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 angEgbﬂyyyfgﬁetting resole resins.
Novol ac-type phenolic resins are used as a thernosetting phenolic
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hexanet hyl enetetramne i's uSed as a curing agent ey have

various excel | gt nePerbups uNpHENMschREb PRYti@NCeyrRRARAN cal
strength, electrical properties and so on, and are used for various

applications such as nolding conpounds, |am nated sheets, adhesives
and so on. In contrast, due to the | ow tenperature dependence of

the curing rate, conventi onal ti enolic resin
TRTERE P

conposi tions have a problema n a nolding 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 prbéupHamentinbnivend inol diebapescéss,a cunéngoektithag
nelted resin is pronoted at a tenperature |ower than the nol ding
t enper atifrsEl @RS L EAGTt he theetmosettdsia resin tossdqeeapnpound

thermal stability of the_ resin deteriorates
and a cured product thereof.

Background Art

Phenolic resins include 1) thermoplastic
novolac-type phenclic resins and 2) thermosetting resole
resins. Novolac-type phenolic resins are used as a
thermosetting phenclic 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 str'ength, electrical
properties and so on, and are used for various applications
such as molding 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. Inamelding
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 reduce



and it causes a problemthat the range of conditions required for
nmolding is strictly limted so as to inpair nolding workability. On
the other hand, in view of thermal stability of resin, if aresin
conposition having a low curing rate at a tenperature |ower than the
mol di ngproemuariaturte nat iwhechol He nimepirb ceanposiuriong icf tkktedlisd
used, the curing rate at_the nolding tenperature also decreases so
as to r&88a& pPORYEMAL]YY 2 TTRusenpendeunesboVEngt hasi Rhedapbdifon

whi ch | LI hal d. bet duct i vi t d, nol di bility,
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ure a e resin conposi
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order to increase the curing rate of such a thernosetting phenolic

resin Eompmeildierny s héykiewlisculiani tedokacakype pheswlt cnde8ing
(e.g. pages 2 to 4 of Japanese Patent Application |aid-open (JP-A
No. 2001wapkab) lortsa. hi dn othiso nbhelachangpe jmhendléw ofesthetwad.
~pages 2 to 3 _of JP-ANo. Hei. 8-302158) has been wused hitherto;
however Stabfddity (Here®f 18y e iifnSufis £ enEOTREGilig Wh BRGBATC2aéPY as
a decorrgosi.t ion aggel erator_ of hextgmet hyl enet et r.am n whi cgdi. s used

as a currhg"dgent; s BeehSPPSFSSeH: as Wh&dﬁfb iﬁ@_r A8 the
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presentusg¥entsin ¢sritigoreytde sa thes mpsaldiny temperature also

decreases sé as to vreduce productivity. Thus, a

thermosetting resin composition which is 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 phencolic 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 acidas a decomposition accelerator

of hexamethylenetetramine, which is used as a c¢uring agent,

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

however, effects thereof are alsco insufficient.



resin conposition which is excellent in thermal stability and has an
extrenely fast curing rate, a thernosetting resin nolding conpound
obt ai ned therefromand a cured product thereof. Means for solving

the Probl ens The inventqﬁs o& the presepnt i nvention found out that
PEULT ThpERY BT b o

the thermal curing rate of-g n°ontaining a
novol ac-type phenolic resin and a polyacetal resinis extrenely
i ncreased by nmaki ng the polyacetal resin function as a curing agent

of the pevwHimamsyes BReRYIed 85 NtARd ; & Cycl ohexyl conpound
as a curing catalyst. As a result OE ES#?%@%F%B further diligent

researches, the present invention was finally obtained. The present
invention is a thernosetting resin conposition conprising a
novol ac-type phBRAPTRSPEE AIVENtIaY dcetal Proviideandthecmdsar ting
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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 (1).



the formula (2) , (3) or (4) and may be the sanme or different from
each other. [Chem cal fornmula 2] R14 R1I3 R15/ \ SO2-O0 (2) R16 R17
In this formula, R13 to R17 each denote any of ahydrogen, an alkyl
group having 1 to 4 carbon atons, a hydroxyl group, an al koxy group,
a hal ogen[Chenicad fiwtmila haltroso group, a sulfonic group, a
car boxyl group, a cyano group, an am no group, an amoni o0 group, a
trial kyl ammoni o group and a group represented by the follow ng
formula (5) or (6). 4 Cn,gm'cal formula 3] SQ2-0 (3) \ / .
[ Chemi cal fornul a_4] B 1sce-0- (4) [Chemcal fornula 5] R18 CO
11 (5) In this foly notes a hydrogen or an al kyl group
having 1 to 4 cqc(1laon at o @en‘ical formula 6] R19-0- c- (6) O In
yoarogen or an al kéi? group having 1 to 4

this fornula, R19 deng 9
carb‘on at ons. InR(Q ‘ OSE Jng .resin conp tion, fromthe

Inthis formula, Ri1 to R;; eachdenote any of a hydrogen,
an alkyl group having 1 to 4 carbon atoms, a hydroxyl group
and a group represented by the following formula (2) to (4).
One or 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]

Ris SOy—0— (2)

Inthis formula, R;; toRy;eachdenoteanyof ahydrogen,
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 ammonic group, a trialkylammonio group and a group

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



vi ewpoi nt of preventing curing at | ow tenperature, the curing

catal yst preferably has two or nore groups represented by the
formula (2) , (3) or (4) as RL to R12 of 5 the general fornula (1).
In the thernosetting resin conposition, fromthe viewpoint of

i ncreasi ngchle i i Ngokal:@a thhe curing catalyst is preferably a
conpound represented by the general forrmula (1) having a group
represented by the fornmula (2), (3) or (4) as Rl and R3, a conpound
repr esent by the general fornmula (1) having a group represented by
the for % ¢31_ r (4) as Rl and R5, a conpound represented by
t he geneng orn% a (€TT having a group rgpresented by the fornul a

(2), (3) (4) as Rl and R7, or a conpound represented by the

a
-0

gener al la (1) having a group represented by the fornula (2),
(3) or ( 4 R1, R5 and R9. in the thernpbsetting resin conposition,
fromthe viewpoint of increasing the curing rate further, the group
represented by the fornula (2) is preferably a group represented by
the follo .ﬂ%mgggﬂﬂfbégﬁla[ emcal formula 7] CH3 ' S2-O0 (7) In
the thernosefiting resih conposition, fromthe viewoint of :
increasing the curing rate nost highly, the curing catalyst
represented b e general formula (1) is 1, 2-bis(p-toluenesulfonic
aci d) cycl ohg 1, 3- bi s(p-tol uenesul fonic acid) cycl ohexyl,

' su1$@ni-©aci d) cycl ohexyly or

enesul foni ¢ aci d) cycl ohexyl .

[Chemical formula 5]

F%s—‘%"
0O

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

[Chemical formula 6]

Rqg—O— (f_ (6)
o)

In this formula, R;, denctes 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 Cemperature, the
curing catalyst preferably has two or more groups

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



The thernosetting resin conposition preferably 6 contains 10 to 30
parts by weight of the polyacetal resin wth respect to 100 parts by
wei ght of the novol ac-type phenolic resin. In the thernosetting
resin conmposition, fromthe viewooint of increasing the curing rate

nost highly, the ovol ac-type phenolic resin is preferably a
novola09$§%egeﬁﬁ§%;-f%FWHPEeHQde resin obtained by reacting phenol s

WLh ormal defiydeso | dis, A NELUPRE! LI L °8LRSOMOSLL T Oy ot e

novol ac-type phénoliC resin prefera
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invention al'so represents a thérnosetting resin noldi ng Tconpou
conpr i siing ptrees dheh Ipseiddnih uies irep €o9eas el B9 Bl gankidd eForthe &
present invention also further represents a cured product forned by
curing the titeyingeat gngupresiapasgpusedi by the fbhemufier Maget tig or
resin nol ding conpound. Effect of the Invention According to the
present §4HlERtEoRIAR:w AR AFerrasan tedpusthe genrwd hfoamula
extremel y. st._curing rate can_ be obt '

f ined,. it _i i tabl df
appl i cat i oS TERTa8 THEPH ﬁfgﬁﬁﬁﬁﬁﬁﬁg{g?aﬁpéaﬁé%mzﬁéeﬁg)xaaﬁgsFvg;

o 20, ) bk, Al % LOGEIRRRS L0 ISTeLA 5,/ e5LB SIRESLL e

convent|0na been € . . prodac . arne
ther ef r om)i e hgbhegietpaprliredd/oNsd SHeh-RS £a¥hHAMRPIbE Parh)S.or

el ectromechani cal parts, electric and electronic parts, and so on.
(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 R, Rjg and Rs.

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

[Chemical formula 7]

CHg—Q—soz—o— | (7)

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

curing catalyst represented by the general formula (1) is

1,2-bis(p-toluenesulfonic acid) cyclohexyl,
1,3-bis(p-toluenesulfonic acid) cyclohexyl,
1,4-bis(p-toluenesulfonic acid) eyclohexyl or

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

The thermosetting resin composition preferably



7 Best Mode for carrying out the Invention Hereinafter, the best
node for carrying out the thernosetting resin conposition, the

t hernosetting resin nolding conpound and the curedproduct thereof of
the pres€fbPtaiimmemy &P WA Ipaset ddsyrivdbghicnodethiel pollyagmd sk petin

t he present invention rel %t es to a thernpsetting resin conposition
conpri si By ﬁ&ﬁﬁ%%ttéﬁe OOn & & Pé’si""ﬁ,lgéltpd?’ga’é]é?apoﬁfé’%%‘m%

curing C}?ﬁéﬁ)ﬂﬁtic repsesented by the general formula (1) and a
thernpsetting resin conposition having an extrenely fast curing rate

may be obt ai neth byneomid Shdget U R L£IPONENESmpBIE P18 Erom the
invention also relates to a thernosétting resin nolding conmpoun
conpri singewnolire: tdierirmsesabigor €3 AoMesi thioe masd ailHilwer tne
one aspect. The present invention also further relates to a cured
product ®BYalaed U1pe @hegosdeh reg irhersroset f ¢ ngblysannovopesi-ttyare or
a thernosetting resin _nplding conpound in_one aspect. The ]
novol ac-R5FROphdroma! ¢ekyAeiRelr abirnpl &yeheactapairhonols with

obt ai ne i henols to react with formal dehydes in or
wi t hout dﬁ‘%%m%?lei%\eﬁ ce ng catalyst, and they may be either random

novol ac-type ofrdi ofnart hihe ARYOLBELAPE. » EQL AT NUBASLO0: 18], CUTIHIY

rate of such resins, it Is prefera o0 use ph Creso

xyl enol nowphtbelt yper gHendike eesphepdle mnehboyusgsf ganmahdehydeal
par af or mal dehyde or the |ike as al dehyde. For increasing the curing

rate nmoStCHGREEEVIEINMcVDl aguepps pteroeef ofnglodelsdemr esi heslst.ai ned

by al | owi ng phe[11_lol as ) ) : _

Thepresent inventionalsorepresentsathermosetting

resin molding compound comprising the thermosetting resin
compeosition and a filler. |

The present inventionalso further represents a cured

product formedbycuringthe thermosettingresincomposition

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
ocbtained therefrom is suitable for applications such aé
automobile parts, electromechanical parts, electric and

electronic parts, and so on.



phenols to react with formal dehyde as al dehydes is nost preferable.
In the novol ac-type phenolic resin, it is preferable that the
content of ionic inpurities is smaller. Wien the content of ionic
inpurities is represented by the electrical conductivity of aqueous
extract, a novol ac-type phenolic resin having an electrical
conductivity of aqueous extract of 50 }1S/cmor less is preferable.
It is nore preferable that the value of the electrical conductivity

of aqueous extraebtIfc ! BSET chR 138Ny éﬁttgﬁev%lnl%ﬂtsi&ﬁ' the

af orenmenti oned range, the resin exhi'bits nore excellent curability
in the production of a curing product thereof. As the neasuring

nmet hod of the electrical conductivity of aqueous extract used in the
present i nvent 681 Fay the abRethdirdach arthatasrying out the

T .St t ai h d. w.th 6..0 f | ac-t
phonol | ¢ EPEATO SR A0 T SOR THIT TP e i dPer 1 RO T EFGRE, Tobin
To Cool , "PAT AL Ry Tenar e Ciin Ebrobit Bk SRR nBR0epE,

an el ect i he@nt LONdWELNVidey d@seri pEle Pl yacet gl resin used in the
present invention nmay be a polynmer which has an oxynet hyl ene group

as a main consint aeet aspdctandthengiesniasiaventiing ageldtén tbea

present invention. For exanple, there may be a honopol yner-type

pol yacet aFer@qset alogpet§adr coppe s ifcigmanmpriesng eome M agtupe
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rel ease yrepresented 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 c¢uring such
a 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
 forma1dehydes in or without the presence of catalyst, and
they may be either random novolac-type or high ortho
novolac-type. Forincreasingthe curingrateof suchresins,
it is preferable to use phenol, cresol, xylenol, naphthol
or the 1like as phenol and to use 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



9 agent, an oxidation inhibitor and so on. As the honopol yner

pol yacetal resin, for exanple, there may be Delrin 500 NCO10

(manuf actured by DuPont), Tenac 4010 (manufactured by Asahi Kasei
Corporation) or the like. As the copol ynmer pol yacetal resin, there
may be Duracon MBOS (rmanufactured by PolyplasticsCo.,Ltd.), F30-01
(manuf achHead 1ty ﬂ\étﬁeab&hmt&ﬂgf@ﬁﬁéua@hﬁ’)c?étwsaﬂeéﬁ gl O most
Tenac-C 7520 (manufactured by Asahi Kaseir Corporation) or the |ike
The curipgefeatalbist. represented by the general formula (1) used in
the present invention may be one having a group represented by the
formula (2) , (B) t&e M)"Cé[safbn@fp@rpltlmoéﬂcnbeel@f, Eeg i prREL egfa he

| f Th ta f bl d
epr eqent BACLO NS EREr IE FBFH AMPDF T Aok IOULET epr/Caen e by
the f r nt.ed
the ' gencrareplofidn s it e Ra s P rs R AT RO S fy
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formula (1) having a group represented by the fornula

(4) as Rleand IR¥ving a.nO@Ir@Otiﬁdclae.pt'aSﬂmicﬁﬂl\bﬂt agRRaHad efsﬁfﬂ&&@
(1) havkgg a group represented by the fornula (3) or (4) as Ri1,
RS and $é-1 aRdcR3orRl egind 1 sRP refre FAb1RS amd mtartehpsef@mqmmds

may be t{h or _different groups. As an alkyl group having 1 to 4
car bon %ESt § ﬁf%ﬁ?F%ji?ﬁet%%eﬁéﬁéﬂﬁlf%ﬁ%@?%t%Y}ty'Pﬁeﬁ@ﬂﬁ%ﬂsbe
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an a|kWaﬁbﬁ@ﬁeﬂ%Wdﬂhé-f@néecaﬂﬂg1f€§ﬂﬁ e%ﬁﬂ%g%§(h5§g ek clh8 ent
general formula (2) , there may be listed

curability in the production of a curing product thereof.

Ags the measuring method of the electrical
conductivity of agueous extract used in the present
invention, there may Dbe a method such that a
pressure-resistant container charged with 6.0 g of a
novolac-type phenolic resin and 40 ml 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 invention. For example, there may be a
homopolymer-type polyacetal 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



a nethyl group, an ethyl group, an n-propyl group, an 10 i so-propyl
group, an n-butyl group, a tert-butyl group and so on. As an al koxy
group, there nmay be |listed a nethoxy group, an ethoxy group and so
on. As hal ogen, there may be Ilsted quorlne chl orine, brom ne,

iodine and so on. As a trial nnnnlo oup, there may be listed a

tri met hyAEiioni 3 §FOGS HRF 46t lte@raw |s B gr obp e PRBOPP s
carbon 3591523310, of  Lhec geNS Ao 07 kB LT)oyy ESLE o D8 e

a met hy an n-"prop an iso-pro

group, afmanhhehy ltu&re(aJBg Bub8ht) DUbYh 2 U OVO %@Pa@ﬂuré% B addadayl
group having 1 to 4 car atons as RI9 of the general fornmula (6) ,

t here nmiadeil Ktwesra ol oa) hyt tBeolpkean BEMHe gERHLy Y PopiaRial
group, an iso-propyl group, an n-butyl group, a tert-butyl group and
so on. H@&siher, aQeaEQr msﬁy r épe esknradopy M9 Yenbranufbotmylesl (23}[

a group haV|ng a neth rou as R15 and hydrogen as R13, R14,
and RL17 By EREEAGE OAS cl fi @%x%m@@wﬁaq%ﬁréérhwléﬂ%ﬂﬁls

h be_| d: | | f d | oh
LT b OO ER LB PR bRy cyorareniOL) o) b SEROER dencstl N ¢
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1,4-bis (p-toluenesul fonic acid) cycl ohexy tris (p t ol uenesul foni c
acid) cycl ohexyhesughirang ledrdltfdts &l@ﬁﬁs@wadl fiopi e ci gkneral
cycl ohexyl, 1,2,3-tris (p-toluenesulfonic acid) cycl ohexyl,

1, 2, 4- t Fosypka ol Lenemd flonitdeapird)seynt dhssent iandiay X8 e heving
(p t0| uen%?:uolgﬁmllecpraglsg t%%C|b(¥]%)i1yé formula (2), (3) or (4) as one
or two or more of R; to R;; of the general formula (1). The
curing catalyst is preferably a compound represented by the
general formula (1) havinga group represente‘d by the formula
(2), (3) or (4) as R; and R, a compound represented by the
general formula (1) havinga group representedbythe formula
(2}, (3) or (4) as R; and Rs, a compound represented by the
general formula (1) havinga group representedby the formula
(2), (3) or (4} as R, and R,, or a compound represented by
the general formula (1) having a group represented by the
formula (2}, (3) or {(4) as R,, Rt and Rgs. R, and Rz, R; and
Rs, or R:, Rs and Rs of these compounds may be the same or
different groups. As an alkyl group having 1 to 4 carbon
atoms as R; to Ri; 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 Ry7 of the general formula (2), there may be listed

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

10



Ki s
, 4-tetraki s(p-tol uenesul foni c acid)cycl ohexyl, 11
4-tetraki s(p-toluenesul fonic acid)cycl ohexyl, and

r s(p-tol uenesul fonic acid) cycl ohexyl such as

tetra
1,1,4
1,2, 3,
1,2,4,5-tetraki s(p-toluenesul foni c acid)cycl ohexyl; penta
(p-tol uenesul fonic acid) cyclohexyl such as 1,1, 3, 3,5-penta
(p-tol uerigssdo8bH 913§r8hpc)’§hoﬂi‘e}5ﬁ|tyl dréud 3a5t@EEL§utyl group and
( toluenesulfonlc acid) cycl ohexyl, and ,2 3,4,5-penta

(p-t ol uersesgif onifcs aoi c@llcqxifogfmap, theaf prd | e nesait & dnacmethoxy
aci d) cycl ohexyl such as 1,1, 3,3,5,5-hexa (p-toluenesul fonic acid)
cycl ohex;ﬂrouﬂr 123 @rthog-Yhaa:apt(m @@duéﬁe@@l f ofisc hadiajery ctbhrymay
1,1, , 3,4, 5-hexa oluenesulfonlc acid Iohexyl

1,2 3, lHé%y?%\ épf BPHéH@gulql'b]rﬁ”él%vd I’tﬂvexwdl%ﬁdand SO on.
% 2, 3,4, i_ exa LRl gﬂﬁ fonb%t)ﬁ%d) &g{ %heé§y4 Heep%gsted a2
(

(

(

(

c

c
1,

1

n

1

oluenesul oni ¢ acid)cyc ohexyl epta

p-t

p-tol Ue%&iﬁﬂé%?aﬁﬁbﬂh@%&%ﬁ%&hd sd dln 2, 3!\&&51 Qllil?/ﬁt &roup having
p-tol uenesul foni ¢ acid)cyclohéxyl, 1,1,2,3, 4,4, 5-hépta

p-t ol uenesal £ adrbonia syiel aheyl o f BN gﬂeﬂeﬁaB flobmGiBepEa, there
p-tol uenesul fonic acid) cycl ohexyl; octa(p-toluenesulfonic acid)
ycl ohex{pay $echigdeld B metiays, SrEHUBGt afpettdivile rgssutp orde napkdpyl
ycl ohexyl, 1,1,2,2,3,4,5,6-octa(p-toluenesul fonic acid) cyclohexyl,

1,2, 3, IR 'GaG‘CFSPpR%Rﬁé%&Jiﬁ"?Bm%n %&%Y%?&E%Ery‘? t%*a buty
) 21 31 |
0 a(p-téFﬁbE%su tgngﬁo gggeaﬁbthQﬁLéicﬁaggﬁa% 1781 to 4 carbon

onli Cc acl cycC ) ¢
, 2, 2, 8tttk 2sSRNO0BE(PhEOkERBRSY! FORIG12GIsd), EXeANEAY be 1isted

PSPt

a methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, a tert-butyl group and
g0 on. Further, as a group represented by the general
formula (2), a group having a methyl group as Ri1s and hydrogen
as Riz, Ris, Ri¢ and R;; is preferable.

As specific examples of the curing catalysts, there
may be listed: bis(p-toluenesulfonic acid)cyclohexyl such
as 1,l-bis{(p-toluenesulfonic acid)cyclohexyl,
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)ceyclohexyl 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)cyclohexyl, 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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1,1,2,2,3,4,4,5, 6-nona(p-toluenesul fonic acid) cyclohexyl, and
1,1,2,3,3,4,5,5, 6-nona(p-tol uenesul fonic 12 aci d) cycl ohexyl;
deca(p-tol uenesul fonic acid) cyclohexyl such as
1,1,2,2,3,3,4,4,5,5-deca(p-tol uenesul fonic acid) cycl ohexyl, and
1,1,2,2,3,4,4,5,5,6-deca (p-toluenesulfonic acid) cyclohexyl;

1,1, 2, 2, 434 ,5, C i_C ohe

1,1, 2,2, %%&?4,45 &&%ﬂggggc;&(&pﬂ% u%ﬁggéﬁp'gnlaccaf%g%&%% c‘?l}c yarnd
and so o, Fyat l3ersesa 1008 ( baﬂdﬂhéhe§ﬂﬂ§5hh%e@bf&*%?@iohb 1& may
be listed: bis (p-toluenesul fonic acid)cyclohexyl having a ret’hyl

group swﬂEQEaipmadﬁueﬁeQuhfsﬂ&dcﬂmm@keybﬂmmaXyBcsd¢hcm@Iohexw
1-nmet hyl - 3, 3-bi s(p-tol uenesul fonic acid) cycl ohexyl,
1- nethylQL%-%v§Q§TRﬁQE%éEUFﬂdMQﬁe%mlﬂ?naydaﬁuﬁ%¢yclohexyl

1- net hy| tol | f d | ohexyl
et iyt 28 4 tp?ﬁrijfi% s E%%e%ﬁ@%ni%ﬁa%aﬁoﬁ%yuohem ana

t hyl -3, l.oh
ERah T -
thy|Héﬁ&bpsﬁbﬂﬁ§ﬂ5§@§EEEQQ'%cfﬁ# cﬁ%ﬁ%%?i3%uch as

t hyl - 3, 5-bi s(p-tol uenesul fonic aci cycl

thw-m“m.b;scs EMhﬁxmspLtonmenexuxmoﬁyel@@$@Mcy@nehexy1

t hyl -2, 5-bi s(p-tol uenesul fonic acid) cyclohexyl; tris
tqueﬁeéM?cﬁ é &cih®xz{pt bhaxgneshaviogia aeumwcprupexydh as

thyl -1,.4, 4 r|s t ol yuenesul foni ¢ aci d) cycl ohexyl
YEao § s D- toguenesulfon%c ¥C1d cyciohexyl

3333337

é'o

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-toluenesulfonic 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)cyclohexyl,
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) cycilohexyl, 1,1,2,2,3,4,5,6-octa{p-toluenesulfonic
acid}cecyeclohexyl, 1,1,2,3,3,4,5,6-cocta(p-toluenesulfonic
acid)cyclohexyl, and
1,1,2,3,4,4,5,6-octa(p-toluenesulfonic acid)cyclohexyl;
nona (p-toluenesulfonic acid)cyclohexyl such as
1,1,2,2,3,4,4,5,5-nona(p-toluenesulfonic
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-toluenesulifonic

12



1-nmethyl-2,2,5-tris (p-toluenesul fonic acid) cycl ohexyl,
l1-nmethyl-1,2,3-tris (p-toluenesul fonic acid) cycl ohexyl,
1-methyl-1,2,6-tris (p-toluenesul fonic acid) cycl ohexyl,
1-nethyl-2,3,4-tris (p-toluenesul fonic acid) cyclohexyl, 13
1-nmethyl -3,4,5-tris(p-tol uenesul fonic acid)cyclohexyl

1- met hyl - | ue Ifon| aci d hex

1- et hy | & %?ﬁC%Eh%%gxkg]uéﬁgéﬁﬁ O&(:%ﬁﬁe &¥9836ﬁe%ﬁld cyclohexyl
1- met hyl shch 4 b hsap2t o uenesyl hori & agd Ay lsyebm%ésulfomc
1-nethyl - 2,3, 6-tri s(p-toluehesufl foni‘c aci d) tyclohexyl,

1- nethyh&hiﬁfb?c&sbpﬂbdjuenﬁsulfonlc aC|d) cycl ohexyl ,

1-methyl -2,4,5-tris(p-tol uenesul fonic acid) cyclohexyl,

1- et hyl 11,13,%5-2 r Bsp4t.d Jenesdefeanipe taciuhnystbhiexylc, and
1-net hyl -2, 4, 6- trlsgp t ol uenesul foni ¢ aci d) cycl ohexyl;
tetrakis@&lﬁyﬁﬁ%ﬁég PEdi’c acid) cycl ohexyl having a nethyl group

h 2,.2,5,5- k t o | f
Cyl ohexir LB bt By 1783 41 o1 PARESCHA of TEHEREr Fomt G d)
cyclohexgbid§c%§ %MFekya .3, 6-tetraki s(p-tol uenesul fonic acid)
y

cycl ohexyl 2.3,4,5-tetraki s(p-tol uenesul fonic acid)

cycl ohexyl, 1, el byb- 2, 2,4 5 @] 6 akogel-d @ LepesethEBRIF onic
aC|d)cycIohexyI and 1-nethyl -2, 3,5, 6-tetraki s(p-tol uenesul fonic

aci d) cy@b@kﬂéwclphﬁxaﬂpaﬁm uemesal. f oRuctheird) aoycdwhekplviripv ng a

met hyl group such as
substituent thereof, there may be listed:

bis (p-toluenesulfonic acid)cyclohexyl having a methyl
group such as 1l-methyl-2,2-bis(p-toluenesulfonic
acid)cyclohexyl, 1l-methyl-3,3-bis(p-toluenesulfonic
acid)cyclohexyl, l-methyl-4,4-bis{(p-toluenesulfonic
acid)cyclohexyl, 1-methyl-1,2-bis(p-toluenesulfonic
acid)cyclohexyl, 1l-methyl-2,3-bis(p-toluenesulfonic
acid) cyclohexyl, 1-methyl-3,4-bis(p-toluenesulfonic
acid) cyclohexyl, l-methyl-2,4-bis(p-toluenesulfonic
acid)cyclohexyl, l-methyl-2,6-bis(p-toluenesulfonic
acid)cyclohexyl, l-methyl-3,5-bis{p-toluenesulfonic
acid)cyclohexyl, 1-methyl-1,4-bis(p-toluenesulfonic
acid)cyclohexyl, and l1-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)cyclohexyl,
i-methyl-2,2,5-tris(p-toluenesulfonic acid)cyclohexyl,
l-methyl-1,2,3-tris(p-toluenesulfonic acid)ceyclohexyl,
l-methyl-1,2,6-tris (p-toluenesulfonic acid)cyclohexyl,

i1-methyl-2,3,4-tris({p-toluenesulfonic acid)cyclohexyl,

13



e
S

e A

met hyl -1, 3, 3, 5, 5-penta(p-tol uenesul fonic acid) cycl ohexyl,

met hyl -2, 2, 4, 6, 6- penta( p-tol uenesul fonic acid) cycl ohexyl,

nmet hyl -2, 2, 4, 4, 6- pent a(p-tol uenesul fonic 14 acid) cycl ohexyl,

met hyl -1, 2, 2, 3, 5-pent a( p-tol uenesul fonic acid) cycl ohexyl,

met hyl - 2, 3, 3, 4, 6- pent a( p-tol uenesul fonic acid) cycl ohexyl,

met hyl 1 1@ thyh 53 @n%a(&JQ{ﬂﬁggﬁHEP@%Hﬁfcﬁ?ig)aEXﬁl ) Enexy1,

met hyl -1, 2, 3,74, 5- pent a( p-tol'uenesul tonic acid) cycl ohexy

net hyl 11m2thvl 61 penhatp-io{plenssukheria raci @l) agyah @@@Mhexyl

met hyl -1, 2, 3,5, 6- penta(p-toluenesul fonic acid) cyclohexyl, and

nethyllzmgbhxiﬁlpémﬁa@@ﬁaﬂp&ﬂm@uEhaBuifqn:@)acydno@a@dhexyl

xa(p-toluenesul fonic acid) cyclohexyl having a nethyl oup such
1- met hPEERYE 11 43 46 ERd (- ol ueReswlfiornic aeid) o >¢34

-methyl-1. 2 5 5 hex sul f oni acid

et hyl 13EERYE 22 o3 nEXEA S G ISR pe SR ks oSS raRI ey

nEthylllmgt%yﬁjb§3ngﬁgag{ﬂi%%fﬁgﬁgngfonlc acid)cyclohexyl,

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

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

l-methyl-1,2,4,5-tetrakis (p-toluenesulfonic
acid)cyclohexyl, and
l-methyl-2,3,5,6-tetrakis{p-toluenesulfonic
acid)cyclohexyl; penta(p-toluenesulfonic acid)cyclohexyl
having a methyl group such as
l-methyl-1,3,3,5,5-penta (p-toluenesulfonic
acid)cyclohexyl,
l-methyl-2,2,4,6,6-penta{p-toluenesulfonic
acid)cyclohexyl, |

l-methyl-2,2,4,4,6-penta(p-toluenesulfonic

14



3,5, 6-hexa(p-toluenesul fonic acid)
hexa( p-tol uenesul fonic acid)
hexa( p-tol uenesul fonic 15 acid)
5, 6- hexa( p-tol uenesul fonic acid)
hexa( p-tol uenesul fonic acid)
hexa( p-tol uenesul fonic acid)
hexa(p-toluenesulfonic aci d)
a(p-hedalgndohueoasal fonic acid)
oni ¢ acid) cycl ohexyl having a
2,3,3,5,6, 6-hepta(p-toluenesul fonic
4,4 5, 5- hept a(p-t ol uenesul foni c
3 (8- 508 et e bEPBLGenesul f oni ¢
4,4,5, 6-
3,5,5,
&

-1, 2,
31 41 41
3,4,5,

acid) cycl ohexyl, 1- neth
cycl ohexyl, 1-nethyl-1,2
cycl ohexyl, 1-nethyl-1,2

y

3

: 6-

: 5-

cycl ohexyl, 1- nethyl , 2,3, 4,
cycl ohexyl, 1-methyl-1, 2,3, 3,4,

cycl ohexyk.i db- pahekya“2,3,4,6

cycl ohexyl, 1- nethyl 3,4,4,5, 6-

cyclohexykmaﬂnyl—menhyh3lELﬁbﬂ
u

2

2

2,

| foni

cycl ohexyl ; hepta (p-tol uenes
met hyl gﬁ@& mcqnl@ exylmet hyI
aci d) cyc¢l ohe 1-nmethyl -1, 2,
acid) cycrBf 1 1« frethy | 62??—,%

5-
el yabeads Y 1 2 2

acid) cyglabemyil - 1,3,4,4,5 pent

hept a( p-t ol uenesul foni c
6- hept a( p-t ol uenesul foni c

(p-toluenesulfonic
acid) cyclohexyl,
1—methy1?1,2,3,4,5—penta(p-toluenesulfdnic
acid) cyclohexyl,
l-methyl-1,2,3,4,6-penta({p-toluenesulfonic
acid)cyclochexyl,
i-methyl-1,2,3,5,6-penta(p-toluenesulfonic
acid)cyclohexyl, anad
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)cyclohexyl,
l-methyl-1,2,2,4,5,5-hexa(p-toluenesulfonic
acid)cyclohexvl,
l-methyl-2,2,3,5,5,6-hexa(p-toluenesul fonic
acid)cyclohexyl,
l-methyl-1,2,2,4,5,6-hexa(p-toluenesulfonic
acid) cyclohexvyl,
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) eyclohexyl,

l-methyl-1,2,3,4,5,5-hexa(p-toluenesulfonic
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1-nmethyl -2, 2, 3,4,5, 6, 6-hepta(p-tol uenesul fonic acid) cyclohexyl,
1-nmethyl -1, 2, 3, 3,4, 6, 6-hepta(p-tol uenesul fonic acid) cycl ohexyl,
l1-methyl-1,2,2,3,5,5, 6-hepta(p-tol uenesul fonic acid) cycl ohexyl,
1-nethyl -1, 2,2, 3,4,5,5-hepta(p-tol uenesul fonic 16 acid) cycl ohexyl,
1-nethyl -2, 2, 3,4,5,5, 6-hepta(p-tol uenesul fonic acid) cyclohexyl,
1-nethy|1gsgaﬁ@gcﬂoﬁe§ epta (p-toluenesulfonic acid) cyclohexyl,
1-nmethyl -1,2,3,3, 4,5, 6-hepta (p-toluenesul fonic acid) cyclohexyl,

and 1-metthyletdhyl 32424 ,35, 6, hept Bekp-(kolHeenesyt fanicen iaci d)

cycl ohexyl; octa(p-tol uenesul fonic acid) cyclohexyl having a nethyl
group su@hﬁa%)cﬁchehhybﬂz 2, 3 3,5,5,6,6-octa(p-toluenesul fonic acid)
cycl ohex 1-methyl-1,2,2,3,3,4,5 6-octa (p-toluenesul fonic acid)
cycl ohex§| methl p v2132%%: 3- ReBad podt(GEne BRLERESW foni ¢ aci d)

cycl ohex 2,3,4,5,6,6-octa(p-toluenesul fonic acid)
cyclohex%F db 2%# fy"2,3,4,4,5,6-octa(p-toluenesulfonic aci d)

cycl ohexylpmekeipi Dyl 2102.33,83, £ Re2a G2 AR A OLHERESY!S ONI C
acid)cyclohexyl,
il-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
acld) cyclohexyl,
l-methyl-1,2,2,4,4,5,5-hepta({p-toluenesulfonic
acid)cyclohexyl,
l-methyl-2,2,3,3,5,5,6-hepta{p-toluenesulfonic
acid) cyclohexyl,
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) cyclohexyl,
i1-methyl-2,2,3,4,5,6,6-hepta(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,3,3,4,6,6-hepta(p-toluenesulfonic
acid)cyclohexvyl,
l-methyl-1,2,2,3,5,5,6-hepta{p-toluenesulfonic
acid)cyclohexyl,

i-methyl-1,2,2,3,4,5,5-hepta(p-toluenesulfonic
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acid) cyclohexyl, and 1-nethyl-1,2,2,3,4,5,5, 6-octa(p-tol uenesul fonic
aci d) cycl ohexyl; nona(p-toluenesul fonic acid) cyclohexyl having a

nmet hyl group such as
1-nethyl-1,2,2,3,3,5,5,6, 6-nona(p-tol uenesul fonic acid) cycl ohexyl,
1-nmethyl -2, 2,3,3,4,5,5, 6, 6-nona(p-tol uenesul fonic acid) cycl ohexyl,

17 1- nethyé é)ég% %FéTéQP 6, 6- nona( p-tol uenesul fonic acid)

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

cycl ohexyl métﬁyllhml 2,2,2,8,8, @’-@ei’)tﬁi g_@n@&pué%meﬁ%iem ¢ acid)

cycl ohexyl, and 1- nethyl 1, 2 2,3,4 6- nona( p-t ol uenesul foni c
aci d) cyahnhékgyphmhﬁﬂxixoluenesulfonlc acid) cycl ohexyl having a

nmet hyl group such as
1- met hyl -ixmehylala 25 & %, 6- Qeéa@;ﬁ‘»ﬁtcﬁ tenesiheoriser L o iy
cycl ohexyl nd. 1- n%FQyI 1,2,2,3,3,4,5,5, 6, 6-deca(p-tol uenesul fonic

aci d) cy&THikg¥clo

1- met hyl 3q t ol uenesul f

cycl ohexy n?eg]]%ggiroxy Iéfsb‘?s?pgt g%@a%ri%lg%ﬁl%neg& OIE:J;/‘EI ohexyl

1- hydr ox-cd, B di-8  BrlkahMenesyhfonic acid) cycl ohexyl;

1- hydr oxy- 3, 4- bi s(p- t ol'uenesul f oni c aci d) cyclohexyl;

1- hydr oxy~IneS:1oy5 ¢ p, ol3yenes s f eAheptacipht syceaBeWfonic

1- hydroxy- 2, 4- bi s(p-tol uenesul fonic acid) cycl ohexyl;

1i - hydroﬁ@#ﬁf?iw pperalluermsiuk fpnteoluenesulfonic a01d)cyclohexyl

having a methyl group such as
i-methyl-2,2,3,3,5,5,6,6-octa(p-toluenesulfonic
acid)ceyclohexyl,
i1-methyl-1,2,2,3,3,4,5,6-octa{p-teoluenesulfonic
acid)cyclohexyl,
1-methyl-1,2,3,3,4,4,5,6-0octa(p-tecluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,2,3,4,5,6,6-octa(p-toluenesulfonic
acid)cyclohexyl,
l-methyl-1,2,2,3,4,4,5,6-octa(p-toluenesulfonic
acid)cyclohexyl,
l1-methyl-1,2,3,3,4,5,5,6-octa(p-toluenesulfonic
acid}cyclohexyl, and
l-methyi-1,2,2,3,4,5,5,6-0octa(p-toluenesulfonic
acid)cyclohexyl; nona(p-toluenesulfonic acid)cyclohexyl
having a methyl group such as
l1-methyl-1,2,2,3,3,5,5,6,6-nona(p-toluenesulfonic
acid)ecyclohexyl,
l1-methyl-2,2,3,3,4,5,5,6,6-nona(p-toluenesulfonic

acid)cyclohexyl,
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aci d) cycl ohexyl; 1-hydroxy-2, 6-bis(p-toluenesulfonic acid)

cycl ohexyl; 1-hydroxy-1, 4-bis(p-toluenesul fonic acid)cyclohexyl;
1- hydr oxy- 2, 5- bi s(p-toluenesul fonic acid)cycl ohexyl;

1- hydroxy-2,4,5-tris(p-toluenesul fonic acid) cycl ohexyl;

1, 3-di hydroxy-2,4,6-tris(p-toluenesul fonic acid) cycl ohexyl;

1, 3, 5-triphydroxys 27406t I s{ ps t ol gepesul f.oni ¢ j exyl; 18
1, 4- di hydr oxy- ,3,5f63E%f%§i1%t%i?6Pu2%3%5C¢o%?gﬁgggﬁ Cj%cc%tgjr%hexyl;

1- hydr oxgc4-amei Yyl oBesyhi, s(p-tol uenesul fonic acid) cycl ohexyl

1- hydroxy-4-nethyl -2, 3,5, 6-tetrakis (p-toluenesulfonic acid)

cycl ohexyl-mek My Wi hydr, @x\3-,2 5t db net By ho3 6t sol pehebudrfesid & oni ¢
aci d) cycl ghexyl and so on. Anong them bis(p-tol uenesul fonic acid)

cycl ohex$Fi8iFY e PBEBYtlol uenesul fonic acid) cycl ohexyl are
preferab -tol uenesul foni c acid)_ cycl ohexyl,

e. A g.them _1,2-bis(
1, 3- bi s( ba-‘{“&tdjé’ st ?oﬁi'é '2oi ) cgcﬁaﬁé’m {p-toluenesulfonic
1, 4-bi s(p=tal HC i d) cycl ohexyl and
1,3,5-tr?§ gvt Iueﬁ%é%??dn?%hgcid)cyclohexyl are nost preferable.
Further, 1ingkessh of , 8, grauR GOMré skdfonk Gl MenesHLEORifGRcl d, there

may be said conpounds but having a group conprising:

1- napht hatédé¢sytd ol exgdi; d de & aphd bakeresill foni€ aetd) cyclohexyl

p- xyl ene- 2-sul foni ¢ aci d,
having a methyl group such as
l-methyl-2,2,3,3,4,4,5,5,6,6-deca(p~-toluenesulfonic
acid)cyclohexyl, and
1-methy1—1,2,2,3,3,4,5,5,6,G-deca(p—toluenesulfonic
acid) eyclohexyl;
l1-methyl-1,2,2,3,3,4,4,5,5,6,6-undeca(p-toluenesulfonic
acid)cyclcohexyl; l-hydroxy-1,2-bis(p-toluenesulfonic
acid)cyclohexyl; 1-hydroxy-2,3-bis(p-toluenesulfonic
acid)cyclohexyl; 1l-hydroxy-3,4-bis(p-toluenesulfonic
acid)cyclohexyl; 1l-hydroxy-1,3-bis(p-toluenesulfonic
acid)cyclohexyl; l1-hydroxy-2,4-bis(p-toluenesulfonic
acid) cyclohexyl; 1-hydroxy-3,5-bis(p-toluenesulfonic
acid)cyclchexyl; 1l-hydroxy-2,6-bis{p-toluenesulfonic
acid)cyclohexyl; 1l-hydroxy-1,4-bis(p-toluenesulfonic
acid) cyclochexyl; 1-hydroxy-2,5-bis(p-toluenesulfonic
acid) cyclohexyl; l-hydroxy-2,4,5-tris{(p-toluenesul fonic
acid) cyclohexyl;
1,3-dihydroxy-2,4,6-tris (p-toluenesulfonic
acid) eyciohexyl;
1,3,5-trihydroxy-2,4,6-tris(p-toluenesulfonic

acid) cyclohexyl;
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2,4,6-trinmethyl benzenesul foni c acid,

2,4,6-triisopropyl benzenesul fonic acid, 2-nesitylenesulfonic acid,
4-tert-butyl benzenesul fonic acid, 4-nethoxybenzenesul fonic acid,
4- et hoxybenzenesul foni ¢ aci d, p-phenol sul fonic acid,

2- chl or obenzenesul foni ¢ acid, 3-chl orobenzenesul fonic acid,

4- chl or obenz {,C 5aG) 2:Dj el | f Qni id,
3-nit robgﬁgeﬁgsu f%ﬁ? gc’?d, ' %??]?JE%%gg%ﬁéngcg%ﬁ%ﬁfag%%%%&lc
2-ni trosabedenesubhenig ; acid, 3-nitrosobenzenesul fonic acid, 19
4-ni trosobenzenesul foni c acid, 2-sul fobenzenesul fonic acid,
3- sul f obénkydesuty oht neativd, - ¥-Stbf shprzenesiid oni €onaei d
2- car boxybenzenesul foni ¢ acid, 3-carboxybenzenesul fonic acid,
4- car box§BeR2 EYeskPR®¥YE i aci d, 2- cyanobenzenesul fonic acid,
3-cyanob Déﬁﬁ?S“'fo ic . acid, 4-cyanobenzenesul fonic acid

n

2- ami nob EQtY ohi BEEAYiLT 2 /3 civi hobBhEEksUIB ohpdugaegul fonic

4-am nobgnzgnesi4f acid, 2-ammoni obenzenesul fonic acid,
3-annonio§en2e esui#d%Y%'acid, 4- ammoni obenzenesul fonic aci d,

2-trimet hyh agueRIASAZLReSUl UL g, 6-bis (p-toluenesulfonic
3-trinmet hyl anmoni obenzenesul foni ¢ "aci d,

4-tri metdyidimyeilaienzeheanldf &t omci Bmorgf ehew benzenesul foni c
acid, 3-fornyl benzenesulfonic acid, 4-fornyl benzenesul fonic acid or
the |ikeP1afBn§olhEne 2l fandla eraval) veclohexyrlowmndonpri si ng
p-tol uenesul fonic _acid, a ggoup conprising one of the followings is

parti cul }ﬁ(BFER&%ﬁﬂ%FFl Rafhtifat TheR el PHF*Y lack s preferable.
Z-namﬂrﬁﬁgﬂgsghg%v(i?§Lgis(p—toluenesulfonic acid) cyclohexyl,

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-trilisopropylbenzenesul fonic acid,
2-mesitylenesulfonic acid, 4-tert-butylbenzenesulfonic
acid, 4-methoxybenzenesulfonic acid,
4-ethoxybenzenesulfonic acid, p-phenolsulfonic acid,
2-chlorobenzenesulfonic acid, 3-chlorobenzenesulfonic
acid, 4-chlorobenzenesulfonic acid,
2-nitrobenzenesulfonicacid, 3-nitrobenzenesulfonicacid,
4-nitrobenzenesulfonic acid, 2-nitrosobenzenesulfonic

acld, 3-nitrcesobenzenesulfonic acig,
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p-xyl ene-2-sul fonic acid, 2,4,6-trinmethylsulfonic acid,
2,4,6-triisopropylsulfonic acid, 2-mesitylenesulfonic acid,
4-tert-butyl benzenesul fonic acid, 4-methoxybenzenesulfonic acid,

4- et hoxybenzenesul fonic acid, 4-hydroxybenzenesul fonic acid or so
on. As the filler used in the present invention, a filler such as an

organi ¢ jLLk 6E§% Loar I may, b th r anlc
fi?ler, %oblegénp éﬂzhﬂggﬁiyéﬁgé % édzﬂogﬁt%%aﬁﬁge %ﬁ%ﬁ%ﬁa
powder, pewders3 OfsuQ@b%ﬁé%%@ul f@h@!@éﬂas of 1d,nge 5Béh&en%(}f dfjcﬁ%h

pi eces of cloth and so on. One or nore of them may be use

i nor gani @chdl,| &~ caBokpbearamseylfbrie amyide |isted powdery filler
such as gl ass_ beads, glass powder, cal cium carbonate, talc, silica,
aIuninuﬁ?h?éﬁ@ﬂﬁﬁﬁe%$§?eéﬁdﬁﬂﬂ%ﬁ d¢bdoud hdﬁhﬂxghehzameaykfﬂnlc
fiber and c n_fibe and so on. One or nore of them nmay be used.
However , ’f T?Eﬁnai’s&%%%%l pPBIEMCLIE ndetyarePenaenasufianic o

such ex S e ettln si,n _conpasition of
presentqgﬁ%ghf%ﬁ%yéBBP%gresgg% 8n155gﬁ55t§ 5?”&8?@%?28F6§H%£%n10
novol ac-dype, m“%ﬁihgbé%§éﬁeéﬁfﬁghﬂb &qu (Héﬁkaégﬁ @ﬁfgonf§
pol yacetal resin is preferably 10 parts wel ght “an € maxi
conpoundungdanﬁumﬂmmﬁnﬁmhéﬁzahﬁﬁdﬂIoﬂE@tacaﬁ,melght. When t he
conmpoundi ng anount of the polyacetal resin is |ess than the m ni num
anmount , %ra%ﬂpﬂﬁ@hﬁnZQnﬁ$uéfpan@ eyl dpt 4 bemolboirdi sleeh z¥hes ufifenic

conpoundi n unt _.exc t he maxi num amount, a gas yield during
cuang|%1$éaggs§§}@%F 5f@ BREPLORaNZ e RS Hp SRl 18 a cured

product .3 _ tr1methylammonlobenzenesulfonlc 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, Z2-naphthalenesulfonic acid,
p-xylene-2-sulfonic acid, 2,4,6-trimethylsulfonic acid,
2,4,6-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,powdercﬁfcuredproduct
of thermosetting resin, shredded pieces of cloth and so on.

One or more of them may be used. As the inorganic filler,
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As for the curing catalyst represented by the general formula (1),
Wi th respect to 100 parts by weight of the novolac-type phenolic
resin (a) , the mninmum conpounding anount is preferably 0.5 parts
by wei ght and the nmaxi rum conpoundi ng anount is preferably 20 parts
by wei ght. When the conpoundi ng amount of the curing catalyst is

l ess th ] uffiel ri r

oo, Lo ey S TR AR AL, 12 SHLL LRGN L8 J B Ry Dol 0
mat eri al e HhsCony Pk HET HAFadP! 410 PEn USRG-Hdhat bEr MMSEL L | R 1ML De
limted fromthe viewdint of corrosion. As the conpoundi ng anount
of the falweinuw hiydrespetd, Slat0ad@0npaat sfobrbes mavidleace-dwyie as
phenolic resin, the polyacetal resin and the curing catal yst
represerik@ispyfiber gorkrearbonmiidperl) andesmi annundPasogn moye of
prefer abI%e 30 parts b%weilght and the maximum anmount, i s _preferably
400 part %W%ﬂ@ﬁut‘?s en EREC¥EApoLRG Agldfdums§d eddia pHeSaHe
m ni num, . i cal .stren of _a |ded article, whichis a
cured. praiert 5P e thes nbabE e HeerRolCahate e Bn, ey be

i nsuf ficient. Mer‘fc}ﬁetﬁé’”@ﬁ%ﬁ{ t@i@&”&e%&&e%%oﬁ%iﬁ%hma’f the

anount, flowability during nolding nmay decrease soO as to cause

def ecti yarddéhtngnttenitign Mot dingre fseter tbheobhparesetdy RE IEs
conposition of the present invention, resins such as a phenolic
resin domprigvagacommyuepi=mohec readnt héhsbovier imuni onagounding
conponents, an egoxgL resin, a cyanate resin and_so on may be used as
needed. AWM n AL sEBFe PMIYEF Hoes REE1&f fiecpreferably 10 parts by

weight and the maximum compounding amount is preferably 30
pvarts by weight. When the compounding amount of the
polyacetal resin 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 curing 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
novolac-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
obtained. When the compounding amount exceeds the maximum
amount, materials of contalners 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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the present invention, additives to control f lowability and
solidification properties such as a curing agent and a curing
cat al yst each conprising conponents other than the above-nentioned
conponents, a thickner and so on, and further various kinds of
‘additives used in thernosetting resins and thernosetting resin

conposi ti_ans ch as_a silan coupl iin ent, colorant, a fla
re':rgr dantC a1§§I e%%létsag%%t tzlﬁd %888&3%3'3%3&8 uSEEIARSLF o S the

t her Msetii . Do y . .

o part| B ARqEERT FORERRAL Bheunlho Bptiier BEERd A e AUk
novol ac- G AENDbEAUNESI () , tdiee RRl ¥ aRehabrlRSit aNGbEde 8HBIRI3 0
catal yst represented by the general fornmula (1) . For increasing the
curing r@egts 22y heetydt, and ithepmefetmbheamoupreligripwss féyabrist 4a0d
m x the novol ac-type phenolic resin and the pol yacetal resin to be
in a uni PELRS LAt ity e dithd I onmengdihg suovmg isal glsgsthan

represented by the general fornula,(1), therein. The novol ac-type
phgnol i cE?‘@s’l‘#éﬁ‘&“’?ﬂ&%&lty%%gﬁﬁnﬁgéi)lnstﬁﬁ%%?@eﬁaﬁﬂﬁdx%ﬁt?ﬁlér

reaction el .at Lfhe er whi¢h ji.s_higher than the nelting
bo nt s of FERa 1 &5 ns vt el & oafes theyt IF oo T b8 e PGy BRa 1
m xed bycoRlEOfiod, Kigadele SUEBuaT 12 RALSSUrghKReRGQS .cShnpOhhdidg
cokneader, a twin screw extruder or the like. The thernpsetting
resi n coaposiit oaxokedre phesamxinnwemmonnean Heowhbailied f@tring
exanpl e in such a manner that the novol ac-type phenolic resin, the
pol yacet BPLlAdsichmaydiecheass sa T acat yocerdpfeseavedt by lihg genénal
formul a &1& .are mxed together with a filler in some cases or
various BOtding.

As for the thermosetting resin composition of the
pPresent invention, resins such as a phenolic resin
comprising compqnents 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, additives to control flowability and
solidificationproperties suchas a curingagent anda 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 a silane
coupling agent, a colorant, a flame retardant, a release
agent and so on may be used.

Ag 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 represenﬁed

by the general formula (1). For increasing the curingrate,
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kinds of additives if required by nmeans of a conventionally known
m xer and then kneaded by neans of a kneader as nentioned above,
foll owed by cooling and then pulverizing so as to obtain the

t hernosetting resin conposition of the present invention. The
nmechani smthat extrenely increases the curing rate of the

t her nosey g, L £5111% Egnﬁgékfte'r%% 0%] tohﬁ'rt:%ﬁ‘ﬁn Hard % %Qtahn nd3cLgar-

However, the reason see e ra

pol yacet alovicasd d- t?pd%@l@@’ﬁ@i@@ E@s:.&r gducent 8@&/@.@:@&%@. b dihe o pe
catal ytic action the curing catalyst represented by the general

formul a ¢b),a wmifiorfurattd tasbesoredexaddbngi tEroh migeher afty ©hring

pol yacetal resin, is remarkably faster than the rate at which

hexaneth?ﬁéﬁéﬁﬁﬁeﬁﬁm@esﬂnt@@|hyrﬁh&nﬁ&wensédfagmmlanﬁkx)tHBraant
, .18 deconpposed to produce

of novol enollc re

f or nal deﬁ@&e an‘ér YRS Pgﬁnﬂ;}elccﬁ?%nr@&ét £Bf Pelviare i bdaeedn
f | d | |

catalyst 932’%}%@%?5&3‘9 %ﬂgiﬁgé‘aeg%%*é%a B DR R e S5 1 e e st T have
the catapibch aethofnekt thénCQHz\éerﬁ'élQE‘ﬁF;l %o&ﬂ@@qo%h@fuearé)gk?{gcﬁfie

resin is added to a novol ac-type pheno resin. For exanple

addi ng pheneliing esithdp PoEyavetabe aRiltad aAdOKEERIE Gy adthbi ber
(e.g. Japanese Exam ned Patent Application Publication No. Sho.

49- 42662‘:)L ke pfiaxi ahFR oFi anprdstume knieEie npraverl bt abiddknedder,
bi axi al tentatlon co r|5|ng_ pol yacetal resin and novol ac-type

phenol i ¢ rB¥H EELLY FApRHESE Pt ehte Appiccat i on | ai d- open (JP-A)
No- Hei. 5- 9803’.??1(3%91118@%@%11{9? r%%tleﬂ %oq'nptélglgo | as% t%e present

invention can be obtained for example in such a manner that
the novolac-type phenolic resin, the polyacetal 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 required by means of a conventionally
knownmixer and thenkneadedbymeans of a kneader asmentioned
above, followed by cooling and then pulverizing so as to
obtain the thermosetting resin composition of the present
invention.

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

hexamethylenetetramine, which is normally used as a curing
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fl ame-retardant polyacetal resin by incorporating a novolac-type
phenolic resin in a polyacetal resin (e. g. JP-A No. 2002-212385)
are disclosed. Also, a strength inproved phenolic resin nolding
conmpound cont ai ni ng a novol ac-type phenolic resin, a polyacetal
resin and a reinforcing material is disclosed (e.g.

JP- ANo, Q02" 25344} o 1 HUMEMASe phidgliald tapigve fdeqbuaidtoita

thernosetting resin by incorporating a polyacetal resin’in a

novol asrbype plierdldltieigde 0 Wrihelle rTakenfot iehpahyated aleaetsion
deconposed and are conpletely different fromthe thernosetting resin
conpose fitdre pyrabmedfotral debygeesehl tihavpavicdme vkyeph phienel¥ed by
al l ow ng fornal dehyde produced by di sconposing _a polyacetal resjn to
react WFEANa nbRel SR FREFNITEL FeSLesSeMteRe BBf heRehHRPCLE

hod_ of dugcj I - 24 ph | i i al i
henol To-TENGer o (5 PBaBE R H ¥ 2 iBBry Seth A 1hY B Fo AT bsed
(e.g. JP-A Nog ﬁ]oconééﬁ%§8§ﬂa5ml32%95%ﬂ3éﬁét Q%oa QleiZ2D3/dain
However, they a use a polyacetal resin as a material for producing

a novpkagahype Rhendd¥ol sl RyRd Hen60Ip! ekelivi di fifar entamfrom t he
present invention which obtains a thernosetting resin conposition

havi ngp@diext phemlol fasteximing palgabytalsiveg i pod yar ezl daesén as
a curing age_nt of a novol ac-type phenolic resin. The thernosetting
resi n kBApBItGon (6 % he JgRedepte | BYaRiR6A hB3 tam tex ARENEIGAT QR

U 0 TRLS A0 R ALY o ORAGES) VATLOUS QU SO e U
with improved stability in biaxial orientation comprising
polyacetal resin and novolac-type phenolic resin (e.g.
Japanese Patent Application laid-open (JP-A) No. Hei.
5-98039) and a method to obtain a thermoplastic
flame-retardant polvacetal resin by incorporating a
novolac-type phencolicresininapolyacetal resin (e.g. JP-A
No. 2002-212385) are disclosged. Also, a strength improved
phenolic resin molding compound containing a novolac-type
phenolic resin, a polyacetal resin and a reinforcing
material isdisclosed (e.g. JP-ANo. 2002-275344}). However,
they all improve the function of a thermosetting resin by
incorporating a polyacetal resgin in a novolac-type phenolic
resin 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 polyacetal resin to react with a novolac-type phenolic
resin.

On the otherhand, amethodof producing anovolac-type
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The thernosetting resin conposition of the present invention can
beconme a cured product by heating at 50 C or nore, preferably at 80
to 200 C. Exanples 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 "% Btianed i 4 111004 5 nd_conparative exanp] es
denot e "%glrtg r}';e/t'd\IJ\J/ee:ﬂgg:lhﬂtp(?D}I g%&%\%}dr}g%/ p\%ﬁ%{ﬁifér@%ﬁgﬁ?%&ﬁr?§§ﬁt‘ﬁgg#s
exanpl e 4) poIgxbeeaiof rdQ9npard s afs Pseol, RS par i1$ - %0
formalin and I1]i'rpart of oxalic acid V\s/as react e(c:iéga 18%? ﬁérs thsr%%'
hours. A5Beddw&S mi Xt wee2vhas 2gbtaaidiexh ows1228339hj edlovedrer, they
dehydration by distillation under normal pressure to be a

t enper at@&té BFe140 Pl vargether reshie menct amtarkalr forwasrslbjEeg 40

distillation. under reduced pressure. to be a tenperature of 230 C
whi | e gr%ﬂﬁaﬂﬁf‘r%ﬁﬁiﬁ@e?ﬂ 16r E8Sure 20D Y KPP LeEELlovet Hierent

r enovi ng e e 3 .obt ai. ni 2 parts _of,a_novol ac:type
phenol -f%irl%l ggﬁy%ﬁ% N g%ﬁﬁéog ?&%Cgﬁi%%t%b?ﬁtao{:hgf“@%%
electric i GO, IV f usne f / - '
xanpl e 2 K e g e e et e S AP e
formal i msihdg® poiardcotadxadd tnacd @ M@ihga&%éﬂtaéf E0RoGo fd-dhsee

hours. After adding 10 parts of nethanol and 20 parts of distilled
wat er, theeRPkigr &asistmi xed and left for two hours. From a reactant
m xture thus o‘l;_)rthai n%d, , _ o
e 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 °C.

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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supernat ant water was renoved. The reactant m xture was then subject
to dehydration by distillation under normal 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

i . ( t ai.ning. 90 f | ac-t
Chanol [P SR LEGAR0E 1 olsy ALY I POnR A S Rox Bl B En 880 EPe
el ectricab B@@d@l@zﬁ%gkbﬁt@e 88UEHHS ceXt FRGt i 8 +HLhE céﬁ? £4EQRe

exanple 1) 100 parts of the novol ac-type phenoi-fornaﬁdeh e resin

obt ai nedwiars Sy jessi st @xairpke 12 anitbR Oufde ks reldu e £ aod y88Eet ¥Behe
pol yacetal resin (product nane: Tenac-C4520; manufactured acturedby:
Asahi Ka3diepepatitie o kidd” Endiin « ga agtuall80y €efdare B30s rheupesssure
foll onwed _by placin 26_0n a cold tray and being rapidly cool ed, thus
obt ai ni n§®1f8 ? éﬁ%ﬁ‘g 5 B 13%@ R n¥ RUGVE R PHRERREESS Shanrh. 25hess

per Ol oBATILLSL At4L e o5 o ALBT T L, SRR TUST Palh, 400

Preparaton éxa exc , : i
B Tored Coothe  Nous) oo 3he  hanBEAFar ol dahy g LI dotr et

altered to the. novol ac-type p

Synt hesi scadamlierilty ¢Praducidion exawpke r 100 pasyemof the
novol ac-type phenol -formal dehyde resin obtained in Synthesis exanple

2 and 20 parts ofSynthesdpolepmmpleype pol yacetal resin (product

nane: Delrin 500 NCO010; manufactured by DuPont) were nelted and
m xed at 190 c& 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 left
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 psS/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

meltedandmixed at 180 °C for 30 minutes, followedbypiacing
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for 30 mnutes, followed by placing on a cold tray and being rapidly
cool ed, thus obtaining 118. parts of a molten mxture. (Exanples 1
to 14) Materials conpounded in the ratio shown in Table 1 were each
pounded and mixed in a nortar at a roomtenperature of 25 C for
three mnutes to obtain thernosetting resin conpositions. Using the

th tt] | i £ions _thus .obtai ned al uation, of gel
i mer whi OB T SN ERGE B0 PEgf % REPAIING CPIae! - Vel A Tl L
time is npasgkeds Ehendivenrgquiigd. for 1 g of a sanple placed on a

hot plate at 110 C or 170 C and continually stirred with a spatula

to be non-stringy ravetiahesn! efdaimid & ey spatula fromthe sanple. As
the tinme required gets shorter, the curing rate gets. faster. [Table
1) 27 L pO N OldaN@&Erytsaofla MANH@18 mixCup® wald MbEXSikkel OnStis

a pQ © Nsoan?e It\zlla:rg)noer as in the Preparation example 1 except that the
novolac-type phenol-formaldehyde resin obtained in
Synthesis example 2 was altered to the novolac-type
phenol-formaldehyderesincmtained;h1Synthesisexamplel.

(Production example 3)

100 parts of the novolac-type phenol-formaldehyde
resin obtained in Synthesis example 2 and 20 parts of a
homopolymer-type polyacetal resin (product name: Delrin 500
NC010; manufacturedbyDuPont) weremeltedandmixedat 190 °C
foxr 30 minutes, followed by placing on a cold tray and being
rapidlycooled, thus obtaining 118 parts of amolten mixture.

(Examples 1 to 14)

Materials compounded in the ratio 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 cut. Gel time isnmeasured
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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: 7
NV N.V. ti N. mcmM<nC-1 nkm C~
C~ Er. EEEItd c 0OQCOmoZCOU~ nUZ6 - 2S (Conparative
Examples 1 to 3 C%Péfﬁa?l@%oﬂ%@ﬂﬁé@@ iln the3Yati o shown in Tabl]tca 2
were each pounded_ and xed in a a roomtenperature of 25
C for three ni SPS E@rf'ﬁ FoCAHP R ?r@séi‘ch& FeLidP haipdsieibakle 2

h bt d, | uat
of gol tTaEe AR e anE R nR S PR e B A el S o R

out in the gamm&%&eﬁ:@eelﬁlﬁhﬁeﬁx%fa)'o%%aiﬁa@hér%]os&% n% LT
. parts by weight) Conparativ Conparativ Conparativ exanple e

exanpl e eoepamplteidn®. 3 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 | & example
1 2 3
Novolac-type phenolic resin of
| Synthesis example 1 100 100
Novolac-type phenolic resin of
Synthesis example 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 ¢ 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 heatingroller (manufactured by: Sumitomo Heavy
Ltd.)

Industries, 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 indicatoxr of the curing rate, was
carried out.

Firstly, each of the molding compounds was
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Novol ac-type phenolic resin of Synthesis exanple 1 100 100

Novol ac-type phenolic resin of Synthesis exanple 2 100
Hexanet hyl enetetram ne 20 20 20 Salicylic acid 8 Evaluation Ge

time at 110 C (sec.) 1,840 1,858 1,711 Gel time 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 batcﬁhﬁétgrﬁﬁl)lm)ot aneelgt fogp tramshen meadimg r omwh was kept

b et bR £ A ST AR b £ PAHBE A SRirahied & Mol ebaumraset
Using theg; \MﬁfP gbngm&mo At s epg%'ﬂheedss e"alB‘é&Idé’f 2t x%q{e%% is

har dness, is an indicator of € curing rate, “¢arried out.
Firstly, ré@%s@nﬁ@& lﬁ@'ﬂié‘%%@uﬂﬂﬁe%en@af@éigﬁgrﬁﬁ%%sao'ﬁofﬂe
for transfer nolding, which was kept at 175 C, at a pressure of 20
MPa to pmodudeel proohdadbpratect 0 o bd. MAYP thedt iMeofet bi skaessr,
Barcol hardness is represented by the curing tine when Barcol

har dnesstBf cheimgl vedepgsductiazeane 40 or nore. As the time gets
shorter, tg curlng rate gets faster. [Table 3] 30 Table 3 unit::
parts by 3 Exanple Exanpl e Exanpl e Exanpl e Conparative
Conparative
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15 16 17 18 Exanple 4 Exanple 5 Thernosetting resin conposition of
115 Exanple 2 Thernosetting resin conposition of 115 Sanple 5
Thernosetting resin conposition of 115 Exanple 8 Thernosetting resin
conposition of 115 Exanple 10 Thernosetting resin conposition of 115
Conpar ati ve exanple 2 Thernosetting resin conposition of 115
Conpar atn‘utﬁesexarrpl e 3 Filler 1 Wod powder 150 150 Y& 1§é?tsjb'§0~ebﬁ@
Stearicladd "2 3 3 33 J BamplealBBatnd Bidnpie3 21 Cof B
hardnes$ 2 16 23 23 55 32 45 1 mangf a¢t ufed by1$ OITIE,%“V%J, pled
* 2 manuf TEntissefhglesin, Kad Corpofatton|[*3 manuf act ured by. MTSUDI'S
Chem cal cdagpeghonet i on 31 Asisis| clear [fromthe results of Tables 1 o
3, it Exdmped that theg thernpsetting resijn conpgsition of the
Themosefing resin -~

composition of 115
Example 5
Themmosetfing resin
composition of 115
Example 8
Thermosetiing resin
composition of 115
Example 10
Thermosetfing resin
composition of 115
Comperafive example 2
Thermosetting resin
composition of 115
Comparative example 3
Filer ;{}Q‘;"dpmg 150 | 150 150 | 150 150 150
Stearic add (*2) 3 3 3 3 3 3
Carbon black (*3) 2 2 2 2 2 2
Barcol hardness 22 16 23 23 55 32

*1  manufactured by: Otomo Kasei Co., Lid.
*2 manufactured by: Kao Corporation
*3  manufactured by: Mitsubishi Chemical Corporation
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present invention is stable at a tenperature which is lower than the
nmol 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.
I ndustrial Applicability Since a cured product thereof has excellent
properties sucq§§s.hea resi stance, nechanical strength, electrical

properties and bR, CLREY Herolselei A§tEdih OEoRPBAREI dn b Theit

t i i i it ab . | licati f i ch
Pher noset b1 £auBeh s S e e tBhsBtinth 152 EBnbERbrSIH 1P o Hach
as | am ngtedeshehentadiesisves80e 80 21 eféEﬁr%%ﬁi‘E!hei%gfower

applications for which a thernosetting resih conposition nolding

conpoundchas tsedodddmaseapkomiiteapd hss £l egtremeaRanksalopaids,
el ectric and electronic parts and so on. 32 CLAIMS 1. A

t her nosef@t ag t &&ient vApos imd lohi re npreing: Tg, & haoheracde/ipei phered i
resin, a(g&h%acetal resin and a curing catalyst represented by a

general ¢ PATAPR of EhehibEsseE MAvenf iR iRl exRel Jent Rop Rk 1)
RO R4 R%é%dﬁgtﬁgity and moldability.

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 melding compound
iz used such as automobile parts, electromechanical parts,

electric and electronic parts and so on.
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wherein, RL to R12 each denote any of a hydrogen, an al kyl group
having 1 to 4 carbon atons, a hydroxyl group and a group represented
by a formula (2) to (4), and one or two or nore of RlL to R12 are a
group represented by the formula (2) , (3) or (4) and may be the
sanme or different fromeach other; [Chem cal fornula 21 R14 R13 R15
\ S2-0- (2) R16 R17 wherein, R13 to Rl7 each denote any of a
hydrogen, an alkyl group having 1%&3'%arbon atoms, a hydroxyl
group, an al koxy group, a halogen, a nitro group, a nitroso group,
33 a sulfonic group, a carboxyl group, a cyano group, an am no

group, an. amMmoARj tird al kyl I d

r epr esent ed byﬁao%lgéﬁtlege%glﬂga %lésﬁ’ﬂ[“égbﬂ %s‘l o?lqrm %“#Pypng &

(-\\\~. -rsee@maes)tyﬁawpneﬁau1fcor:f@é@n4] aC &pgaeeté&) rd&enkeal a
formula 5] R18 C Il O wherein R19 denotes a hydrogen or an

al kyl grfmﬂplhavcﬁg:aﬂlysb dAepaebentatdnsy hCoemecsd ]l f Dormhdab](1) ,

[Chemical formula 1]

Ri2 Ry
R14 Ro
R1o Rs3 1
1
Ro Ry
Rg Rs
R7 Re

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

[Chemical formula 2]

R1s SO;—0— (2)

wherein, Ris to Ri; each denote any of a hydrogen, an alkyl
group having 1 to 4 carbon atoms, a hydroxyl group, an

alkoxy group, a halogen, a nitro group, a nitroso group,
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R19 OC (6) O wherein R19 denotes a hydrogen or an al kyl group
having 1 to 4 carbon atons. 34 2. A thernosetting resin conposition
according to claim 1, wherein the curing catalyst has two or nore
groups represented by the formula (2) , (3) or (4) as RL to R12 of
the general formula (1) 3. A thernosetting resin conmposition
accordiqg t%. laim 1 or 2, wherein the curing catalyst is a conpound
repr esent &¢t %?/“%ﬁegﬁ%‘ﬁ%ré’}cﬁé‘lhﬁﬂ%l @HOYRW EngY angrdupuPepre SEHIEY by
the for 2) ( or.(4)_as Rl and R3,.a.conpound represented by
t he gene@%&‘l}(’)m S aa%%rﬂ?nﬁév%ﬁé’uf 'gr%u‘brf%?)}{é’&@m%b‘ﬁ gFﬁBpf G%uI3
(2) , ( ( , azﬁgggg d /r8prese d by the general
f or mul aa%rf)% aé%r%%a%?gﬁg rszraesente E%y (Sﬁheo?opénﬁfa (2) , (3) or
(4) as RickediBa1 Fowmgoapeyund represented by the general formula
(1) having a group represented by the fornmula (2), (3) or (4) as Ri,
R5 and R9. 4. A thernosetting resin conposition according to any of
clains 1 , Wherein the group represented by the formula (2) is
a group ) @ﬁ%g_ a formula (7). [Chemical formula 7] CH3 / \
S2-0 (X AtTrermosett-ing resin conposition according to any of
cl ai ns 1, wherein the curing catal yst{ ¥kpresented by the

D

gener al il a (1) is 1,2-bis(p-toluenesul fonic acid)cycl ohexyl,
1, 3-bi s( gf uenesul fonic

[Chemical formula 4]

QQ SO0—0— (4)

[Chemical formula 5]

O

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

[Chemical formula 6]

R1g_0"" (":'""' (6)
0

wherein R:s denotes a hydrogen or an alkyl group having 1

to 4 carbon atoms.
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35 aci d)cycl ohexyl, 1,4-bis(p-toluenesul fonic acid)cyclohexyl or
1,3,5-tris(p-toluenesul fonic acid)cyclohexyl. 6. A thernosetting
resin conposition according to any of clains 1 to 5, wherein the

t hernosetting resin conposition contains 10 to 30 parts by wei ght of
t he pol yacetal resin wth respect to 100 parts by weight of the

novol actype RhEROLS k8% ihg Z*esé,ﬂ &E@%&%ﬁﬁ%%e ﬁ%\%f&fﬁﬁy%%ﬁgﬁ ic

according to any of clains I'to

resin iis awhewelia:c-tﬂy@ecmnﬂj-Eat&&?@ﬂhygssrQ:S,}dl 8bt gidyed B¥oups
reacting phenols with fornmal dehydes. 8. A thernpsetting resin
conposi el egentadinyt shanyfomfuld ais, 1(8d 3r \AeresnrRiheo Ry, of
novolac-%%gﬁaggenolic resin has an electrical conductivity of
aqueous T3 r&HeRe bR Lo89 @ lar (Less. 9. A thernosetting resin nol di ng

conpound conprising the thernosetting resin conposition according to
any of clains 1 to 8 and a filler. 10. A cured product fornmed by

Claime Do 8 arThe o TRSFiaser erey £ Sp s R Rt e fbring

to clai mdkx 2,3herein the curing catalyst is a compound represented
by the general formula (1) having a group represented by
theformula(Z),(3)or(4)asRlandRa,acompoundrepresented
by the general formula (1) having a group represented by
theformula(z),(3)or(4)asRlandRs,acompoundrepresented
by the general formula (1) having a group represented by

the formula (2), (3) or (4) as R; and Ry, 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.
4. A thermosetting resin composition according to any

of claims 1 to 3, wherein the group represented by the formula
(2) is a group represented by a formula (7).

[Chemical formula 7]

CHS—QSOZ—O—- (7)

5. A thermosetting resin composition according to any
of claims 1 to 4, wherein the curing catalyst represented
by the general formula (1) is 1,2-bis(p-toluenesulfonic

acid) cyclohexvl, 1,3-bis(p-toluenesulfonic
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acid) cyclohexvl, 1,4-bis{p-toluenesulfonic
acid)cyclohexyl or 1,3,5-tris(p-toluenesulfonic

acid) eyclohexyl.

6. A thermosetting resin composition according to any
of claims 1 to5, wherein the thermosetting resin composition
contains 10 to 30 parts by weight of the polyacetal resin
with respect to 100 parts by weight of the novolac-type

phenolic resin.

7. A thermosetting resin composition according to any
of claimse 1 to 6, wherein the novolac-type phenolic resin
is a novolac-type phenol-formaldehyde resin obtained by

reacting phenols with formaldehydes.

8. A thermosetting resin composition according to any
of claims 1 to 7, wherein the novolac-type phenolic resin
hasanelectrical conductivityof agqueous extract of 50 psS/cm

or less.

9. A thermosetting resin molding compound comprising
the thermosetting resin composition according to any of

claims 1 to 8 and a filler.
10. A cured product formed by curing the thermosetting

resin composition according to any of claims 1 to 8 or the

thermosetting resin molding compound according to claim 9.
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