DESCRI PTI ON  THERMOSETTI NG RESI N COVPOSI TI ON, THERMOSETTI NG RESI N
MOLDI NG COVPOUND AND CURED PRODUCT THEREOF Technical Field The
present invention relates to a thernosetting resin conposition, a
t hernosetting resin nolding conpound and a cured product thereof.
Background. Art Phenolic resins include 1) thernoplastic

novol ac-type phenolic resins and 2) thernosetting resole resins.
Novol ac-type phenolic resins ar%ggagd as_a._ thernosetting phenoli-c
resin composition by containing %F?ﬂﬁoggent (in nost cases
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excel I ent properties ~such as heat resistance, nechanical s ngt h,
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applications such as nolding conpounds, |am nated sheets, adhesives
and so on. In contrast, due to the | ow tenperature dependence of
the curing rate, conventional thernosetting phenolic resin

conposi tions have a probl em asprkahh@ws.1 ¥y &y 40l ding nethod such as
injection nolding for exanple, if a resin conposition having a fast
curing rate at the nolding tenperature is used for nolding in order
to reduce 1 production tine in a nnldina process, curing of the

melted resin i (ﬂﬁﬁ%ﬁ??ﬂl%y?%EﬁQPaFﬁ & HesndrC tth 2 FRORBF B RG
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and a cured product thereof.

Background. Axt

Phenolic resins include 1) thermoplastic
novolac-type phenolic resins and 2) thermosetting resole
resins. Novolac-type phenolic resins are used as a
thermosetting phenolic resin composition by containing a
curing agent (in most cases hexamethylenetetramine is used
as a curing agent). They have various excellent properties
such as heat resistance, mechanical stréngth, electrical
properties and so on, and are used for various applications
such as meolding compounds, laminated sheets, adhesives and
SO on.

In contrast, due to the low temperature dependence
of the curing rate, conventional thermosetting phenolic
resin compositions have a problem as follows. Inamolding
method such as injection molding for example, if a resin
composition having a fast curing rate at the molding

temperature is used for molding in order to zreduce



Consequently, thermal stability of the resin deteriorates and it
causes a problemthat the range of conditions required for nolding
Is strictly limted so as to inpair nolding workability. On the

ot her hand, in view of thernmal stability of resin, if a resin
conposition having a low curing rate at a tenperature |ower than the
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used, the curing rate at the nolding tenperature also decreases so

as to redtREPrigdpeomgtgd athastenperhtnmesdbwenythesi the onpoding on
which is well bal anced _between productivity and, nolding workability,
has a fast®™REFFINGETat /2 ¢ hESHSiRSg FBRperEe®iB, SRR HIPT educe
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than the no erat uf e at he resih conposition 18
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order to"increase the curing rate of such a thernosetting phenolic

resin cdimposialiding al i ghriotégulaninedolsac asy e plvepwdld aalebing
(e.g. pages . 2 to 4 of Japanese Patent Application |aid-open (JP-A)
No. 2001- gﬂf?ﬂb’o]rl‘éy'hi giPor thE riovtac hethe pReritig® ofedihequaly.
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as a curing agent, has been proposed as a nethod to increase the
curing r&espedowererat efibcksthheresfinaremglosd tdinsufis medited 2s
D scl osuru%e%f’ itwgntc{lggng rate at the molding temperature also
decreases sé as to reduce productivity. Thus, a
thermosetting resin composition which ié well balanced
between productivity and molding workability, has a fast
curing rate at the molding temperature, enables to reduce
production time, and is stable without curing at a
temperature lower than the molding temperature at which
the resin composition is melted has been strongly desired.
In such a resin composition, in order to increase
the curing rate .of such a thermosetting phenolic resin
composition, a high molecular ﬁovolac—-type phenolic resin
(e.g. pages 2 to 4 of Japanese Patent Application laid-open
(JP~-A) No.2001-40177} or a high ortho novolac-type phenolic
resin (e.g. pages 2 to 3 of JP-A No..Hei. 8-302158) has been
used hitherto; however, effects thereof are insufficient.
Adding an organic acid as a decomposition accelerator
of hexamethylenetetramine, which is used as a curing agent,

has been proposed as a method to increase the curing rate;

however, effects thereof are alsgo insufficient.



Probl enms to be solved by the Invention The present invention is to
provide a thernosetting resin conposition which is excellent in
thermal stability and has an extrenely fast curing rate, a

t hernosetting resin nolding conmpound obtained therefromand a cured
product thereof. Means for solving the Problens The inventors of the
present invention found obtsehasurenett Ramesitioming rate of a resin
conposition containing a novolac-type phenolic resin and a

pol yacetal resin is extrenely increased by maki ng the pol yacet al

resin funstpONemastd ggr%%gv%gp of, & he, povol ac-type phenolic resin
and using a cycl ohexyl conpoun as BE CTRY E3Fal yst. As a result

of conducting further diligent researches, the present invention was
finally obtained, The present invention is a thernosetting resin
conposi ti on conﬁF?SPﬁﬁSﬁnﬁo%%Vﬁﬁtﬂ9Bel%Héh@ﬂQYkigEmtharmpebyaaagm

resin anqr@b b sented y the ne fornula (1).

3 [ Cheni cal %ﬂﬁ JOg R (ell)lierﬁg %4%%5@554 ssabgiifky |
and has an extremely fast curing rate, a thermosetting resin
molding compound obtained therefrom and a cured product

thereof.

Means for solving the Problems

The inventors of the present invention found out that
the thermal curing rate of a resin composition containing
a novolac-type phenolic resin and a polyacetal resin is
extremelyincreasedbynmkingthepolyacetalresinfunction
as a curing agent of the novolac-type phenolic resin and
using a cyclohexyl compound as a curing catalyst. As a
result of conducting further diligent researches, the
present invention was finally obtained.

The present invention is a thermosetting resin
composition comprising a novolac-type phenolic resin, a
polyacetal resin and a curing catalyst represented by the

‘general formula kl).



nthis formula, RL to R12 each denote any of a hydrogen, an alkyl
group having 1 to 4 carbon atons, a hydroxyl group and a group
represented by the followwng formula (2) to (4) . One or two or nore
of R to R12 are a group represented by the fornmula (2) , (3) or (4)
and may be the sanme or different fromeach other. [Chem cal fornmula
2] R14 R13cBREMim2 Ofofm}ia R1p RL7 In this fornula, RL3 to Rl7each
denote any of a hydrogen, an alkyl group having 1 to 4 carbon atons,
a hydroxyl group, an al koxy group, a halogen, a nitro group, a
nitroso group, a sulfaqpic,group, a carboxyl group, a cyano group, an
am no group, an anmoni bup, a trialkylamonio group and a group
represent ed by t he R g Rermula (5) or (6). 4 [Chenmical fornula
3] 302-0- (3) . %ﬁ? forﬁyla 4 [/ | \ S02-O (4) [Chemica
formula 5] Rle O Bs formul a, R18 denotes a hydrogen or
an al kyl group hg%i' g&rbon atons. . [@ﬁénical formul a 6]

Inthis formula, R; to Ri; each-denote any of a hydrogen,
an alkyl group having 1 to 4 carbon atoms, a hydrexyl group
and a group represented by the following formula (2) to {4).
One or two or more of Ry to R:; are a group represented by
the formula (2), (3) or (4) and may be the same or different
from each other.

fChemical formula 2]

R4 Rq3
Ris SOp—0— (2)

Rie R4z

Inthis formula, Ri3 toRiseachdenote anyofahydrogen,
an alkyl group having 1 to 4 carbon atoms, & hydroxyl group,
an alkoxy group, a halogen, a nitro group, a nitroso group,
a sulfonic group, a carboxyl group, a cyano group, an amino
group, an ammonioc group, a trialkylammonio group and a group

represented by the following formula (5) or (6).



R19. O C (6). OlIn this formula, R19 denotes a hydrogen or an al kyl
group having 1 to 4 carbon atons. In the thernosetting resin
conposition, fromthe viewpoint of preventing curing at |ow
tenperature, the curing catalyst preferably has two or nore groups
represented by the formula (2), (3) or (4) as RLto R 2 of 5 the
gener al fc";@ﬂéhi&ii Egr#%gat@ rnosetting resin conposition, fromthe
vi ewpoi nt of 1 ncreasing € caring rate, the curing catalyst is
preferably a conmpound represented by the general forrmula (1) having
a group rep ented by the fornmula (2), (3) or (4) as Rl and R3, a
conpound rg engﬁg_gﬁuthe general formula (1) having a group
represent e ormula (2), (3) or (&) as RL and R5, a conpound

represente¢f b\ t he general ‘formula (1) having a group represented by
t he forrrul, (3) or (4) as R1L and R7, or a conpound represented
by the geneya formula (1) having a group represented by the formula
(2), (3) or (4) as Rl, R5 and R9. In the thernosetting resin
conposition, fromthe viewpoint of increasing the curing rate
further, thenerGnl represelted by the formula (2) is preferably a

group represented by the followng forrmula (7). [Chem cal foxnula 7]
CH3 ' g02-0- (7) In the thernosetting resin conposition, fromthe

S
o,

[Chemical formula 5]

Rm“%“
S {5)

In this formula, Ris denotes a hydrogen or an alkyl
group having 1 to 4 carbon atoms..

[Chemical formula 6]

R1g‘_0'—" ?I;_ (6)
O

In this formula, R,s denotes a hydrogen or an alkyl
group having 1 to 4 carbon atoms.

In the thermosetting resin composition, from the
viewpoint of preventing curing at low temperature, the
curing catalyst preferably has two or more groups

represented by the formula (2), (3) or (4) as R; to R;, of



vi ewpoi nt of increasing the curing rate nost highly, the' curing
catal yst represented by the general forrmula (1) is

1, 2-bi s(p-tol uenesul foni ¢ acid)cycl ohexyl, 1, 3-bis(p-toluenesulfonic
aci d) cycl ohexyl, 1, 4-bis(p-tol-uenesul fonic acid)cycl ohexyl or
1,3,5-tris(p-toluenesul fonic acid)cyclohexyl. The thernosetting resin
conposition preferably 6 contains 10 to 30 parts by weight of the
pol yacet altheeganenw#t hfpewpést (0.100 parts by wei ght of the

novol ac-type phenoljc resin. In the thernosetting resin conposition,
fromthe viewo %tL%Piﬁ%ﬁ%ﬂﬁﬁgﬁf%%% THP Ry RO SISO gfry™ £he

novol ac-t w&%%@fﬂ be Jfl?éi‘é(;%% %ﬁg?@g&@iﬂ%%ﬂ%’%ﬁg'c%%ghcatalyst

phenol - f or nal yde resin y reatti ngghénol™s

f or mal dehyagsrefartibe vt Hesomsaidd BQEE:@%ie&t(éHTB?SEEé 9BnekhBe formula
novolac-tygg ghenollc resin preferably has an el ectrical

conduct i vil BVi§de SuSTroxtr Zeprefsest efiSbymtive fogmulthd2pr edant or

i nvention glso %egrﬁﬁggts a thernopsetting  resin polding conpound
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present invention, a thernosetting resin conposition having an,

extrenel y (Lasha¥ineng gapepcampresented by the formula (2), (3) or
(4) as Ry and Rq, or a compound represented by the general
formula (1) having a group represented.by the formula (2),
(3) or {4) as R;, R apd Rg.

In the thermosetting resin compbéition, from the
viewpoint of increasing the curing rate further,Athe group
represented‘by the formula (2) is preferably a group
représented by the following formula (7).

[Chemical formula 7]

CHg‘@—SOz—O— - (7)

In the thermosetting resin composition, from the
viewpoint of increasing the curing rate most highly, the

curing catalyst represented by the general formula (1) is

1,2-bisg(p-toluenesulfonic acid)cyclohexyl,
l,3-bis(p—toluenesulfonic acid) cyclohexyl,
1,4-bis(p-toluenesulfonic acid)cyclohexyl or

1,3,5-tris(p-toluenesulfonic acid)cyclohexyl.

The thermosetting resin c¢omposition preferably



be obtained. It is suitably used for applications such as nolding
conpounds, |am nated sheets, adhesives and so on, for which a

t hernosetting phenolic resin conposition has conventionally been
enpl oyed. Further, a cured product obtained therefromis suitable
for appli camtanisns uch tas 3 lageermbihe wvedidht o ekl paR¢RaRkeal rhakhs,
electric and_  electronic parts, and so on. 7 Best Mde for carrying
out the | P&t iXREPERY eFRafPlr Paghe Bastwarkaht fof therpenglagtivhe

t her noset t | i osition, the thernosetting resin nolding
conpound gﬁ%g¥£§§%ﬂ$%g pfoduct thereof of the present invention wll

be described in et ahk. tlﬁéﬁ&?s@é&)ﬁ?@régﬁnprc%ﬁ?gsrﬂﬁv tipp relgtes

to a thernosetting resin conposition conprisi a novolac-type
phenol i ¢ VésMpoiatpelfydostndas sy ntlaadear CHE AgteahakyShighepr esrat ed
by the general fornula (1) and.a thernpsetting resin conposition
havi ng anBeXCr&feSyradhenrl hg Feftnnby phefebehl ved byvebapr E¥bag
such conp el r n i_nvention, al relates to a )
thernDset?ﬁ%§E§e§4¥%é%éﬁﬁgﬁe5ﬁﬁfﬁﬁﬁ%t%6ﬂﬁagﬁﬁﬁﬁagEEHgfqﬁﬁﬁ#ﬁﬁéFFing
resin conmpeshbieRnyyka filler in one aspect. The present invention
also further relates to a cured product obtained by during such a
thernbsetting regin chaposhteiromw st @iider paSeht | RGMRS It 16W) di fige
conmpound in oEe aspect. ,The novol ac-type phenolic resin used for the

present TAVBARFONYPS ERSANELF Bieslt G e prchp| B2 ar eslbec i ¢rl
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Thepresent inventionalsorepresents a thermosetting
resin molding cqmpdund comprising the thermosetting resin
composition and a filler. -

Thepresentinventiénalsofurtherrepreéentsacured
pProduct formedby curingthe thermosetting resincomposition

or the thermosetting resin molding compound.

Effect of the Invention

According to the present invention, a thermosetting
resin composition having an extremely fast curing rate can
be obtained. It is suitably used for applications such as
molding compounds, laminated sheets, adhesives and so on,
for which a thermosetting phenolic resin composition has
conventionally been employed. Further, a cured product
obtained therefrom is suitable for applications such aé
automobile parts, electromechanical parts, electric and

electronic parts, and so on.



they may be either random novol ac-type or high ortho novol ac-type.
For increasing the curing rate of such resins, it is preferable to
use phenol, cresol, xylenol, naphthol or the |ike as phenol and to
use fornmal dehyde, paraformal dehyde or the |ike as al dehyde. For
increasing the curing rate nost highly, a novol ac-type
phenol - f or mal dehyde resin obtained by all ow ng phenol as 8 phenols
to react with fornal dehyde as al dehydes is nost preferable. In the
novol ac-type phenolic resin, it is preferable that the content of

ionic inpurities j lser . ._content.of ionic.inmpurities is
represented by th%égﬁgg%gsbéaukxnéii%?ii?égo%h3q653&§%5ﬁ¥act, a
novol ac-type phenolic resin having an electrical conductivity of
aqueous extract _of 50 }iS/cmor less is preferable. it is nore
preferabl e that BEREGATIECHOf the desd rrede Eomdueaiwyiyg obulqudsus

extract g zerg. |If the value is.in _the aforenmentioned
r ange, ph§k$%é+§?géﬁéggtge%%Pecgyggﬁﬁiﬁﬁn*c%FﬁbF%FEVﬂ%?qqﬁPg resin
product i OmdAfd it & BRI afthfef@Ef@épﬁ%&é@tﬂséégﬁ&@tﬁ%f}%@eﬁt
the electrical conductivity of aqueouS extract used in the“present
i nvent i on1nviesyiei omywbelabeetieed rdiehi thatdatapressur e- r esi st ant

container charged with 6.0 g of a novol ac-type phenolic resin and 40
n of distilled WAt8P® PEPRES: &ihe iRfIRSeRtb}BEEDEdORezE lRtESt O i n

o e koS L O ot eldy el LS RIS e
phenolic resin, a polyacetal resin and a curing catalyst
represented by the general formula (1) and a thermosetting
resin composition having an extremely fast curing rate may
be obtained by comprising such components. The present
invention also relates to a thermosetting resin molding
compound comprising such a thermosetting resin composition
and a filler in one aspect. The present invention also
further relates to a cured product obtained by é¢uring such
& thermosetting resin composition or a thermosetting resin
molding compound in one aspect.

The novolac-type phenolic resin used for the present
invention is obtained by allowing phenols to react with
7formaldehydes in or without the presence of catalyst, and
they may be either random novelac-type or high ortho
novolac-type. Forincreasingthe curingrateof suchresins,
it is preferable to use phenol, cresol, xylenol, naphthel
or the like as phenol and to wuse formaldehyde,
paraformaldehyde or the like as aldehyde. For increasing
the curing rate most highly, a novolac-type

phenol-formaldehyde resin obtained by allowing phenol as



conductivity nmeter. The polyacetal resin used in the present
invention may be a polynmer which has an oxynethyl ene group as a main
constituent unit and functions as a curing agent in the present

i nvention. For exanple, there may be a honopol yner-type pol yacet al
resin, a copolyner-type polyacetal resin containing a constituent
unit other than an oxynethylene group by |ess than 50 % by meight.

Rent ey iSRS 0 T g 000U A, RIS D SRR GHETEE ndse

agent, an”oxi dation |n |tor S0 on

pol yacet abriefranbl&or exarrpl e, there may be Delrin 500 NCOlO
(manuf actured by DuPont), Tenac 4010 (manufactured by Asahi Kasei
Cor por ati on) or ¥hé&hs kevolAs -tthwecphehypidrppeyanetit isreséferbbeee
may be Duracon 0S émanuf actured by PolyplasticsCo.,Ltd.), F30-01
( manuf act E?‘@% 59 ENFPREBRSHPE %%é@ﬁ%@%t%wv@&l@@r at bRy, the

Tenac-C 7 f; . K r 0] n t

The curi nggggfa@;g? 1?’2%'?%2@ ? é% %3 nerar}%efdg]%ﬁlk)g %‘?cgjéiacdai
t he presenbniioeeritiian, ey dgicnes @wmcta er%kpoiﬁ@f\@?ﬁ@t Dy1§be
formula (2), (3) or (4) as one or two or nore of Rl of the

gener al féﬁﬁﬁmah%‘l}ng am@lmrmbaioath1mwefmaqbbpua exnpatind

represente Q enei formula_ (1) having a, group

represent%gbgghlé ?Sﬁnnﬁra ©$32) 15 (Ryebrreky eas %‘;{ AAIREe B eErFRRh

D" Foe ek L Bl Lol AL R P ETILES,

the geneeatrfhotmygerd lribaeing-a geeup represapt aghNye t B figr Mm@
aforementioned range, the resin exhibits more excellent
curability in the production of a curing product thHereof.

As the measuring method of the electrical
conductivity of agueous extract wused in the present
invention, thexre may be a method such that a
pressure-resistant container charged with 6.0 g of a
novolac-type phenolic resin and 40 wml of distilled water
is kept airtight, subject to heat treatment in an oven at
125 °C for 20 hours, and left to cool, followed by measuring
supernatant water thus obtained with an electrical
conductivity meter.

The polyacetal resin used in the present invention
may be a polymer which has an oxymethylene group as a main
constituent unit and functions as a curing agent in the
present dnvention. For example, there may be a
homopolymer-type polvacetal resin, a copolymer-type‘
polyacetal resin containing a constituent unit other than
an oxymethylene group by less than 50 % by weight. The

polyacetal resin may contain additives such as a release



(2), (3) or (4) as R, and R7, or a conpound represented by the
general formula (1) having a group represented by the fornula (2),
(3) or (4 as R, R5 and R9. Rl and R3, R1 and R5, or Rl, R5 and RO
of these conmpounds may be the sane or different groups. As an al kyl
group having 1 to 4 carbon atons as Rl to-R12 of the general fornula
(1) , there may be listed a nethyl group, an ethyl group, an

n- propyl 8F6HE, 3RARFISEPropynhdbdder andscony| % ¢ henepolyheryl
group and so_on. As_an.al kyl group _havj 1 to 4 carbon atons__as
RL3 Lo RIFOSYAERETGRET AP (ATHErE B » S EREFETRP R TF St 200 NCHLE ny )
group, an(ghivlea@ioiied BY MuhAY] 18LAP40 80 (mthd PRPLODY b GLOMRs an
n-butyl group, a tert-butyl group an SO on. an al koxy droup,

t here mayrhegellicsgshiatedbhP £196 QUke .an ASHHIOX ¥ 0@bQYihed b BPa O a A\S
hal ogen, there naz be listed fluorine, chlorine, bromne, i1odine and
so on. ABCELfy| abRprEaMPAYo HPeouPpunanare MO DHe (nanedpetured by

trimet hyl ni o _gr.oup,and n. | Kyl _ grou avi_ny to 4
car bon at€%£982a§%§Qﬁc?heléghgwdvfﬁbsﬂd%ﬁ'Q5é%tY£%$§Y45%ﬁ%RP§$%ted
a methyl ghouRecRngt Mila GrQUD, andi- PPy ondroup, Ls@- pr

group, an ngbufil S%oup?'aziert-bufgﬁﬁggrou%nghd soT%ﬁééAg an0§¥%§I
group havimgnifaotdredr hon Asdioihekase R goebotrhe igenered o midiee (6)
there may be listed a nethyl group, an ethyl group, an n-propyl

group, an iso-BPGpyFuEiBEp, ke Bt yererpntadt dry - bhey| el and

S0 o PR e LSS B, e e Rt v SR ()

and Rl, is g¥eierodbeesented by the formula (2), (3) or (4) as one
or two oxr more of R; to Ry; of the general formula (1) . The
curing catalyst is preferably a compound represented by the
generalformula(1)havingagﬁbupxepresentedbytheformula
(2), (3) or (4) as R; and R;, a compound represented by the
general formula (1) having a group representedbythe formula
(2), (3) or (4) as Ry and Rs, a compound represented by the
general formula (1) having a group represented by the formula
(2), (3) or (4) as R, and R,, or a compound represented by
the general formula (1) having a group represgsented by the
formula (2}, (3} or {(4) as R;, R; and Rs. Ry and Ri, R, and
Rs, or Ri, Rs and R; of these compounds may be the same or
different groups. As an alkyl group having 1 to 4 carbon
atoms as Ry to Ry, of the general formula (1), there may
be listed a methyl group, an ethyl group, an n-propyl group,
an iso-propyl group, an n-butyl group, a tert-butyl group
and so on. As an alkyl group having 1 to 4 carbon atoms
as Riz to Ry; of tlie general formula (2), there may be listed

a methyl group, an ethyl group, an n-propyl group, an

10



As specific exanples of the curing catalysts, there maybe |isted:
bi s(p-tol uenesul fonic acid) cycl ohexyl such as

1, 1- bi s(p-tol uenesul foni c acid)cycl ohexyl, 1,2-bis(p-toluenesulfonic
aci d) cycl ohexyl, 1, 3-bis(p-toluenesul fonic acid)cycl ohexyl, and

1, 4- bi s(p-tol uenesul fonic acid)cycl ohexyl; tris(p-toluenesulfonic
acid) cycl ohexyl such as 1,1,4-tris(p-toluenesulfonic

acid)cyclo v ~LLI'S ) h

1,2, 4- tr|s?%étgraeﬁgéﬁﬁ?ﬁﬁlcégé%g%cébié%l 3? g‘éﬁkg BM%&S §§¥Lp and
-tri sép-ool uanesad faoniexpc) ey PHQ’(@@'IR&L'{' be listed a methoxy
kls(p t ol uenesul foni ¢ aci d) cycl ohexyl suc
te@?%kps(ﬁﬂtﬁtbéﬁysarp@ml@nébﬁaycybloH@xWblogbn, there may

uenesul fopi.c _gci d) | ohexyl, and
b ol St B BERERE 1 Bhn 8r&aed) B OBy todine and so on.
enes i | o .
q%gnpﬁ(gh%%?ﬂgﬁggﬁﬁ%g%§c %#cyggﬂ%eéylmay be listed a
mrmaﬁmylmmmenesuﬁ@ﬂpcamlsd)@zycl Qe sy alﬁﬁ}d group having
ent a( p-t ol uenesul foni ¢ aci d) cycl ohexyl ;
ﬁ’éﬁe%u‘ﬁ%‘?@% ey aﬂcﬂmh@tythg@masal formula (5), there
, xa(n: toI enesul.fani ¢ acid)c XY
, goxa(lp 5 (ﬁcﬁ &etﬁ}* &m%oél(ﬁ ) gxﬁroup, an n-propyl

,%ﬁ: hexa(a@l § gbueResif Bg'o%pachﬂ ﬁt{:@?exyz%ou% § tert-butyl

a(p t ol uenesul f dni c "aci
, 5 g umxaaiP-do| arnesAs famml}apld@rﬁgmbotiamihg 1 to 4 carbon
-tol uenesul foni ¢ aci d)cycl ohexyl such as

, 4 2B @5t Byep? £ ot e estR Fohife mt D dfdl-ohBrye, may be listed
a methyl group, an ethyl group, an n-propyl group, an

e

t
-t
5
5-
, 5-
t ol
5
4 "
4
4

PSR RPRPRPRIRRRD PP TR

iso-propyl group, an n-butyl group, a tert-butyl group and
so on. Further, as a group represented by the general
formula (2), a group having a methyl group as Ry and hydrogen
a8 Risz, Ris, Rig and Ryy is preferable.

As specific examples of the curing catalysts, there
may be listed: bis (p-toluenesulfonic acid)ecyclohexyl such
as 1,1l-bis(p-toluenesulfonic acid)eyclohexyl,
1,2-bis(p~toluenesulfonic acid)cyclohexyl,
1,3-bis(p-toluenesulfonic acid)cyclohexyl, and
1,4-bis(p-toluenesulfonic acid)cyclohexyl;
tris(p-toluenesulfonic acid)eyeclohexyl such as
1,1,4-tris(p-toluenesulfonic acid)cyclohexyl,
1,2,3-tris{p-toluenesulfonic acid)cyclohexyl,
1,2,4-tris(p-toluenesulfonic acid)cyclochexyl, and
1,3,5-tris(p-toluenesulfonic acid)cyclohexyl;
tetrakis(p-toluenesulfonic acid)cyclohexyl such as

1,1,4,4-tetrakis (p-toluenesulfonic acid)cyclohexyl,
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1,1,2,3,4,5,5-hept a(p-tol uenesul foni c aci d) cycl ohexyl,
1,1,2,3,4,4,5-hepta(p-tol uenesul fonic aci d)cycl ohexyl, and
1,1,2,3,4,5, 6-hepta(p-tol uenesul fonic acid)cycl ohexyl;

oct a( p-t ol uenesul foni ¢ aci d) cycl ohexyl such as
1,1,2,2,4,4,5,5-octa(p-toluenesul fonic acid)cycl ohexyl,
1,1,2,2,3,4,5,6 oct a( p-tol uenesul fonic acid)cycl ohexyl,
1,1,2,3,3,4,5, 6-octa t.ol uene foni c C|d)cyclohexyl and

1,1, 2,3, 4, 2 g o‘%t a‘?( %’rﬁgﬁ”iﬁh%ﬁ‘ﬁé‘% PRy ADHBMGTelohexyl, and
nona( p- t ol meae&uls‘%@r@gm yebolexkk,us .
1,1,2,2,3,4,4,5, 5-nona( p- to%%enesulfonﬁc%%§%3§aﬂlq)$%&§??exyl'

1,1, 2,2, 3, pents, @rora(grd ob Leonsul henkg cyagichesyel ahexy! s and
1,1,2,3,3,4,5,5, 6-nona(p-tol uenesul fonic 12 aci d)cycl ohexyl ;
deca(p-tol behes Pﬁ&ﬁﬂ?%ﬁﬁ&ﬁ tgtrenesyl fondch aas d) cyclohexyl,
1,1,2,2,3, 3, t ol enesul ni g aC|d clohexyl and
1,1, 2,2, 3,2:% é ec}f% RorQ H%’%EFPE%PE’L%&C&) c%by » and
1,1,2,2,3,3,4,4,3, tpoi@éﬂ ngse ' %foyl
1,1,2,2,3,3:4,4 §T6 dogg(a (p-to ueneé&??o%ﬁ?aaé?($: ohexyl
and so on.h &aﬂpetobmenmnmlﬁwmﬁg ac1aub§bnbMQMyﬂtyﬁdﬁﬁasthere may

be listed:_  bis( Eetoluenesulfonlc aci d) cycl ohexyl having a nethyl
group such*ab’ i« Aefhyi-i=2a (R stpleeresntianieniacid) cyclohexyl,

1,1,2,4,4,5-hexa(p-toluenesulfonic acid) cyclohexyl,
1,1,2,3,4,5-hexa(p-toluenesulfonic acid)cyclohexyl,
1,2,3,3,4,5-hexa(p-toluenesulfonic acid)cyclohexyl, and
1,2,3,4,5,6~-hexa (p-toluenesulfonic acid) cyclohexyl;
hepta (p-toluenesulfonice acid)cyclohexyl such as
1,1,2,2,4,4,5-hepta(p-toluenesulfonic acid)cyciohexyl,
1,1,2,3,4,5,5-hepta(p-toluenesulfonic acid) cyclohexyl,
1,1,2,3,4,4,5-hepta(p~toluenesulfonic acid)eyclohexyl,
and 1,1,2,3,4,5,6-hepta(p-toluenesulfonic
acid)cyclohexyl; octa(p-toluenesulfonic acid) cyclohexyl
such as 1,1,2,2,4,4,5,5-octa(p~-toluenesulfonic

acid) cycilchexyl, 1,1,2,2,3,4,5,6-octa({p-toluenesulfonic
acid) cyclohexyl, 1,1,2,3,3,4,5,6-0octa({p-toluenesulfonic
acid)cyclohexyl, and

1,1,2,3,4,4,5,6-octa({p-toluenesul fonic acid) cyclohexyl;
nona (p-toluenesulfonic acid)cyclohexyl such as
1,1,2,2,3,4,4,5,5-nona(p-toluenesul fonic

acid) cyclohexyl,
1,1,2,2,3,4,4,5{6—nona(p-toluenesulfonic
acid)cyclohexyl, and

1,1,2,3,3,4,5,5,6-nona({p-toluenesulfonic

12



acid) cycl ohexyl, 1-methyl-3, 3-bis(p-toluenesulfonic acid)

cycl ohexyl, 1-nethyl-4, 4-bis(p-toluenesulfonic acid)cyclohexyl,
1-met hyl -1, 2-bi s(p-tol uenesul fonic acid) cycl ohexyl,

1- net hyl - 2, 3- bi s(p-tol uenesul fonic acid)cycl ohexyl,

1- met hyl - 3, 4- bi s(p-tol uenesul fonic acid) cyclohexyl,

1- net hyl - 2, 4- bi s(p-tol uenesul fonic acid) cyclohexyl,

1-met hyl -2, 6: Qi s(p-tol uenesu] fonic acid) cyclohexyl,

T ot hyl - 2818 VB LG ee 9B £ aLtoeSULERBAY! Aoid) cyclohexyl
1-met hyl - | g4 ig%pltgl enesulf gni g il % | o | n .

1-met hyl - 2° de) & p- ey e AR o 8%§%| gﬁgé%?gﬂf‘mm
tris(p-tolaehesaltabhexgqi,dareycl ohexyl having a nmethyl group such
as 1-nmethyl-1,4,4-tris(p-toluenesul fonic acid) cycl ohexyl,

1- met hyl - 21 21 621 21 8( B~ tolSudnésdami®- tawl e nesel Hhexyl |
1-nethyl-21,2, 3-tri -t ol.uenesul foni c acid) cycl ohexyl,
1-nethy|-]ﬁ?ﬁé&?yFiéggﬁgﬂdenesulfonic aci d) cycl ohexyl ,

met hyl - 2, tgi - hol,uenesuyl _f.onj i C .13
thyl -3 2 tH 1B rer e AN L) e SUFARE T Hbn st
thyl - Bt &y dye36pekghyenesul foni ¢ aci d) cycl ohexyl ,
thyl-1,2,5-tris(p-tol uenesul fonic acid)cycl ohexyl,

hyl - £:3L £ t2i 8(p- toluSnds @l fofiaiems ) cyel odmeshlfonic

t
thyl -2, 3, 6-tris(p:t | f oni i d) cycl ohexyl, .
i 23S aye LB ghaRES At B¢ BErBRere aoane having =
t
t

hyl - 2t 436 48€ Pr hoLEBRES yhiqn o U oyl oty
hyl -1, 3,5-tris(p-toluenesul fonic acid)cyclohexyl, and
t hyl - Bi4 G-trobfgneshlEnadol berdid goilhicaseyDhexying a methyl

traki s(p-tol uenesul fonic )
group such as l1-methyl-2,2-bis{p-toluenesulfonic

1-
1-ne
1-ne
1-me
1-me
1-ne
1-ne
1-me
1-me
1-ne
tetr
acid)cyclohexyl, 1l-methyl-3,3-bis(p-toluenesulfonic
acid)cyclohexyl, 1-methyl-4,4-bis(p-toluenesulfonic
acid)cyclohexyl, 1-methyl-1,2-bis(p-toluenesulfonic
acid)cyclohexyl, l-methyl-2,3-bis(p-toluenesulfonic
acid)cyclohexyl, 1-methyl-3,4-bis(p-toluenesulfonic
acid)cyclohexyl, 1l-methyl-2,4-bis(p-toluenesulfonic
acid)cyclohexyl, 1-methyl-2,6-bis(p-toluenesulfonic
acid)cyclohexyl, l-methyl-3,5-bis(p-toluenesulfonic
acid)cyclohexyl, l-methyl-1,4-bis(p-toluenesulfonic
acid)cyclohexyl, and l-methyl-2,5-bis(p-toluenesulfonic
acid)cyclohexyl; tris(p-toluenesulfonic acid)cyclohexyl
having a methyl group such as
l-methyl~-1,4,4-tris(p-toluenesulfonic acid)cyclohexvyl,
l-methyl-2,2,5-tris(p-toluenesulfonic acid)cyclohexyl,
l-methyl-1,2,3-tris(p-toluenesulfonic acid)cyclohexyl,
l-methyl-1,2,6-tris(p-toluenesulfonic acid)ceyclohexyl,

l-methyl-2,3,4-tris(p-toluenesulfonic acid)cyclohexyl,

13



aci d) cycl ohexyl having a nethyl group such as

1-nmethyl -2,2,5,5-tetraki s(p-tol uenesul fonic acid)cycl ohexyl,

1-methyl -1, 2,3,4-tetraki s(p-tol uenesul fonic acid)cycl ohexyl,

1-nethyl -1, 2, 3,6-tetraki s(p-toluenesul fonic acid)cycl ohexyl,

1-nmet hyl -2, 3,4, 5-tetraki s(p-toluenesul fonic acid)cycl ohexyl,

1-nmethyl -1, 2,4,5-tetraki s(p-tol uenesul fonic acid)cyclohexyli and

1-methyl -2, 3 6-1 et rakis(p-tol uenesul fonic. acid) cyclohexyl,;

penta(p-téi@gﬁag%#f%hgc é&?&fqugp Su#ﬁﬁ?h@ %?h%iﬂ?Flﬁﬁﬁﬁﬁlsuch

as 1-met hylwels 13, 8. B, 5, ReREAEQHLebLYSREIU 1 U.L; o a&éi’%ﬂ?%@h?ﬁﬁé&&i,

1-methyl -2, 2,4, 6, 6-penta(p-toluenesulfonic acid)cyclohexyl,

1- met hyl - 2,-het by 6~ hent &¢ prtiel(peneduwehesul £ch acid)eyevehexekyl,

1-methyl -1, 2,2, 3, 5-penta(p-tol uenesul fonic acid)cycl ohexyl,

1- net hyl - 2, ety e beht 4¢ prisl{neheduenesic £ owl o )aytd bhesybhexyl,

i -methyl -1, 3 4.4 5-pent -tol,uenesul f oni acj d) cycl ohex

1- et hy| % %%,hi’,ls-%e%t g%%‘%%#ﬁég@&ﬁ%ﬁ“@fomc adfaycyciohexyl,
l-methyl-2,3,5-tris (p-toluenesulfonic acid)ecyclohexyl,

1-methyl-2,4,5-tris(p-toluenesulfonic acid)cyclohexyl,
l-methyl-1,3,5-tris(p~toluenesulfonic acid)eyelohexyl,
and l-methyl-2,4,6-tris(p-toluenesulfonic
acid)cyclohexyl; tetrakis(p-toluenesulfonic
acid)eyclohexyl having a methyl group such as
l-methyl-2,2,5,5~tetrakis (p-toluenesulfonic
acid)cyclohexyl,

l-methyl-1,2,3,4~-tetrakis (p-toluenesul fonic
acid)cyclohexyl,
l-methyl-1,2,3,6~tetrakis(p-toluenesulfonic

acid) cyclohexvyl,
l-methyl-2,3,4,5-tetrakis(p-toluenesulfonic
acid)ecyelohexyl, '

l1-methyl-1,2,4,5-tetrakis (p-toluenesulfonic
acid)cyclohexyl, and
l-methyl-2,3,5,6-tetrakis({p-toluenesul fonic
acid)cyclohexyl;penta(p—toluenesulfonicacid)cyclohexyl
having a methyl group such as
i-methyl-1,3,3,5,5-penta(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-2,2,4,6,6-penta(p-toluenesulfonic
acid)eyclohexyvl, l

l-methyl-2,2,4,4,6-penta (p-toluenesulfonic
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aci d) cycl ohexyl

aci d) cycl ohexyl

1- net hyl - , 4, ent a( p-t ol uenesul foni c

and 1-nethyl - 6- pent a( p-t ol uenesul foni c

) ,2,3,4,6-p

aci d) cycl ohexyl, 1-nethyl-1, 2, 3,5, 6-penta(p-toluenesul fonic
: 2,3,4,5,
; esul fon

aci d) cycl ohexyl ; hexa(p-toluen sul foni ¢ aci d) cycl ohexyl having a
met hyl group such as |-nethyl 2,2,4,4,6, 6-hexa(p-tol uenesul fonic
aci d) cycl ohexyl, 1-nethyl - , 4,5, 5-hexa(p-tol uenesul fonic

aci d) cycl ohexy

aci d) cycl ohexy

2,2 5-
2,3,5,5, 6-hexa(p-tol uenesul foni c
,2,4,5, 6-hexa(p-tol uenesul fonic

1 yél %% |1_

, 2
aci d) cycl mewﬁhylt mebhyl, 31 5 g,p%,n%éo;&aw@é@eé@i%ﬂ%ul fonic

aC|d)cycIohe‘g 1-nethyl -1
cycl ohexyl&C i

aci d) cyci
aci d) cycl
aci d)cycl

6- hexa(p-tol uenesul fonic acid)

h%Yﬂ%PhQXXl3 4, é, a(p t ol uenesul fonic 15
, 6- hexa( p-tol uenesul fonic

5- hex
hex B 1- et hyl - 2, 2,3,4,
gné%%fr ¥1-fe §h9|r4152P§, 5 a P5 bR $el feRésul f oni ¢
%ﬁ%ﬁﬂcy818ﬁég¥h,l 2,2,3, 4, 6-hexa(p-tol uenesul fonic

l-methyl-1,3,4,4,5-penta (p~toluenesulfonic

acid) cyclohexyl,
1-methyl-1,2,3,4,5-penta (p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,3,4,6-penta(p-toluenesulfonic
acid) cyclohexyl,
l-methyl-1,2,3,5,6-penta({p-toluenesulfonic
acid)cyclohexyl, and
l-methyl-2,3,4,5,6-penta (p-toluenesulfonic
acid)cyclohexyl; hexa(p-toluenesulfonic acid)cyclohexyl
having a methyl group such as
l-methyl-2,2,4,4,6,6-hexa (p-toluenesulfonic
acid)eyeclohexyl,
l-methyl-1,2,2,4,5,5-hexa(p-toluenesulfonic
acid)eyclohexyl,
l-methyl-2,2,3,5,5,6-hexa(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,2,4,5,6-hexa{p-toluenesulfonic
acid) cyclohexyl,
l-methyl-1,2,3,3,5,6-hexa(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,3,4,4,6-hexa(p-toluenesulfonic
acid) cyclohexyl,
l-methyl-1,2,3,4,5,5-hexa(p-toluenesul fonic
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acid) cycl ohexyl, 1-methyl-2,3,4,4,5, 6-hexa(p-toluenesulfonic

aci d) cycl ohexyl, and 1-nethyl-1, 2,3, 4,5, 6-hexa(p-tol uenesul fonic
aci d) cycl ohexyl; hepta(p-toluenesul fonic acid) cyclohexyl having a
nmet hyl group such as 1-nethyl-2,2,3,3,5,6,6-hepta(p-tol uenesul fonic

aci d) cycl ohexyl, 1-nethyl-1,2,2,4,4,5,5-hepta(p-toluenesul fonic

aci d) cycl ohexyl, 1-nethyl-2, 2,3,3,5,5 6- hept a( p-t ol uenesul foni c

aci d)cyclo 2,2,4,4,5, 6-hepta(p-tol uenesul fonic
acid)cyclo g§§§cyflggfﬁ§ﬂ”l,2,3 3,5,5, 6-hepta(p-toluenesul fonic

aci d) cycl ohexytnyl-aebhY 42,2, & Hoba gpﬁc&f»aéﬁél nbgbugresul foni

aci d) cycl ohexyl , 1 nethyl 1,2,3,3,4, hept a( p-t ol uenesul foni c
aC|d)cycloh@x@lcyclnhEhwﬂ-l,2,2,3,5,5,6 hept a( p-t ol uenesul f oni c
aC|d)cycIoheXé 1- nethé ,2,2,3,4,5,5-hept a(p-tol uenesul fonic 16
aci d) cycl bMBXVRYL-1,Rethy. 4 o exm & st alhepearpiosigenesul f oni ¢

1

aci d) Cyc'Q@f&YEyeioH@&@%" ,2,2,3,4,5,6 hept a( p-t ol uenesul foni c

l-methyl-1,2,2,3,4,6-hexa(p-toluenesulfonic
acid)cyclohexyl,
l-methyl~-2,3,4,4,5,6-hexa(p-toluenesulfonic
acid)cyclohexyl, and
l-methyl-1,2,3,4,5,6-hexa(p-toluenesulfonic
acid)cyclohexyl; hepta(p-toluenesulfonic acid)cyclohexyl
having a methyl group such as
l-methyl-2,2,3,3,5,6,6-hepta(p~toluenesulfonic
acid) cyclohexyl,
l-methyl-1,2,2,4,4,5,5-hepta(p-toluenesulfonic
acid)ecyclochexyl,
1-methyl-2,2,3,3,5,5,6-hepta(p-toluenesulfonic
acid)ecyclchexyl,
l-methyl-1,2,2,4,4,5,6-hepta(p-toluenesulfonic
acid) cyclohexyl,
l-methyl-1,2,3,3,5,5,6-hepta(p-toluenesul fonic
acid)eyclohexyl,
l-methyl-2,2,3,4,5,6,6-hepta(p-toluenesulfonic
acid) cyelohexyl,
l-methyl-1,2,3,3,4,6,6-hepta(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,2,3,5,5,6-hepta{p-toluenesulfonic
acid)cyclohexyl,
i1-methyl-1,2,2,3,4,5,5-hepta(p~-toluenesulfonic
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acid) cyclohexyl, 1-methyl-1,2,3,3,4,5, 6-hepta(p-toluenesulfonic
acid) cyclohexyl, and i-nethyl-1,2,3,4,4,5, 6-hepta(p-tol uenesul fonic
aci d) cycl ohexyl; octa(p-toluenesulfonic acid) cyclohexyl having a
nmet hyl group such as 1l-nethyl-2,2,3,3,5,5,6,6-octa(p-toluenesul fonic
acid) cyclohexyl, 1-methyl-1,2,2,3,3,4,5,6-octa(p-toluenesul fonic
acid) cyclohexyl, 1-methyl-1,2,3,3,4,4,5, 6-octa(p-toluenesul fonic
acid) cycl | .. J--nethyl -1,2,2,3,4,5, 6, 6-octa(p-tol uenesul fonic

aci d) cycl%EgééF?éﬁéﬁéﬁggtl,2,2,3,4,4,5,6-octa(p-toluenesulfonic
aci d) cycl ohgxyhyiloret Wle 1s 25 353, 4,0 Oz Lol dgnesul fonic
aci d) cycl ohexyl, and 1- nmet hyl -1, 2, ,3?3?5,§?E?§%Fa p-to‘%enesulfonic
aci d) cycl ahéRykyciaia(y1,ol uenesul fonic aci d) cycl ohexyl having a

met hyl group such_as
1- net hyl - 112M8t8¥3 5.2 .8 6 rforf p-hrep b fe stb i vanesuddiatlicycl ohexyl ,

i -met hyl -2, 2. 5..6,,6- nona( p-tol uenesul fonic acid) cyclohexyl,
17 1-nethy?$ﬁ§5g§é%?§% ,&/6,6-nona(p-toluenesulfonic

aci d)cycl ohexy¥thyl-1,2,3,3,4,5, 6-hepta (p-toluenesul fonic
acid)ecyelohexyl, and
1~methyl—1,2,3,4,4,5,6—hepta(p-toluenesulfonic
acid)cyclohexyl; octa(p-toluenesulfonic acid)eycelohexyl
having a methyl group such as
l-methyl-2,2,3,3,5,5,6,6-octa(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,2,3,3,4,5,6-octa(p-toluenesulfonic
acid) cyclohexyl,
l-methyl-1,2,3,2,4,4,5,6-octa(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,2,3,4,5,6,6-0octa(p-toluenesulfonic
acid) cyclohexyl,
1—methy1—l,2,2,3,4,4,5,6-octa(p-toluenesulfonic
acid) cyclohexyl,
1—methyl—1,2,3,3,4,5,5,6—octa(p-toluenesulfonic
acid)cyclohexyl, and
l-methyl-1,2,2,3,4,5,5,6-ccta(p-toluenesulfonic
acid)cyclohexyl; nona(p-toluenesulfonic acid) cyclohexyl
having a methyl group such as
1—methyl—1,2,2,3,3,5,5,6,6—nona(p—toluenesulfonic
acid)cyclohexyl,
1-methyl-2,2,3,3,4,5,5,6,6-nona(p-toluenesulfonic

acid)cyclohexyl,
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1-nethyl-1,2,2,3,4,4,5,5, 6-nona(p-tol uenesul fonic acid)cycl ohexyl,
1-nmethyl-1,2,2,3,3,4,5,5, 6-nona(p-tol uenesul fonic acid)cycl ohexyl,
and 1-nethyl-1,2,2,3,4,4,5,6, 6-nona(p-tol uenesul fonic

aci d) cycl ohexyl ; deca(p-tol uenesul fonic acid)cyclohexyl having a

met hyl group such as

l1-nmethyl-2,2,3,3,4,4,5,5, 6, 6-deca(p-tol uenesul fonic acid)cycl ohexyl,

:Q?dgcggfo ny?§y§ %’%’%’% % % 6 decagﬂat0|ueggfgéggghgfonic

1-met hyl - lai &) y318néx31°. 6, 6- undeca(p t ol uenesul foni c

aci d) cycl ohexyl ;~ 1- hydr oxy-1, 2- bi s(p-t ol uenesul f oni ¢

aci d) cycl chensthiy1-hydr axg- 3”3 18, S, Ftrnenestib I 98h€sul Fonice
aci d) cycl ohexyl ; 1-hydroxy-3, 4-bi s(p-tol uenesul fonic

aci d) cycl XCquﬁ B&Gry- | , 3- bi s(p-tol uenesul fonic

oo el M 1 2, 4 S e B e o
aC|d)cyclgﬂgmyﬂayélguggggy 2nf- bIS(p toluenesulfonlc
aci d) cycl ohexyl ;" 1- hydroxy- 1, 4- bi s(p-tol uenesul fonic

aC|d)cycIdmmqﬁhyﬂrhymraxy 2, 8- Bi, 5(, p-nnenesth fodh €511 fFonic
acid)cyclohex& 1- hydroxy-2,4,5-tris(p-toluenesul fonic

aci d) cycl IGYq}%h%¥ﬁ§dr6§9a294t@hﬂﬁ&ﬁ%ﬁlﬁﬂn@me@@iﬂbn&clohexyl
acid)cycl i hydr ox 6-tris(p-toluenesul fonic
aci d) CyCI ¥1Ig a[ég’étshyi J¥oup guch as

1- methyl 2,2,3,3,4,4,5,5,6,6-deca(p-toluenesulfonic
acid) cyclohexyl, and
1-methyl-1,2,2,3,3,4,5,5,6,6-deca(p~toluenesulfonic
acid) eyclochexyl;
l-methyl-1,2,2,3,3,4,4,5,5,6,6-undeca(p~-toluenesul fonic
acid) cyclohexyl; l-hydroxy-1,2-bis(p-toluenesulfonic
acid) cyclohexyl; l1-hydroxy-2,3-bis(p-toluenesulfonic
acid)cyclohexyl; l-hydroxy-3,4-bis(p-toluenesulfonic
acid)cyclohexyl; 1l-hydroxy-1,3-bis(p-toluenesulfonic
acid) cyclohexyl; 1-hydroxy-2,4-bis(p-toluenesulfonic
acid) cyclohexyl; l-hydroxy-3,5-bis(p-toluenesulfonic
acid) cyclohexyl; l-hydroxy-2,6-bis (p-toluenesulfonic
acid) cyclohexyl; 1-hydroxy-1,4-bis(p-toluenesulfonic
acid) cyclohexyl; 1-hydroxy-2,5-bis{p-toluenesulfonic
acid)cyclohexyl; l-hydroxy-2,4,5-tris(p-toluenesulfonic
acid) cyclohexyl;
1,3-dihydroxy-2,4,6-tris{p-toluenesulfonic

acid) cyclohexyl;
1,3,5-trihydroxy-2,4,6-tris(p-toluenesulfonic

acid) cyclohexyl;
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1, 4-di hydroxy-2, 3,5, 6-tetraki s(p-tol uenesul fonic acid)cycl ohexyl;

1- hydr oxy- 4- net hyl - 3, 5- bi s(p-tol uenesul fonic acid)cycl ohexyl;

1- hydroxy-4-nethyl -2, 3,5, 6-tetraki s(p-tol uenesul fonic

aci d) cycl ohexyl, 1, 4-di hydroxy-2, 5-di et hyl -3, 6-bi s(p-tol uenesul fonic
acid) cycl ohexyl and so on. Anong them bi s(p-tol uenesul fonic

aci d) cycl ohexyl and tris(p-toluenesul fonic acid)cycl ohexyl are
preferable. , Anong.them _1,2-bis(p-toluenesulfonic acid)cyclohexyl,
1,3-bis(pﬁﬂﬁlé#kgﬁf?ﬁxre'écﬁdfﬁ§aqﬁﬁ§&ﬁ{P‘QPhH%F§EH1ﬁ@P&§nesuIfonic
acid)cyclQﬂﬁmyycf@gohgx§1§-tris(p-toluenesulfonic aci d) cycl ohexyl are
nost preferable. Furthéer, instead of a group conprising

p-t ol uenesfyohr cxped emet hele 3By bie (Paitd GHPOsNTS,RYE  having a
group conprising: 1-naphthal enesul fonic acid, 2-naphthal enesulfonic
aci d, p-xWeib-Xalphekveiacid, 2,4, 6-trimethyl benzenesul fonic acid,

2,4,6-trii,SQpr | benzenesul f ., oni¢ acid, 2-nmesityl enesul fonic acid,
4-tert- butlylcf-%ecﬁlgc}/e 3 T?%ﬁﬁxﬁ "ﬁc?d,% B eSS Aseiehetuerenrtfagi g,

4-ethoxybgmggngg@jéggfyggid, p- phenol sul foni ¢ aci d,

2- chl orobenzenesul foni ¢ aci d, 3-chl orobenzenesul fonic acid,

4- chl or obénzemEdutdomie- ack ddimdt Ryl rabenzanesil ODhEndsh Ofon i c
3-nitrobenzenesul fonic acid, 4-nitrobenzenesul fonic acid,

2-ni t r osoBEAFRFYSHFHRIH L and so on. Among them,

bis(p-toluenesulfonic acid)cyclohexyl and
tris{p-toluenesulfonic acid) cyclohexyl are preferable.
Among them, 1,2~bis(p—tolueneéulfonic acid) cyclchexyl,
1,3-bis(p-toluenesulfonic acid)cyclohexyl,
1,4-bis(p-toluenesulfonic acid)cyclohexyl and
1,3,5~-tris(p-toluenesulfonic acid) cyclohexyl are most
preferabie.

Further, instead of a group comprising
p-toluenesulfonic acid, there may be said compounds but
having a group comprising: l-naphthalenesulfonic acid,
2-naphthalenesulfonic acid, p-xylene-2-sulfonic acid,
2,4,6~trimethylbenzenesulfonic acid,
2,4,6-triigopropylbenzenesulfonic acid,
2-mesitylenesulfonic acid, 4-tert-butylbenzenesulfonic
acid, 4-methoxybenzenesulfonic acid,
4-ethoxybenzenesulfonic acid, §~phenolsulfonic acid,
2-chlorobenzenesulfonic acid, 3-chlorobenzenesulfonic
acid, 4-chlorocbenzenesul fonic acid,
2-nitrobenzenesulfonicacid,3~nitrobenzenesulfonicacid,
4-nitrobenzenesulfonic acid, 2-nitrosobenzenesulfonic

acld, 3-nitrosobenzenesulfonic acid,
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acid, 3-nitrosobenzenesul fonic acid, 19 4-nitrosobenzenesulfonic
acid, 2-sul fobenzenesul fonic acid, 3-sulfobenzenesulfonicacid,
4-sul f obenzenesul fonic acid, 2-carboxybenzenesul fonic acid,

3- car boxybenzenesul fonic acid, 4-carboxybenzenesul fonic acid,
2- cyanobenzenesul foni ¢ aci d, 3- cyanobenzenesul f oni c _

aci d, 4- cyanobenzenesul foni ¢ aci d, 2- am nobenzenesul foni c

2" amiron CHorSEnE S PERF B REP AL o o AR o LATSUNaRF R BAReSReFahc

S
2- ammoni cbenzenesu?

4- anmon! oBRNZENGS UhNebien Al dhu Pedd 1 MELEY, AMDN POERZZNRSNLY 20k ¢

acid, 3-trinethyl anmoni obenzenesul fonic aéid,

4-tri met hylcimhon ebenzergbahbeneeud@iohic 2rdiar nyl benzenesul f onic
acid, 3-farnyl benzenesul fonic acid, 4-formnyl benzenesul fonic acid or

the like. A ?*ﬁ%ﬁn§gn%ﬁu&ﬁpﬁﬁﬁaﬁbmﬁa(ﬂ1pgﬁh?xy?@np?hfﬁng§oniq
-t ol uenesyl;fpnic_aci a._group conprising one of the followings is
BarticuIa?#%‘%r%fS?%ﬁggsnz%Pﬁ fﬁgﬁéhﬁgﬁaf @ aReREnZzenesul fonic
2- napht hakenesut L gphEo860L¢ T - 25541 fon 6 1 .
2,4,g-trinethylsul?oﬁ?c acfgfg 2,4, ?%%F?gopr§%§V§%+$%%?%e38|E?ch

2-mesi tyl erdsul 3 eantnohendenésudirodivl ybbenzengsul St £eR6561 fonic
4- met hoxybenzenesul f oni ¢ aci d, 4-ethoxybenzqnesu!fon|c aC|q,
4- hadr oxyBEAZends AT HH okenteppsybdionicAsctlde filler used in the

e T ST T R AU N

there mayabgd, 2-trimethylammoniobenzenesulfonic acid,
3—trimethylammoniobenzenesulfonic acid,
4-trimethylammoniobenzenesulfonic acid,
2-formylbenzenesulfonic acid, 3-formylbenzenesulfonic
acid, 4-formylbenzenesulfonic acid or the like.

Among them, as an alternative to a group comprising
p-~toluenesulfonic acid, a group comprising one of the
followings is particularly preferable:
l-naphthalenesulfonic acid, 2-naphthalenesulfonic acid,
p-xylene-2-sulfonic acid, 2,4,6~trimethylsulfonic acid,
2,4,G-triisopropylsulfonic acid, 2-mesitylenesulfonic
acid, 4-tert-butylbenzenesulfonic acid,
4-methoxybenzenesulfonic acid, 4-ethoxybenzenesulfonic
acid, 4-hydroxybenzenesulfonic acid or so on.

As the filler used in the present invention, a filler
such as an organic filler and an inorganic filler may be
used. As the organic filler, for example, there may be
listaiwoodpowder,plywoodpowder,powdarofcuredproduct
of thermosetting resin, shredded pieces of ¢loth and so on.

One or more of them may be used. As the inorganic filler,
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| i sted wood powder, plywod powder, powder of cured product of

t hernosetting resin, shredded pieces of cloth and so on. One or nore
of them may be used. As the inorganic filler, 20 for exanple, there
maybe |istedpowdery filler such as glass beads, glass powder,

cal cium carbonate, talc, silica, alum num hydroxide, clay and m ca,

fibrous filler such as glass fiber and carbon fiber, and so on. One

or nore of._ _them used. However, .the filler _used in_ the present
“hvent | on Z08 SERRPE b (RERS TEUE Y ETBEEIETY i 1e PHEPRRELRFAG
resin COWB%_%'ds',On?PésEh%mR{ enkgh BYGRL! b%é@efe%%ﬁ%, t9;190,
parts by weight o t he "novol ac-type phenolic resin, the m ninum
conmpoundi agurdmunhyefr dzhieiepoldiacetaald mesian F$bpoefseraherl@uparss by

wei ght and_the maxi mum conpoundi ng anmount is preferably 30 parts by
wei ght . WHeAsehd& idspaurtlidrrkemubibet, tied pol gacet@her esi mors ¢Ess
than the mininum anmount, .a ufficient cuyri rate not be

obt ai ned. glnr_“?ﬁgbe c‘fﬁr%%pn %F%%uﬁihee%rdég%sr t“"ﬁé"ﬂgﬁ ﬁ%ﬁ] BhoSREt a
gas yi el di nduhitnGrCuUrd Nhi NC{RASES §8 83choedSlglidy ate the
appearance of a cured product. As tor the curing catalyst
represented by tAwe fyeneriad thermukatéihg wekhn espasdsi©idRA0cpathe by

wei ght of the novol ac-type phenolic resin (a) , the mninum
conpoundi RS SERBUARVES LH108Y e WAy r@spesdr £ BY OweRghis Rydvwehehfiaxf num

COMpOUNG! PR UBYA o2 HES SN 20 ULS, BBl it

amunt, aagghhtCb@NtheUbbN$alRit® IMe I € preferably 10 parts by
weight and the maximum compounding amount is preferably 30
parts by weight. When the compounding amount of the
polyacetal regin is less than the minimum amount, a
sufficient curing rate may not be obtained. When the
compounding amount exceeds the maximum amount, a gas yield
during ;uring increases so as to deteriorate the appearance
of a cured product.

' As for the curing catalyst represented by the general
formula (1), with respect to 100 parts by weight of the
novelac-type phenolic resin (a), the minimum compounding
amount is preferably 0.5 parts by weight and the maximum
compounding amount is preferably 20 parts by weight. When
the compounding amount of the curing catalyst is less than
the minimum amount, a sufficient curing rate may not be
cbtained. When the compounding amount exceeds the maximum
amount, wmateriales of containers or molds to be used in
thermosetting may be limited from the viewpoint of
corrosion.

As the compounding amount of the £iller, with respect
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obt ai ned. Wen the conpoundi ng anobunt exceeds the maxi num anount,
materials of containers or nolds to be used in thernosetting my be
limted fromthe viewpoint of corrosion. As the conpoundi ng anount
of the filler, with respect 21 to 100 parts of the novol ac-type
phenolic resin, the polyacetal resin and the curing catalyst
represented by the general fornmula (1), the m ninum anmount is
preferably 30_ parts by weight and the maxi num anmount is preferably

400 par t stBy TR gﬁ?.rtﬁhéﬁ? t HEec&ﬁ}&ﬂrﬁﬁh@YBﬁowq%_m%s“éeﬁﬁ&m fthre
i Ut TG it ERRLL BT ) S L LD U,

cured pro ernose g T esi 0si

i nsuf fi ci epdnehEnsbbrugenmayndiie maMBuin SXEREAS ithe ERd Ay 30
anount, flowability during nolding nay decrease so as to cause

def ecti ve #a¥ts gy dveight aptidihg. mAzifiom tmeuniteinn petefiarhliinsiqno
conposition of the present _invention, resins such as a phenolic
resin corftist nt ¥hGPhEfe: RARPPHR ARG BTARBALI bRckrss than

conmponent : 1 i on be .used as
ecded. i iR ARG BRI Pa L BR 3N 8P TR A el
addi tives wioiqontisol af dwwadi birlogid o%ol &k f itGati oFopegt ey such
as a curing agent and a curing catalyst each conprising conponents

ot her thafauresdbboe. meayi deed rconponeiest . a Thexkhbe aptpemnaincand
further various kinds of additives used in thernpsettin resins and

f
t her moset AR e sPECEGMS0sTETR oRE*ITUN aBMQUEE) arfetowability during

molding may decrease so as to cause defective filling during
molding.

As for the thermosetting resin composition of the
present invention, resins such as a phenolic resin
comprising components other than the above-mentioned
components, an epoxy resin, a cyanate resin and so on may
be used as needed. Within a scope which does not affect
the present invention, addit_:ives to control flowability and
solidificationpreoperties suchas a curing agent and a curing
catalyst each comprising components other than the
above-mentioned components, a thickner and so on, and
further various kinds of additives used in thermosetting
resins and thermosetting resin compositions suchas asilane
coupling agent, a coleorant, a flame retardant, a release
agent and sc on may be used,.

As for the thermosetting resin composition of the
present invention, there is no particular limitation to the
method of incorporating the novolac-type phenolic resin,
the polyacetal resin and the curing catalyst represented

by the general formula (1) . For increasingthe curing rate,

22



coupling agent, a colorant, a flame retardant, a release agent and
so on may be used. As for the thernosetting resin conposition of the
present invention, there is no particular limtation to the nethod
of incorporating the novol ac-type phenolic resin, the polyacetal
resin and the curing catal yst represented by the general fornmula (1)
For increasing the curing rate, 22 however, it is preferable to
prelimluuﬂé#énel ovol ac-type, phenolic resin and the

and _m h
pol yacet al resY%rE olatgésn%’%e egﬁpiﬁr?ﬁ Sgrie et or B a2 aAdHF Hagg
the curi Ntho ¥Rl dey eyt apiasent ey @%%g@%gié%ggagm bdbi ST g

The novol ac-type phenolic resin and the resin —nmaybe

mel t edandninxeali nnafoeactdtenessetont bhaihgMpeIRiM Lindhtal karhihgher
than the nelting points of the resins while stirring. They al so may
be nel t ed SRR Hifsded T eeentedf by at kmegereralclioamud apri@dstherein.

kneader, anroll . a cokneader a twin screw extruder or the like. The
t her noset ti g T 8S 1 Conposi R SRObECt heS pRedBAt tRenheAYPERtEINTBE IR
obt ai ned ¥y %ﬁ@k@&&&ﬁﬁﬁe@&@%@%&tq%ﬁivéggeﬁg\é%fgigxggrgggggl 'c
resin, the polyacetal resin an the curing catalyst rtéepresented by

t he gener alhifadr el ai¢hdr tHen e el ogeldhab iwtkhod Hhd hsids §a0Ee
cases or various kinds of additives if required by neans of a
convent i oF&PEF iRhowT Yk &l shdnashére Kiebiledbyndanixefi hykmeader ofs

bt ai n the PREFBBERLIRaET e by TRPUS A hé s BnFOKRRRGRET on.
a twin screw extruder or the like.

The thermosetting resin composition of the present
i—nvention can be obtained for example in such a manner that
the novelac-type phenolic resin, the polvacetal resin and
the curing catalyst represented by the general formula (1)
are mixed together with a filler in some cases or various
kinds of additives if reqguired by means of a conventionally
knownmixerand thenkneadedbymeans of a kneader asmentioned
above, followed by cooling and then pulverizing so as to
obtain the thermosetting resin composition of the éresent
invention.

The mechanism that extremely increases the curing
rate of the thermosetting resin composition of the present
invention is unclear. However, the reason seems to be that
the rate at which the polyacetal resin is decomposed to
produce formaldehyde by the catalytic action of the curing
catalyst represented by the general formula (1), which
functionsas adecompositionaccelerator of polyvacetal resin,
is remarkably faster than the rate at which

hexamethylenetetramine, which is normally used as a curing
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The nechanismthat extrenely increases the curing rate of the

t hernosetting resin conposition of the present invention is unclear.
However, the reason seens to be that the rate at which the

pol yacetal resin is deconposed to produce formal dehyde by the

catal ytic action of the curing catalyst represented by the general
formula (1), which functions as a deconpositionaccel erat or of

pol yacet al__ r.esi r kabl aster than_the rate at

agent "9 ’noiv%lra%rr%y e %hf regin, 1s _decom \cla\/gieahto
hexanethﬁfenete ram ne, mhléh i _%%?nﬁFly used as a curlﬁg 3 "agent
of novokaGdvdRe RIeNRAlddh @S] NS les onRossd H10 RO @eaction
formal dehyde. Further, as for the curing reaction of the produced

f or mal defiydkewndduded fovoladcdhypde pid¢hot e novediart - tihee phenedic
catal yst represented by the general formula (1) also seens to have
the cat A9 abPPorfU AT sCEbRAFRL orRITSSRMOMA tiatthe parpsEétal

resin if%r%lgﬁ?ag ff) .aaf%)c\)mlsg%t_ngyg% RAGHOl G, rceasi.jé.’]l%ggét gxample.

addi ng pheén C tesinto polyacetal resin as an o ron” “inhibitor

(e.g. Japaneser£xadi aewk &at eohaARR! kaalkioBhaPUBbl bealhertha. »8B9n
49- 42662), a biaxially oriented film wth inproved stability in
bi axi al ier iegluteat itwn ac omprals gt vpel yherbalicr essinandFoevekanpiiygpe
phenolic resin (e.g. . Japanese Patent Application |aid-open (JP-A)

:c\l?). Hei 2995198 l%ilrii(f & SHthé® Pgla&%warﬁwpﬁ a3t pgrdation
anme- r g1a4ant,,po %al%c.t ah?ggﬁ'e%e y(gggigﬁ%ggf aAbgggﬁzo gﬁ;&gggg ype

phenol i ¢ rési'n 1h apolfyacetalresin are
di scl oseabiAlel: ich $id.esgbh kopuowed) phepohkeanasi briehndiady £empound

cont ai ni ng a novol ac-type

with improved stability in biaxial orientation comprising
polyvacetal resin and novolac-type phenolic resin (e.g.
Japanese Patent Application laid-open (JP-A)} No. Hel.
5-98039) and a method to obtain a thermoplastic
flame-retardant polyacetal resin by incorporating a
noveolac-type phenclicresininapolyacetal resin (e.g. JP-A
No. 2002-212385) are disclosed. Also‘, a strength improved
phenolic resin molding compound containing a novolac-type
phenolic resin, a polyacetal resin and a reinforecing
material is discloged (e.g. JP-ANo. 2002-275344) . However,
they all improve the function of a thermosetting resin by
incorporating a polyacetal resin in a novolac-type phenolic
regin without making the polyacetal resin decomposed and
are completely different from the thermosetting resin
composition as mentioned in the present invention, which
is cured by allowing formaldehyde produced by discomposing
a polvacetal resin to react with a novolac-type phenolic
resin.

On the otherhand, amethodof producinganovolac-type
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phenolic resin, a polyacetal resin and a reinforcing material is

di scl osed (e.g. JP-ANo.2002-275344). However, they all inprove the
function of a thernosetting resin by incorporating a pol yacetal
resin in a novol ac-type phenolic resin without naking the polyacetal
resin deconposed and are conpletely different fromthe thernosetting
resin conposition as nentioned in the present invention, which is
cured by au{ f.or mal roduced by di sconposing a pol yacetal

i 31 e Lol £ -
resin to reactow th 3 HOVs] -Pg’ﬁ&ngEﬁBP' ¢C PespPHerente eeahadth
hand, a mgf hedi ok rkRJUC]OY; VO 4 phenal i,c resin

al | owi ng phe%ol ?ccrmnorre%slg%% rq%acéfgmc%%)égg pgﬁ 'yg‘cei}gl B PR 5%%'

di scl osed Y& (R0 A N80 - Sh®1325824805351 -2000227313R01@RAr, the
2001- 122937).. However, they all use a polyacetal resin as a materi al
for produ@ildg e owrstlatacsipel preabhias resnatandadr Eocoppbdieling a

di fferent nJer%rQé_%re ent jenventi on which obtains a thernosetting
resin conposition § PP ekE renety $adidursometatelyydifspngna
pol yacet alf oS ith A %@ dHd NGRS 0.9 13 RV, +Lyp enaglic. resin.
The t hernosetting ?Jesi n cﬂorrgloa t oOnIQO‘?ﬁltﬂg pr%%é%% gi%@%ﬁ??%ﬁ%ﬁéggan

extrenel yrkain compog irtatcn &rerisy S eabhemdiSetafdd @il Sate by
applications such as nol di ng conpounds, |am nated sheets,” adhesi ves

and so on"S¥RE @ Mt tahgesdsi ascorpoding agent ¢he preskat-type
i nvention one a cured product by heating at 50 C or nore,
pr ef er abl Bﬁggc’@g%t 6 200° C.

The thermosetting resin composition of the present
invention has an extremely fast curing rate and is suitably
used for various applications such as molding compounds,
laminated sheets, adhesives and so on.

The thermosetting resin composition of the present
invention can ‘become a cured product by heating at 50 °C

oxr more, preferably at 80 to 200 °cC.

Examples

Though the present invention will be hereinafter
explained in detail by way of examples, the scope of the
present invention is not restricted by these examples.
Further, “part(s)” and “%” mentioned in the following
examples and comparative examples denote “parts by weight”
and “% by weight” respectively.

(Synthesis example 1)

A mixture of 100 parts of phenol, 58 parts of 37 %

formalin and 1 part of oxalic acid was reacted at 100 °C

for three hours. A reactant mixture thus obtained was
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Exanpl es Though the present invention will be hereinafter explained
In detail by way of exanples, the scope of the present invention is
not restricted by these exanples. Further, "part(s)" and "%
mentioned in the followi ng exanples and conparative exanpl es denote
"parts by weight" and "% by weight" respectively. (Synthesis exanple
1) A mxture of 100 parts of phenol, 58 parts of 37 % formalin and 1
part of oxalic¢ acid was reacted at 100 C for three hours. A reactant
m xture t HIRPHBERITRAPERrabEos iy @kst i blashparmdonnpymailgrdssatieon
under nor r e temperature of 140 C. Further, the
react ant ﬁ?i?%f%ééﬁggrg%%?gf?gﬁgﬁbi til %ﬁ?QﬁFiﬁééﬁr?%ﬂEEEHﬂ&%&%ﬁﬁe,
to be a twiPesdhiker of o 280s €1 Ml r 0 | e
to 0.9 kPa, foIIGﬁid by renn%?%ghhﬁfgag?g%&L gﬁ%ﬁ#ﬁ%ﬁ%§£ﬂﬁﬁﬁgﬁﬁfzgagz
parts of @ hewpkastuypeopRanoc vhddel gleddisel 1vesidudiar bhe preefshiari ng
point of 81 C and an electrical conductivity of aqueous extract of
280 }1S/ cri® (BSyht/HeRi stekafPre By Aemsking Srrasotpdr phesiphdahals,

a0 o T U A G BRI O PR BEL pite R
parts of diesdiid e Maf & sdft@erind WeiNaS Mged andd eht o 160k AWa
hours. From a reactant m xture thus obtained, supernatant water was
renoved. Feadusdchaiity bRt ageenas etdtemctubj®ciad opdéhydr ati on by
distillation unde{slf[}?trhrrgéis example 2)
A mixture of 100 parts of phenol, 63 parts of 37 %
formalin and 0.5 part of oxalic acid was reacted at 100 °C
for three hours. After adding 10 parts of methanol and 20
parts of distilled water, the mixture was mixed and lef:t
for two hours. From a reactant mixture thus obtained,
supernatant water was removed. The reactant mixture was
then subject to dehydration by distillation under normal
pressure to be a temperature of 140 °C. Further, the
reactant mixture was subject to distillation under reduced
pressure to be a temperature of 230 °C while gradually
reducing the pressure to 0.9 kPa, followed by removing
unreacted phenol, thus obtaining 90 parts of a novolac-type
phenol-formaldehyde resin having a softening point of 80 °C
andanelectrical conductivityof aqueous extract of 8 ps/cm.
(Production example 1)
. 100 parts of the novolac-type phenol-formaldehyde
resin obtained in Synthesis example 2 and 20 parts of a
copolymer-type polyacetal resin {product name:

Tenac-C4520; manufacturedby: Asahi Kasei Corporation) were

meltedand mixed at 180 °C for 30 minutes, followedbyplacing
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pressure to be a tenperature of 140 C. Further, the reactant m xture
was subject to distillation under reduced pressure to be a
tenperature of 230 C while gradually reducing the pressure to 0.9
kPa, followed by renmoving unreacted phenol, thus obtaining 90 parts
of a novol ac-type phenol -fornal dehyde resin having a softening point
of 80 C and an electrical conductivity of aqueous extract of 8
}1S/cm  (Production exanple 1) 100 parts of the novol ac-type

phenol - f or FR AR E1egs rAG bt Ay b i Gl Bynwdiesi s ténanpbeai ndng 208

parts of a ol r-type polyacetal resin (product nane:
Tenac-04528;a%%%’nu ac ﬁ“rc}/e %Ig: Ahik8sei Cor por ati on) wer e

nmel t edandm xed at (@&Q)@gﬁoﬁoe?&gbligsg)fol | oned by placing 26 on a
cold tray and being rapidly cooled, thus obtaining 118 parts of a

nmol ten mxture. (Froductiomexambetdh hiftpakt w0 HIPIASH M xinge
was obtained in the sane manner as in the Preparation exanple 1
except thaf2PREA2HBTHIHRT 1ty poe phresipt x4 ol anl sedmyplbe resrept ahaed-ia

Synt hesi s _2.was altere o the. povol ac-type . _
phenol - f orﬁéﬁ%%&dém&i rp%%?%fﬁéar’i“ﬁfgﬁ HEsi SFe5HRpl @bfained in
(Producti ogygxnenpke 33 1Rarg s ofs t lagaty _

phenol -for%dehyde r}é%‘?lg obt ai r‘?%c? i %%9%%2?8 e%g?rplné)vflaan% Sgpe
parts of aphénobpbbymeldehydepokyanehed 110681 PLOduels AR PELM N 5

00 NCO1G, manufactured by DuPont) were nelted and m xed at 190 C
for 30 minutes, féFFefEEtEP™Iss@mRLe@ma cold tray and being

100 parts of the novolac-type phenol-formaldehyde
resin obtained in Synthesis example 2 and 20 parts of =z
homopolymerutypepolyacetalresin(productname:belrinsoo
NCO10; manufactured by DuPont) weremeltedandmixedat 190 °C
for 30 minutes, followed by placing on a cold tray and being
rapidlycodled,thusobtaining118partsofanmﬂtenmixture.

{(Examples 1 to 14)

Materials compounded in the ratioc shown in Table 1
were each pounded and mixed in a mortar at a room temperature
of 25 °C for three minutes to obtain thermosetting resin
compositions.. Using the thermosetting resin compositions
thus.obtained, evaluation of gel time, which is an indicator
of the curing rate, was carried out. Gel time is:measured
the time required for 1 g of a sample placed on a hot plate
at 110 °C or 170 °C and continually stirred with a spatula
to be non-stringy even when lifting the spatula from the
sample. As the time required gets shorter, the curing rate
gets faster,

[Table 1]
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rapidly cool ed, thus obtaining 118 parts of a nolten m xture .
(Exanmples 1 to 14) Materials conpounded in the ratio shown in Table 1
were each pounded and mxed in a nortar at a roomtenperature of 25
C for three mnutes to obtain thernosetting resin conpositions..
Using the thernosetting resin conmpositions thus obtained, evaluation
of gel time, which is an indicator of the curing rate, was carried

out. Cel t4 IS Measuneq | Tyt me Tequi T florTt—g ofsasanpl e
pl aced on i t plateg&lal (110 Clor |170 O aﬁg gontli nu& §g§tirred W th
a spatula 2 be |non-|stir{ ngy |leven whep || ftlind the spafal a fromthe
sanpl e. Asy cg'tine r&qu ried jgetjs shortef, [thd cuyring f e| gets.
faster. [ I’g 1) 27 | -+ N Q@ p}i njcQ c/ NN|OO3 5=~ p ~p NO
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(Conparative Exanples 1 to 3) Materials conpounded in the ratio shown
in Table 2 were each pounded and mixed in a nortar at a room _
tenperature of 25 C for three mnutes to obtain thernosetting resin
conposi tions. Using the thernosetting resin conpositions thus

obt ai ned, eval uatCompafagdtvet iTmmmpiaschy i soam) i ndi cator of the
curing rate, was carried out in the same manner as in the Exanples.
[ Tabl e 2] Tabl e Yatghiels: cpaprangedydingffd)e ratio shown in Table 2

were each pounded and mixed in a mortar at a room temperature
cf 25 °C for three minutes to obtain thermosetting resin
compositions. Using the thermosetting resin compositions
thus obtained, evaluation of gel time, which is an indicator
of the curing rate, was carried out in the same manner as

in the Examples.

[Table 2]
Table 2 {unit: : parts by weight)
Comparativ | Comparativ | Comparativ
e example | e example | e example
1 2 3
Novalac-type phenolic resin of
| Synthesis example 1 100 100
Novoiac-type phenolic resin of
Synthesis examnple 2 100
Hexamethylenetetramine 20 20 20
Salicylic acid 8
Evaluation Gel time at 110 °C (sec.) 1,840 1,858 1,711
Gel time at 170 °C (sec.) 46 55 38

{Examples 15 to 18 and Comparative examples 4 and
5)

Materials compounded in the ratio shown in Table 3
were each mixed and kneaded (by batch method) 20 times at
90 °Cwith a heating roller (manufactured by: Sumitomo Heavy
Industries, Ltd.) They were then subject to cooling and

pounding, thus obtained molding compounds. Using the

molding compounds thus obtained, evaluation of Barcol
hardness, which is an indicator of the curing rate, was

carried out. Firstly, each of the molding compounds was
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Conparativ Conmparativ Conmparativ e exanple e exanple e exanple 1 2 3
Novol ac-type phenolic resin of Synthesis exanple 1 100 100

Novol ac-type phenolic resin of S nthesis exanple 2 100

Hexanet hyl enetetram ne 20 20 20 Salicylic acid 8 Evaluation GCel
time at 110 C (sec. 1,840 1,858 1,711 Cel tinme at 170 C sec. 46 55 38
(Exanples 15 to 18 and Conparative exanples 4 and 5) Materials
conpounded in the ratio shown in Table 3 were each m xed and kneaded
(by batch ®ieahoed 20tbi pewodd £00 Crantiiex headtiimg,r eiHierh was kept

(manuf actured_by;, Sum tono Heav | ndustries, Ltd.) Thei/ wer e t hen
subj ect t #%tddri ngr &fd2 Fb‘iﬁﬁﬁﬁ%oft%%%’ﬂ’@b?alml%ﬁﬁ & Ml defprRsust

o110 e gl 150 GRIPRUISpENGg, et ovalu ey RLCERLER, 1p,

har dness, h i's an i ndic e CUrThyg rate,

Firstly, &@ﬂkéﬁeﬁh@d%dﬂﬁw c@QﬁE@JEQ&e\’\@ﬁenzﬁaf@éﬁ.%&irBHEQs%mlh@

for transfer nol ding, ich was kept at 175 C, at a pressure of
MPa to pr mc&pmm peodunet 40 wirt o586 . mﬁaptmestmqetdmm.
Bar col hardness is gresent ed by the curing time when Barcol

har dness etH”é“%?dE Lhr 88GEt IBELEFe 40 or nore. As the time gets
shorter, [Lﬂé%lCéJréﬁg rate gets faster. '
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[ Table 3] 30 Table 3 (unit

parts by wei ght)

Exanpl e Exanpl e

Exanpl e Exanpl e Conparative Conparative 15 16 17 18 Exanpl e4 Exam | ey
Thernosetting resin conposition of 115 Exanple 2 Thernosetting resin
conposition of 115 Exanple 5 Thernosetting resin inposition of 115

Exam pl e8 Thernosetting resin conposition of 115 Exanple 10

Thernosetting resin'

Ther noset tyaggaresi n conposition of 115 Conparativ

Wod. powd€r—I50 150 150

bl ack *3

222222 Bar

(] Se )

a—
Enﬁgs
Lt

ks

A
2\:1

»

conposition of 115 Canparativeexanple 2

By bbibgper |

S (GHER, Ry
§§ %Eﬂnp}es

manuf act u

FRRBhTBERing RO K4

composition of
Example 2

el
115

Thenmosetting resin
composition of
Example 5

115

Themnosetting resin
composiion of
Example 8

118

Themmoseting resin
composition of
Example 10

116

Thermmosstting resin
composifion of
Comparative example 2

115

Themoesetting resin
composition of

_ Comparative example 3

118

Filer }i‘i‘;"dpm&f

150

150

150

150

150

Stearicadd (*2)

3

3

Carbon biadk (*3)

2

2

Barcdl hardness

2

16

3
2
23

23

55
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*1  manufactured by: Otomo Kasei Co., Lid.
*2  manufactured by: Kao Corporation
*3  manufactured by: Mitsubishi Chemical Corporation

31

bon



*2 manufactured by Kao Corporation *3 manufactured by. M tsubish

Chem cal Corporation 31 As is clear fromthe results of Tables 1 to
3, it is found that the thernosetting resin conposition of the
present invention is stable at a tenperature which is lower than the
nol di ng tenperature and has an extrenely fast curing rate at the
time of nolding; nanely, the thernosetting resin conposition of the
present invention is excellent in both productivity and noldability.
| ndustrial Appli2&biFi €yesrnéecn dhiedrgrwiietof hBrbdeshastexadel Lént

properties e r.esi.st ance chani cal, strength,  electrjca
propertieéjin Egg?&%?'!ﬁQ%tF ?ﬁﬂﬁﬁ??ﬁbn?eg?ﬁlncﬁﬁBBgﬁﬁF&ﬁnontﬁ@e
present | ByeHdNingetiilabhe d0ipDlae AN ¥mARRLEGRL! PRSCH Al ng:%ﬁ.l a
t hernosetting phenolic resin conposition Is conventional yusedsuch
as | am natédrstizensldiagheshyesaantdesh dhablin akseenuilyotd £ FQbing
applications for _which a thernpsetting resin conposition nolding
conpound *ASSRBFISUERTEL HUPSRIBT enPaARlY, Wieshesmesedriisy reatns,
electric |.qCGL.r Qni rts_and _so.on. 32 CLAIMS 1. A ,
thernnset??ﬁagfeifﬁggéﬁigsﬁtPgﬁsﬁgr ﬁBV&F%@‘Hb&ﬁp8§ﬁﬁl&5ﬁﬁfF§1Hatﬁ
novol ac- t ypedpkensite, rasd moBaaBohyagetal resin and a curing

catal yst represented by a general fornmula (1), [Chem cal fornula 1]

Industrial Applicability

Since a cured product thereof has excellent
properties such as heat resistance, mechanical strength,
electrical properties and so on, the thermosetting resin
composition of the present invention is suitable for not
only applications for which a thermosetting phenolic resin
compositionisconventionallyusedsuchas laminatedsheets,
adhesives and so on but also suitable for applications for
which a thermosetting resin composition molding compound
is used such as automobile parts, electromechanical parts,

electric and electronic parts and so on.
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RIZ2 RLRI1 R2 ( 1) RIORBRORA RB RS R7 R6 wherein, RL to R12
each denote any of a hydrogen, an alkyl group having 1 to 4 carbon
atons, a hydroxyl group and a group represented by a fornmula (2) to
(4), and two or nore of RL to R12 are a group represented by the
formula (2) , (3) or (4) and nay be the sanme or different from each
other; [Chemcal formula 2] R14 R13 R1I5\ S2-O (2) R16 R17 33
wherein, R13 to R17 each denote any of a hydrogen, an al kyl group
having 1 to 4 carbon atons, a hydroxuaAIM®up, an al koxy group, a
hal ogen, a nitro group, a nitroso group, a sulfonic group, a
carboxyl group, a cyano group, an am no group, an amoni 0 group, a
trial kyl ammoni o group and a group represented by a formula (5) or
(6); [Chemical fornmula 3] / \ SOZ-O (3) [Chemical fornula 4]

cp- S02- 0- {4)

A thermosetting resin composition for molding
compound comprising a novolac-type phenolic resin, a

polyacetal resin and a curing catalyst represented by a

general formula (1),

[Chemical formula 1]

R12 Rq
Ri Ro (1)
Rg R4
Rsg Rs
R7 Re

wherein, R; to Riz each denote any of a hydrogen, an alkyl
group having 1 to 4 carbon atoms, a hydroxyl group and
a group represented by a formula (2) to (4}, and two or
more of Ry to Ry are a group represented by the formula
(2), (3) or (4) and may be the same or different from each

other;

[Chemical formula 2]

R15 SO;—0— (2)
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[Chem cal fornula 5] R18- C (5) O wherein R18 denotes a hydrogen or
an al kyl group having 1 to 4 carbon atons; [Chem cal forrmula 6] R19
O~ (6) O 34 wherein R19 denotes a hydrogen or an al kyl group havi ng
1 to 4 carbon atons. 2. A thernopsetting resin conposition for
nmol di ng conpound according to claim11, wherein the curing catalyst
is a conpound represented by the general formula (1) having a group
represented by the fornmula (2), (3) or (4) as RL and R3, a conpound
represented by the general formula (1) having a group represented by
t he fornula (2), (3) or (4 as R1L and R5, a compound represented b
the gener afNEERHAa 1(1t)0 %vuw%%%tberw&fem B 9B ae gy mdlkey
(2), (3) or (4) .,as Rl and R7, or ound represented. by the
general  f9F fttPa el Havt ngoagréd: % QB ed @quﬂﬁ¥%rﬁﬁP§F%2Pn

3 t tt tion f
ol ding  CRRBONATAReE g TOE rﬁe%l”%*?% Sifupern o CERGoLS A

2 PO U100 o 1P s ANk B POSLLLONS ! 18 L 20T 42 RS L1 0 01K,

1-, 3- an p05|t|o curing cat alFyst = repr

general fogpulig, (%}1hﬁ§m@H§ooﬁr%%%ﬁ &iWQ?laQLygr9H9§1f§|§fE§9 M

the group consis$ting o
group represented by a formula (5) or (6);

[Chemical formula 3]

Q S0z—0— (3)

[Chemical formula 4]

[Chemical formula 5]

R13""“ C_
i (5)

wherein R;g denotes a hydrogen or an alkyl group having 1
to 4 carbon atoms;

[Chemical formula 6]

R1g‘“‘ O-" C‘“"‘
I (6)

O
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p-tol uenesul foni ¢ acid, 1-naphthal enesulfonic acid, 2 -
napht hal enesul fonic acid, p - xylene - 2 - sulfonic acid,
2,4,6-trimethyl benzenesul foni ¢ aci d,
2,4,6-triisopropyl benzenesul fonic acid, 4-tert-butyl benzenesul fonic
acid, 4-nmethoxybenzenesul fonic acid, 4-ethoxybenzenesulfonic acid
and 4-hydroxybenzenesul fonic acid. 35 4. A thernosetting resin
conposi tion,_for .nol din conmpound according to any.of clains 1 tp 3,
wher ei n tﬁghafsdﬁlf?épagggﬁngab%%ﬁ%???ﬁn%Fa§?2?¥5¥1a%ﬁQﬂﬁ)haVlng 1
represented, by a fiprmula fZ2). [Chemical fornula 7] CH3 -O S2-0- (7)
5. A thernosetting resin conposition for nolding conpound according
to any of clains 1 to 4, wherein the «curing catalyst represented by
the general formula (1) is 1, 2-bis(p-toluenesulfonic
aci d) cycl chexyl ,A 1tBebimso@Emtttol uenesabfioni coagad CytbohexXylr, molding
1, 4- bi s(p-tol uenesul foni c_acid)cycl ohexyl or . _
1, 3, 5-t ri sSEPIPEMGEhESAT SH: Y 4G BLAict dheXer i ANhevisded Wafg@lyst
resin conposition for | di n C ound ,accordi ng, to any. of ins, 1
Lo whererit rdo Spd it e § SRR SR 001 iR of ) B e
(1) is 1,4-bi-s(2-mesitylenesul & 't%ea%@rﬁufgofe%y,'&aﬁ- 4 (4) as R,
thernosetting resin conposition for nolding conpound according to
any of clahng@ R:f 0a 3sombetaidn rehe e it ag sat ehysgenepresaeed: by the
general formula (1) is

having a group represented by the formula {(2), (3) or (4)

as R:; and Rs, a compound represented by the general formula
(1) having a group represented by the formula (2), (3) or
(4) as Ry and R;, or a compound represented by the general
formula (1) having a group represented by the formula (2),

(3) or (4) as Ri, Rs and Rg.

3. A thermosetting resin composition for molding
compound according to c¢laim 1 or 2, wherein at the 1- and
2-positions, the 1- and 3~-positions, the 1- and 4-positions
or the 1-, 3- and 5-positions the curing catalyst
represented by the general formula (1) has one or more kinds
of groups selected from the group consisting of
p-toluenesulfonic acid, 1- naphthalenesulfonic acid,

2 - naphthalenesulfonic acid, p- xylene - 2 - sulfonic acid,

2,4,6-trimethylbenzenesulfonic acid,
2,4,6-triisopreopylbenzenesulfonic acid,
d-tert-butylbenzenesulfonic acid,

4-methoxybenzenesulfonic acid, 4-ethoxybenzenesulfonic

acid and 4-hydroxybenzenesulfonic acid.
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1, 4- bi s(4- met hoxybenzenesul foni ¢ aci d) cycl ohexyl. 8. A thernosetting
resin conposition for nolding conpound according to any of clains 1
to 3, wherein the curing catalyst represented by the general fornula
(1) is 36 1,2-bis(1-naphthal enesul fonic acid)cyclohexyl. 9. A

t hernosetting resin conposition for nolding conpound according to
any of clains 1 to 8, wherein the thernosetting resin conposition
contains the polyacetal resin in aratio from10,to 30 parts b

wei ght wit 'resﬁ%cttg?gmﬂﬁ? Far g b§eﬁépghF99p?§%Fh890lgggiyﬂghdlng
phenolic rgsj r t1l [ st i I [
conpound a%%%?gﬁﬁép?Ségkgﬁégygﬁé%%ggﬁg?gagﬁgp efi?ﬁ ?ﬁ%ggﬁécg*géfg§%%
phenol i c respheisera SWOVO) achéypermphencl>f orded dehydg Fepir i ad aedy
by reacting phenols wth fornmal dehydes. 11. A thernbsetting resin
conposi ti on formydladi hg) - conpound according to any of claims 1 to 10,
wherein the novol ac-type phenolic resin has an el ectrical
conductivi£9heﬁﬂcéduéﬁﬂ§“ﬁiﬁr§dt of 50 pS/cmor less. 12. A

t hernosetting resin nolding conpound conprising a thernosetting
resin conposition for nolding conpound according to any of clains 1
to 11 and a filler. A cured product forpmed by curing a

t hernosetting E&i @ 78¥¥41+@m—f or nol di n§”donpound according to
any of clainms 1 toMZ% 14. A cured product forned by curing a

thermosetting r&si nch&Bhdiskg tCOMPOUNEs AGCOL@IHh 4 Ot CbAI MEL2. molding
compound according to any of claims 1 to 4, wherein the

curing catalyst represented by the general formula (1) is

1,2-bis(p-toluenesulfcnic acid)cyclohexyl,
1,3-bis{p-toluenesulifcnic acid)cyclohexyl,
l1,4-bis({p-toluenesulfonic acid)cyclohexyl or

i,3,5-tris{p-toluenesulfonic acid)cyclohexyl.

6. A thermosetting resin composition for molding
compound according to any of claims 1 to 3, wherein the
curing catalyst represented by the general formula (1) is

l,4-bis(2-mesitylenesulfonic acid)cyclohexyl.

7. A thermosetting resin composition for molding
compound according to any of claims 1 to 3, wherein the
curing catalyst represented by the general formula (1) is

1,4-bis(4-methoxybenzenesulfonic acid)cyclohexyl.

8. A thermosetting resin composition for molding

compound according to any of claims 1 to 3, wherein the

curing catalyst represented by the general formula (1) is
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1,2-bis(l-naphthalenesulfonic acid)cyclohexyl.

9. A thermosetting resin composition for molding
compound according to any of claims 1 to 8, wherein the
thermosetting resin composition contains the polyacetal
resin in a ratio from 10 to 30 parts by weight with respect

to 100 parts by weight of the novolac-type phenolic resin.

10. A  thermosetting resin composition for molding
compound according tec any of claims 1 to 9, wherein the
novelac-type phenclic resin is a novolac-type
phenol-formaldehyde resin obtained by reacting phenols

with formaldehydes.

i1. A thermosetting resin composition for molding
compound according to any of claims 1 to 10, wherein the
novolac-type phenolic resin has an electrical conductivity

of agueous extract of 50 uS/cm or less.

12. A thermosetting resin meolding compound comprising a
thermosetting resin composition for molding compound

according to any of claims 1 to 11 and a filler.

13. A cured product formed by curing a thermosetting resin
composition for molding compound according to any of claims

1 to 11.

14. A cured product formed by curing a thermosetting resin

molding compound according to claim 12.
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