 26 | 1.9 | 101!
Example2 8] 0. 61} 4. 3 31. 2(0. 0812. 13 48 2. 7 10!
Example2 9] 0. 62| 4. 4 |30. 9]|0. 07]2. 221 21 | 2.2 | 101
Example3 0| 0. 64 4. 7 [31. 6(0. 08}2. 20 26'. 2. 7 10!2
Example3 1] 0. 53| 3. 9 129. 7{0. 09]2. 59 38 2.4 | 10
|Example32{ 0. 58| 4. 2 {30. 1|0. 02|1. 89| 13 | 1.4 | 1012
Example3 3} 0. 60| 4. 4 1 30. 4/0. 01]2. 00 10 1.1 1012
Example34| 0. 59 3. 9 [29. 7]|0. 01|2. 23 13 1. 2 101t
Example3 5| 0. 67 5. 1 34. 7(0. 02(2. 26 11 1. 5 ] 10*?

“#-a ' Comparative Example
#-b : Heat dimensional change
#-¢ ¢ Equilibrium moisture content
5 #-d:Moisture absorption-desorption dimensional change
- #-e : Deformation quantity '
#-f : Insulative resistance

10

15




#-f = Insulative resistance 10 15 28 January 2005 -36 Utilization in
* Industry The aromatic fiber paper sheet of the present inventionis a
heat -resi stant fiber paper sheet which can solve variou§8ﬂ&ﬁghgﬁﬁson t he
enpl oynment of heat-resistant fiber paper sheets made by conventional 5.
techniques for |amnates for electric circuit |lioards, can especially
reduce di mensional changes caused by-sghanges in tenperature and noisture,
can | ower mater absorption coefficients (equilibriumnoisture contents) to

i nprove el eI Jﬂﬁﬂ% ing properties, and has a high tensile strength
and a hi gh@p i)btteng g& A | aminate which is used for an electric 10

circuit board anﬂ‘hﬂs@somtnt fibat - pasdrs sheét fof bidre pmmtsha/@tntam dssabstrate

t t t
weving andidrifan? BoRf ot Bl SAUER b BOE Nkt HAPIHR ST he uses
- of the Iaramp]bgmmﬁeoﬁﬂ;eaenahbmﬂ Iﬁberlqsa;gm Bheatt iiade Oy rcdmivbAtioantl can
~ mai nt aj n t% n when an.el ectronic part

h reI| i ity over
15 havP ng (aunaRes T8 e RlEE oh AR SRt HoBRTE o P SECHo o
| ead| ess mlemmnsmmﬂlcha@lges Ic&ﬁse(d_ESi@haﬁge@nb@éﬁp@ﬂltﬂre ia&dOHnbestthé' dsgaded on
the |am nate. rta'bcullfr&r, t he, heat-r is. nt fiber {‘)H:Gger shee of t he
present i NRAE |T’3ﬁ i ceeliqients, EUGR ROISLHTe, o8 ?’6‘?8
el ectri c Imipirovié bldamr;afﬂy linstglasingepitbipeitigs, aaﬂid Gk highhtetilghitrOnaperty,
hi gh 20 heat - r S.I P i st u&&gr eél st ant dbggrfl .onal é%bl i ty and a high
el ectric Y}P&ﬁ‘é?‘i‘f n dRPgte 37 used 105 MAlestRic] ai med
is: 10 circult board and uses said heat-resistant fiber paper sheet as a substrate
' is an epoch-making laminate which scarcely causes torsion, curvature,
waving and the like in a process for producing the laminate and on the uses
~of the laminate, thereby enables the designing of microcircuits, and can
maintain high reliability over a long period, even when an electronic part
15 having a small temperature-humidity expansion coefficient, such as a
leadless ceramic chip carrier {ILLCCC) or a bare chip, is directly loaded on
the laminate. In particular, the heat-resistant fiber paper sheet of the |
present invention is suitable as the substrate of a laminate for an electric
circuit board in uses requiring a highly lightweight property, high
20  heat-resistant, moisture-resistant dimensional stability and a high electric

insulating property.




"5 1. A heat-resistant fiber paper sheet which is formed fromstaple fibers
conprising a heat-resistant organic polynmer, . undrawn or |Qw ratio drawn
par a- aronatic pol yam de staple fibers having a speci 3C28#8Y209° of not
nore than 1.380 and a breaking elongation of not nore than 5.8% .and an
organic resin binder and/or fibrids conprising a 10 heat-resistant organic
. polynmer as mai n conponents, charactp,};ed in that the anmount of said
staple fibers is 45 to 97 percent by ‘'weight based on the total anount of
said heat-resistant fiber paper sheet; the anpbunt of said organic resin

bi nder and/or said. fibrids is 3 €bfAAMPercent by weight based on the total
anount of said heat-resistant fiber 15 paper sheet; and said organic resin
bi nder is cured, and/or the fibrids conprising said organic polynmer,
~and/ or tWaastiaplaémbdhers conprising said para-aromatic polyam de are
partially softened and/or nelted to exhibit the 20 actions of binders. 2.
The heat-resistant fiber paper sheet according to claim' 1, wherein the
undr gwn or | owlr at iA htmgwesispaitafibenpapecsipadtypstideisst apl € fibers have a

br eaki ng. ten 25 than 17.5 3. .The,heat - resi st ant

city of notznore [ deni er .
fiber p e h‘%@%‘ 5‘5?&’3? diReFst PEPEPIE % eaff?%ﬁl‘?e’ﬁang,mﬁ%ﬁl%ipr?lmgr’s peci fic
?I’ gVi ty waidrafe: bmwwi\ﬁ@ti@ Ed'r%i;?pmgl‘izﬂ)xﬂﬁﬁwpoly%midbQﬁph@aﬁb@sgbamgi_de SLapl e
i bers i s not.nore.tha . e. heat-resi st,ant_f.i ber, paper sheet
accor di RgSREEHS gﬁb‘?&%ﬂgnﬁ more af?‘ﬁz? ]r31f;§ %}yﬂﬁé?%ﬁﬁ‘gtﬂ@ng?éBPeOff'P‘%er s
conpri Sipigret iean BB - ARG iss arfarde gaginC biicley aid/ar Bbeidenmichpripnigyan de

staple fibers. 28 January %005 -38 5. The heat-resistant f'be{-at%aper sheet
accdf di heat sesplant organic polymer as main components, characterized in h

the amount of said staple fibers is 45 to 97 percent by weight based
on the total amount of said heat-resistant fiber paper sheet; _
the amount of said organic resin binder and/or said. fibrids is 3 to
55 percent by weight based on the total amount of said heat-resistant fiber
15 paper sheet;
and )
' said organic resin binder is cured, and/or the ﬂbrids_coniprisir_lg

said organmic polymer, andfor the staple fibers comprising said
para-aromatic polyamide are partially softened and/or melted to exhibit the

20' actions of_‘binders‘.- '

9. The heat-resistant fiber paper sheet -
according to claim 1, wherein the undrawn or low ratio drawn
| para-aromatic polyamide staple fibers have a breaking tenacity of not more

25 - than 17.5 gfde,nier.

o 8. The heé—t-resistant fiber paper sheet according to claim 1 or

_ claim 2, wherein the specific gravity of the undrawn or-loﬁw,'rat'ip' drawn
para-aromatic polyamide staple fibers is not more than 1.37 5. '
30 | | | |
4. The heat-resistant fiber paper sheet acéording to either one of

clalms 1 to 3, wherein the staple fibers comprising the heai;'resistént

organic polymer are aromatic polyamide staple fibers. -




“Viherein the aromatic polyani de staple fibers which are the staple fibers
conprising the heat-resistant organic polynmer are parg-aromatl pol yam de
staple fibers. 6. The heat-resistant fiber paper sheet2&REBMY2AG° to cl ai m
-5, wherein the para-aronmatic polyam de staple fibers are staple fibers
conpri sing pol y-para-phenyl ene terephthal am de and/or staple fibers:
conpri sing copol y- par a- phenyl ene 3, 4' - oxydi phenyl ene terephthal am de. 7.
- The heat-resistant fiber paper sheet " #ccording to claim6, wherein the
staple fibers conprising the copol y-para-phenyl ene - 3,4'-oxydi phenyl ene
t er epht hal ani debar &hehbest-aptistdritbébsy tpapehositet SakdoRaRY: acosgla@hgl, #i :

' xed. 8.

cation-c ] - .4 on-non-.adsorhi ng i norgani c compound 1S

The heat Q@e’eg]%fsrk gﬁ? a? &%@Pc %lgﬁngﬁﬁegga@é‘c%??ﬁsn‘ﬁg#@ are ke sapleofiberd ai ms 4

~ to 7, whepmipmising lthat -hegheistnthnt | l@@gaxpi@pqu?ﬂﬁgt gfmp?,iﬁgsaggﬁ?aﬁcundr awn

or | ow rg[)l ingd%"ﬁrt‘ gqﬁ-arorratl c polyam de staple fibefs an e staple
fibers c Nﬁ% sSing ?tqﬁl Dtatic pol yam de except said para-aronatic

pol yam de fibers are contained in amounts of 4 to 35 percent by weight and

65 to. 96 percent ight,' respectively, based on the total amount of
the aromatic ;e)éc;l yiﬁ?\égeagtr&ﬁ%am & papeérrishesle accowingt tmtcldinbed, paper

sheet - acwidbing the patidiaroaneicOboGdTS shalp Ahothese) nstégﬁa Higipann or Tow
ratio dr@o\m xﬁlra-ar matic .pol yam de staple fibers are staple 'Bér s
conpri si TG £ He & A BAFY é‘éf%%eﬁeﬁ@?@%ﬂma@ﬁ aled/endstaplestigrs fi bers
conpr i sicignpiisingaopolyypHar-pheheR%k 8 NEY - ox3 dfh HerPIYSH P [ .

t erepht hal am de. 10. The heat-resi stanto- if)pere a%lgér gﬁeéth%gglcaﬁﬁileng to
claim9, wherein :the staple fibers conprising the copoly-para-phenyl ene

3, 4 - oxydiphenyil effthe hbarepsishilaibde pliRte MSEaRfinld B! Saim! B - Whose
sur f ace: -Eol hd’ l%:at | or}i- converting,. ané. | on- non-adsor bi ﬁlb | nbrgani c 28
Januar y%%%1 __3§ €' staple " fibers comprising the copoly-para-phenylene -
~ 3,4™oxydiphenylene * terephthalamide are the staple fibers to whose
surfaces a solid, cation-converting, and- ion-non-adsorbing inorganic‘
compound is fixed. ' ' |
7 ' 8. The heat-resistant fiber paper sheet according to either one of
' clgims 4 to 7, wherein the heat-resistant fiber paper sheet comprises the
ot undrawn or low ratio drawn para-aromatic polyamide staple fibers and the
o staple ﬁbers comprising the aromatic polyamide except said para-aromatic
. . polyamide fibers are contained in amounts of 4 to 35 percent by weight and
© 65 to 96 perceni; by weight, respectively, based on the total amount of the

- aromai;ic polyamide staple fibers.

o 9. The heat-resistant fiber paper sheet aécbrding to either one of
:"i Vclain:;s 1 to 8, wherein the undrawn or low ratio drawn para-aromatic
'1_poiy§1mide staple  fibers are staple fibers comprising the
pon*para-phenyleI;e terephthalamide 'éndlor. staple fibers comprising the
copoly-para-phenylene - 3,4’-oxydiphenylene - terephthalamidé. :

o 10. The heatresistant fiber paper sheet according to claim 9,
Whergin‘ the staple fibers comprising the copoly-para-phenylene -
~ 3,4-oxydiphenylene * terephthalamide are the staple fibers -to. whose

surfaces- a solid, cation-converting, and. on-non-adsorbing inorganic -




~conpound is fixed. 11. The heat-resistant fiber paper sheet according to
either one of claims 1 to 10, wherein the organic resin binder is the

wat er- di spersi bl e binder of one or nore resins sel ect €473MaM 20fe group
consisting of epoxy resins, phenolic resins, nelam ne-based resins, and

fl uoropol yner resins. 12. The heat-resi stant fiber paper sheet according to
either one of «clainms 1 to 3 or claige-9 to 11, wherein the staple fibers
conprising the 10 heat-resistant organic polyner are 'staple fibers

conprisin neous ring-containing aromatic polyner. 13. The
heat - r es?° gi‘%‘fﬂn‘ﬁsgé’f%aper sheet according to either one of claims | to 3
or claims 9 to 11, wherein the staple fibers conprising the 15

heat - r esi st ant _or gani lymer are staple fibers co r|S|n a pol yether
et her ket one. i %C}Wg’zt%'ﬁ@%ﬁﬁh‘frP By sheeh accondang tg eaidieaiong &o et her

one of cthidhd'd th 10, *herdhetled BridificirebR bieddt i Mhe thesiaR) & sfhiber s
corrprl si.ng.the_20 heat - r esi st ant orggnf_,rc pol ynmer are ranged from2 to 12
.nm 5. brhdenghone o moapresinserelpdfd irerebhe grewp songistingof ppxvne of

clai ms Yekihis] fhebled Riging HbldbhRReeal reBRls, h@asntidpol BefPegakst s bet ween
t he ‘fi ber Iength of the staple fibers conmprising. the Heat-resistant

organlc 25 polyner and the fiber Iength of the undrawn or low ratio drawn

para- aronati QZPOT}iafHeQQ ré&i%ﬂirﬁ: ﬁbé}eﬂ@er&eei hecraalg E@éitﬁ%f?‘ﬂhe fof ber paper
sheet accar di ngtﬁto either one of clains 15 , wherein the fibrids
conpr i sCymshé meherdams Shto él,gﬁflli'ﬁéel@oﬂ}ﬁ)ﬁ(jﬂiﬂe @Stwwsmgj‘ghmav. ng an

equirdy i bhlbYpBRESIHE eo%ﬁlgntga ,ﬂy;xt o4 € sthpRN G L omgpiga 11;% g resistant

fiber geer sheet accordin o claim]16, erein the onpri sing
t he heabePEYBERMS %P@d’ﬁﬂéalﬁém@#ﬁ‘?mapémwﬁﬁuary 2005 -40 fibrids
corrprl si ng the pol ypara- phenyl ene terepht hal ami de and/or the

13. The heat-resistant fiber paper sheet according to either one of
claims 1to 3 or claims 9 to 11, wherein the staple fibers comprlslng the
15 heat resistant orgamc polymer are staple fibers compnsmg a polyether

ether lketone.

14. The heat-resistant fiber paper sheet according to either one of
clahfns 1 to 13, wherein the fiber length of the staple fibers comprising the

'20  heat-resistant organic polymer are ranged from 2 to 12 mm.

15. The heat resmtant fiber paper sheet according to either one of
claims 1 to 14, wherein a difference of not less than 0.6 mm exists between
the fiber length of the staple fibers comprising the heat-résistant organic

25 i)olyﬁaer and the fiber length of the undrawn or low ratio drawn

. ‘para-aromatic polyamide staple fibers.

16.  The heat-resistant fiber paper sheet according to either one of

. claims 1 to 15, wherein the fibrids comprising the heat-resistant organic

30 polymer are the fibrids having an equilibrium moisture content of not more
than 7.5%. '

17. The heat-resistant fiber paper sheet acco:pding to ¢laim 16,

wherein the fibrids comprising the heat-resistant organic polymer are




“copol y- par a- phenyl ene 3, 4' - oxydi phenyl ene terephthal ani de. 18. The

‘heat -resi stant fiber paper sheet according to claim16 5 mhereln t he
fibrids conprising the heat-resistant organic pol yner 23 lanupry| 20

conpri'si ng pol y-net a- phenyl ene terephthal am de. 19. The heat-re3|stant _

fi ber paper sheet according to claim 16, wherein the fibrids conprising

't he ‘heat -resi stant organic polyner are. 10 fibrids conprising a nelt liquid
crystalline whol Iy aromatic polyester. 20. The heat-resistant fiber paper
sheet ac ing to claim16, wherein the fibrids conprising the

heat - r es '%‘El it COPBEIRIE $be yhelypara phenglens tetanhthalamgide ratdpogdeeous

ri ng- contoioly ﬁgréfﬁ)ﬁﬁﬁ%le(ﬁepofk unsiydl%ﬁeﬁ}lethBtA}gghf Hashshgnt fiber paper
sheet accor ing to either one of" Clalnhs ereln the bul k density
of the heat-resistant fiber paper sheet is 0.45 to 1.13 g/cnB . 20 22. The
hoat 1 est stant 1kl beRRSE rahash 68 1apo LNeel LDSR RN lctafhaje 1 1o

21, wherein the maxi mnum quantit I'ona ge neasured by
~the ol [veheredn nhen deprids ﬁ@ﬁlpﬂﬁﬁi@g tﬁem lﬁatfresmam?ﬂoegmhpdlymr mEasuri ng

‘the quanj 8 gﬁ@s §ehunidification of the
paper she‘deljtl(zS Zésm%e ??I%g?s g%;ﬁyfe%% iéhrals e? (length = 20 mMm w dth
5 mm kept in an at m)sphere havi ng not Iess than 85 %RH at room

tenperaturefo no t S c turAe is
heat ed fromthg rotr%b{e%éatelgg trégtto zsCES)a Eﬂg’ét érﬁ%&éﬁ? &}léfmgﬁsr ate of
10 t/ mi wwheréin Héwe ﬁbmldl eampyisow | the heat hmmtmm oegadc apelymeat age 30

te ra o_dry the fiber aper sheet. The
heg?(?ngqﬁﬁ‘g%ét%e%h g E‘%lﬁ%&%‘?‘% S{r?{)géra lﬁarvérg %B’Pa&hccp?l & t(‘?Eiol i ng _
treatment from 2801 to the ordinary terrperature are further twce

repedted. Subsgguentl heshesIRALHLANANL At dLRaRLopelghagge (the

maxi mum guant.it el ongat’i on aXi T
wherein the fibrids comprising the heat-resistant organic polymer are

fibrids comprising a heterogeneous ring-containing aromatic polymer.

15
_ 21. The heat-resistant fiber paper sheet according to either one of
claims 1 to 20, wherein the bulk density of the heat-resistant fiber paper
sheet is 0.45 to 1.13 glem?. '
20 ' 22. The heat-resistant fiber paper sheet according to either one of

clalms 1 to 21, wherein the maximum quantity of paper dimensional
change measured by the following method is not more than 65/ m.
" <The method for measurmg the quantity of dimensional change caused by
the dehumldlﬁcatlon of the paper sheet> :

25 .. The heat-resistant fiber paper sheet (length = 20 mm, width = 5

. mm) kept an atmosphere having not less than 85 %RH at room
temperature for not less than 48 hours to sufficiently- a’bsorb moisture is
heated from the room temperature to 280°C at a temperature-rising rate of
10 C/min and then immediately cooled to the room temperature at a

30  temperature-lowering rate of 10 C/min to dry the fiber paper sheet. The
heating treatment the ordinary temperature to 280°C and the cooling
‘tréatmen_t from 280C to the ordinary temperature are further twice
repeated. Subsequently, the maximum quaniity of dimensional change
(the maximum quantity of elongation or the maximum quantity of




41 shrinkage) of said paper sheet in the longitudinal direction of said:
paper sheet is neasured. 23. The heat-resistant fiber_ paper sheet
according to either one of 5 clains | to 22, wherein %£ aye208p

di mensi onal change of the fiber paper sheet in the |ongitudinal direction
I's not nore than 0.30% when the fiber paper sheet is thermally treated at
a tenperature of 280'C for five- nlngéqs. 10 24. The heat-resistant fiber
paper sheet according to either one claims 1 to 23, wherein the tensile
strength and_plybond strength of the fiber paper sheet are not |ess than
1.5 kg/ 18h mkag@l) pbsaidepspethaheat2in ghd fongitmdinad péwictioel yf sdid psperA met hod

for prodyg q?% jesistant fiber paper sheet, characterized by
subj ect i ng sta Bers conprising a - heat - r esi st ant or gani ¢ pol yner,

undrawn or low ratio drawn para-aromatic polyam de staple fibers having a
speci fic gravityy of n breaki ng el.gngati on. of not

nore than 5. 8%2/3 dT lg(%ilggpgeﬁsllé&?@sﬁ]bﬁ%%%ﬁgﬁghQ% aacf?af%ﬁn#ob‘?lﬁb% Mri sing a
" heat -f esé¢lgimatl tr Qanmdlepeilyhlm rae ohdimmensipapkchange of the dilesspapbryi ng the

obt ai ned r t n heaj i n dop Sur i |n t obt ai ned
dry papermg%%elcg}ta“’l?1 ® 10% %%di%fla&r?é}l%]? 152%™ }%@faéga? 3?3%”150 to
250 kg/ cpaper sheet a$|i;he$nfatlbn tagatledr at nel tenthearatioer |01328©f@rfos~| figesai d
heat-res]![l k. organi ¢ polyner. 25 26. The nmethod for producing the
heat-resi'stant fiber paper sheet according to claim?25, wherein an organic

resin binder is inparted to said wet paper sheet obtained by the wet
t he _heat - | st ant

pap r-makln pr e net hod for .produgin

fi bglr paperggj*negfl catitrr(?rgﬁéa{lgq%eiim% Slg?etc?%ﬁ ﬁ‘? " tQuedthar Omf H’ undr awn
or | ow rckaimos dr m/\/aa,pwmfamottm tengibd yashgth amapjalsrbbnaeétseﬂ@ﬂl oﬁtbé eaki ng

el ongat 'ﬁ%roﬂca (%tsheEE aré rﬁ%? less t%% a{'% kg/?g%%lc(nl a @?gslstéi] 15 g/15

mm, respectlvely.

15 25. A method for producing a heat—res1sta.nt
fiher paper sheet, characterized by subjecting staple fibers compnsmg a
‘heat-resistant organic polymer, undrawn or low ratio drawn para-aromatic
polyamide staple fibers havmg a specific gravity of not more than 1.380 and
_ ‘a breaking elongatlon of not more than 5.8%, and an organic resin binder
20 andj’or fibrids comprising a heat- resistant organic polymer to. a wet
' paper-making process, drying the obtained wet paper sheet, and then
heating and pressurizing the obtained dry paper sheet at a temperature of
220 to 400C at a pressure of 150 to 250 kg/em to partially soften and/or

melt the fibrids comprising said heat-resistant organic polymer.

25
26. The method for producing the heat-resistant fiber paper sheet
according to claim 25 wherein an organic resin binder is mearted to said
wet paper sheet obtained by the wet paper-making process.
'.30 27.  The method for producing the e

heat-resistant fiber paper sheet according to claim 25 or claim 26, wherein
‘the undrawn or low ratio drawn para-aromatic polyamide stéple fibers has
a breaking elongation of not less than 5.3% and a breaking tenacity of not
more than 17.5 g/denier. ' - e




‘more than 17.5 g/denier. 28 January 2005 -42 28. The nethod for producing
the heat-resistant fiber paper sheet according to either one of clainms 25
to 27, wherein the staple fibers conprising the heat - P8dangagn2006r gani ¢
pol ymer are aromatic polyanm de staple fibers. 29. The method for producing
the heat-resistant fiber paper sheet according to claim 28, wherein the
aromati c pol yam de staple fibers are para-aronmatic pol yam de staple
~fibers. 10 30. The nethod for produéﬂ%g-the , heat-resistant fiber paper
-sheet according to claim28 or claim29, wherein the undrawn or low ratio
drawn para-aromatic pol yam de staple fibers having a specific gravity of

not nore than 8 L n 1.5 of re than .5.8%

and the aromat 32089,ng§§2%“§5 (fgflé el%fj% hgnlb?ats%ﬂsasta g ﬁB%\’F SR ¢

pol yami oﬁla‘eltbmcerthng trs eithiew mmmﬁtdanﬁ% L5 81:(35 ZWervc]&élfelilaYthé/\@teqflb ?n?h65
6 ent ht, tivel ased.on the total anount. o e

;?ognt ngﬁ gpltél fﬁ%@& 63/%5 O e PR S or 2157 oﬁ’cﬂﬂlﬁb‘ct he

heat &r eq:cﬂyamhdé Bmﬂeﬁbp&r sheet according to either one of clainms 25 to

30, wherein the, undrawn or low ratio drawn para-aromatic pol yam de

staple fibers are staple fibers -conprising polypara-phenyl ene
t ereplit hal ani @9 arfheo mesthaydl ﬁoﬁ‘ iphedGcingihé Shdnd- &Qﬁﬁéﬂt Iqﬁﬁéi* phgBy| ene 25

3,4" - de. .32. A repr y mpregnatlng
2 heat - PREPE P Elaiioen. wREHR fera i bar RODGTRY

char act meq&da’rafroidlﬂicptﬂyﬁmﬂi@@tap’lﬁiib%&@nt fiber paper Sh%t 'S the
heaggfrem stant fiber paper sheet 30 according to either- one of clains 1

33. Alamnate formed by heating and press-nolding a
30. The method for producing the

heat-resistant fiber paper sheet according to claim 28 or claim 29, wherein
the undrawn or low ratio drawn para-aromatic polyamide staple fibers
having a specific gravity of not more than 1.380 and a breaking elongation
15  of not more than 5.8% and the aromatic polyamide staple fibers except said
para-aromatic polyamide fibers are used in amounts of 4 to 35 percent by
weight and 65 to 96 percent by weight, fespectively, based on the total

- amount of the aromatic polyamide staple fibers:.

920 31 The method for producmg the
heat resistant ﬁber paper sheet accordmg to either one of claims 25 to
- 30, wherein the undrawn or low ratio drawn para-aromatic polyamide
staple fibers are staple fibers ~comprising polypara-phenylene
terephthalamlde and/or staple fibers comprlsmg copoly-para-phenylene *
25  3,4-oxydiphenylene * terephthalamide,

32. A prepreg formed by impregnating -a heat-resistant fiber
‘paper sheet with a thermosettmg resin, characterized in that said
_ heat-resistant fiber paper sheet is the beat-resistant fiber paper sheet
- 30 according to either one of claims 1 to 24.

33. A laminate formed by heating and press-molding a
~ heat-resistant fiber paper sheet impregnated with a thermosetting resm
charactenzed in that said heat resistant fiber paper sheet is the




“heat -resi stant fiber paper sheet inpregnated with a thernosetting resin,
characterized in that said heat-resistant fiber paper sheet is the 28
January 2005 heat-resistant. fiber paper sheet accordi AgJawasi2088r one of
clains 1 to 24. 28 January 2005 -43 ABSTRACT A heat-resistant fiber paper
sheet which is formed fromstaple fibers made from a
heat - resi stant organi c polyner, undrawn or |low ratio drawn para-aromatic
pol yami de staple fibers, and an orgdfit resin binder and/or fibrids
conprising a heat-resistant organic polynmer as main conponents, wherein

t he anouheatofesssiadt Sbappepér bheat dcoadingaoFittparaensf dyimwe ght4.based on
the total anpbunt of said heat-resistant fiber paper sheet; the total -
anount of said organic resin binder and/or said fibrids is 3 to 55 percent
by wei ght based on the total -anmount of said heat-resistant fiber paper
sheet; and said organic.resin binder is cured, and/or said undrawn or | ow
rati o drawn para-aromatic pol yam de staple fibers and said fibrids are
partially softened, deforned and/or nelted to exhibit the actions of

bi nders. The obtai ned heat-resistant fiber paper sheet has excellent heat
resi stance, excellent . heat dinensional stability, excellent plybond
strength, an excellent electric insulating property in a high humdity,
and the like, has good resin inpregnability in spite of having a high bul k
density, and is especially suitable for use as.” a substrate for electric
insulating materials or as a substrate for lam nates used for electric
circuits. : .
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ABSTRACT

A heat-resistant fiber paper sheet which is formed from staple
fibers made from a heat-resistant organic polymer, undrawn or low ratio
drawn para-aromatic polyamide staple fibers, and an organic resin binder
and/or fibrids comprising a heat-resistant organic polymer as main
components, wherein the amount of said staple fibers is 45 to 97 percent by
weight based on the total amount of said heat-resistant fiber paper sheet;
the total amount of said organic resin binder and/or said fibrids is 3 to 55
percent by weight based on the total amount of said heat-resistant fiber
paper sheet; and said organic resin binder is cured, and/or said undrawn or
low ratio drawn para-aromatic polyamide staple fibers and said fibrids are
partially softened, deformed and/or melted to exhibit the actions of binders.

‘The obtained heat-resistant fiber paper sheet has excellent heat resistance,

excellent heat dimensional stability, excellent plybond strength, an
excellent electric insulating property in a high humidity, and the like, has
good resin impregnability in spite of having a high bulk density, and is

-especially suitable for use as a substrate for electric insulating materials or -

as a substrate for laminates used for electric circuits.




