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| nj .ection-nol ding for epoxy resin noldi ngs and an P07 s
i nj’ ectyi.on- ol dabl e epoxy resin conposition BACKGROUND OF THE | NVE?\ITIm
Fi el ¢'of the Invention: The presgnt invention relates to a net hod

of 4njection-nolding for epoxy resin noldings and to an injection-noldable
epoxy resin conposition. I\/bre pa¥ th EuCak Fyl C thd predent invention rel ates

tofa nethod ofrjd& emfetmr eeaoﬁ%owyo{% Sxy TRdidi MERiiNgierein a
m ni'-sprue netal nok |asfu§ icH1eholdatdé dpbk CresiaNcdmpskiiib® epoxy resin

Corrp05|t|on S r Enﬂ ossessing latent-type curing charac-
teristics. - Hl\%gélérslué |%§1% 'Eﬁ %t ed Art: It is well known

t hat epoxy regi NSier & BuCbedidn: i N various physical properties such as
heat -resi sting property, abrasion-resisting property, chem cals-resisting

property and the | {ke paRehdindeftioal rR1e4 fo0% n'}éi‘ﬁddob'tsmbb%ﬁ@n-moldmg for EPONY k3
past, a transfer nDIdlng nmet hod is known as a neans nol ding epoxy

resin materi ansiditisCind fo aRPhRPidaldable! B xFSRBR c@ﬁpw@ﬂuctmwet partitdlarly,
transfer nolding, it is ordinary that an epoxy resin conposition is cast
in a pot of atheepedsenmuheenpivnoreldtes nol di mgttwdd cfhm;acuuqn-amlﬂmgnfors epdven rein
pressed by a plunger and cured wunder fluidization within the netal nold.

In this noldi mgldrrmsrmbbrexnow\evrersprae metabmield i$ gsednaniddionen mtxpmmld#hls/ep%ybe
shaped into tab) ets and _a preheat]ng st needed, so that shortenin

the mol ding 58 SOBRAHERD [ultabla dop ek a‘%ﬁ‘i*\?QnP‘PséF%mgt FASEDEARRE rfgiring Horic-
productivity and econom zation of cost naturally limtative. In transfer
nol di ng, mor 598 P ‘there remains such a problemin the course of nolding

that a cull rtD§ Pf?h&k g thé‘REleédprtt in addition to a runner part becones
a waste portion afte The cured cull part is normally
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property and the like and are employed for various uses.

From the past, a transfer molding method is known as a means for rholding
epoxy resin materials which is appropriate in the aspect of productivity. In transfer
molding, it is ordinary that an epoxy resin composition is cast in a pot of a metal
mold prior to molding and the composition is then pressed by a plunger and cured
under fluidization within the metal mold.

In this molding method, however, a material for molding has initially to be
shaped into tablets and a preheating step is needed so that shortening of the molding
cycle cannot be made over a giyen rate, thus making productivity and economization
of cost naturally limitativé. In transfer molding, moreover, there remains such a
problem in the course of molding that a cull part remaining in the pot in addition to a
runner part becomes a waste portion after curing. N

The cured cull part is normally discarded as a waste without being recYcled,
but the waste is not decomposed and thus'_causes an envix."onmental pollution.

In an inj_ectibn—molding method., on the other hand, a th;moplastic-»resin
powder for molding is only chhrged into a hopper Qhereby the subsequent preheating

and weighing operations of ‘the powder are automatically operated in a cylinder and
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powder for nolding is only charged into a hopper whereby the subsequent
preheating and weighing operations of the powder are automatically

operated in a cylinder and 2
the fluidized reinis injected into a neRal nold where curing of the resin
Is effected. In this case, therefore, steps for shaping the nol ding

material into tablets and preheating themare not required and furthernore

a continuous productlon of the noldings becones possjble, thus making
short eni ng offiet Helded drigis cipiered jaios miealagoldoubgse cuping af hthf: HEsip r‘&ﬁéﬁe‘é‘Fd
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mold as shown in Fig. 2 which conprises a manifold part, a m ni-sprue part

and an ej ect gius 4 &dic t® detsupbriorinC (HaVAPEdt BT roddtdn dffitiendyor
I njection-nolding, a part corresponding to the manifold part of the

m ni - sprue netal Howdvdrunedaxgneeinamoldisgr meteainld amployaer heratoflonsadn transfer
mai nt ai ned together at a tenperature where curing of the resin was pronoted
so that the wioldieg gemirfertier pathermaldstabilitys iy the pdindener ghatakreln visgositio gbtieer
in cured state for_every nolding cycle. Such a problemon the

i nj ection- nDF’&Feﬁtj 5r’r’é‘9’°&¥'§oe"tt%€’¥té’lbe‘h€@kP AJEGos- @Pldél}fe“n"tweansf er m)l ding. As
the metal nold is maintai nedgfioa who] e at._ a tepperature c
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so that the gQWEf WEh RMidd OfSpridds! AGAhRHYpd O Maflnitde I3ft and an ejector
plate part. In a conventional metal mold for injection-molding, a part corresponding
to the manifold part of the mini-sprue metal mold functioned as a sprue and a runner
- and was maintained together at a temperature where curing of the resin was promoted
so that the whole manifold part and the sprue part were taken out together in cured
state for every molding cycle.

Such a problem on the injection-molding may also take place in case of the
transfer molding. As the metal mold is maintained as a whole at a temperature
capable of prorhoting curing, the cull part and the runner part are taken out in cured
state together with the moldings.

As the epoxy resin is a thermocuring resin, it cannot be recycled for use once
it has been cured so that the above cured portions incidentally formed with the
product produced on molding have to be discarded as such. The epoxy resin is longer
in rholding cycle as compared with the thermoplastic resin so that a number of
.problems to be improved remain dlso in the aspect of productivity.

 "SUMMARY OF THE INVENTION:

[n. short, a molding material employing an epoxy resin involves not only an



product produced on mol di'ng have to be discarded as such The epoxy resin is
longer in nolding cycle as conpared with the thernoplastic resin so that a
nunber of problens to be inproved renain also in the aspect of .
productivity. SUMVARY OF THE | NVENTI ON: 3. In short, a nolding

mat eri al enpl oyi ng an epoxy resin involves not only an econoni ¢
probl em of a | ow production rate per anmount of the resin used but also a
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epoxy resins,gan he sol ved by increasing productivity and shorteni ng the
nmol di ng cycl% i s anot her object of the present invention to

provide an inject hehs-am g@aht% aB RebJett ' SthB greddRe Shvenfon Woi sravide £xetlddestt
in thermal stability and possesses curing characteristics capable of

rapi dly pronijectign-anéliing foraspokpiresin moldigs!| witetidl prioblemist raidedi ingthe Woderi-n a
cylinder. O her objects, features and advantages of the present

i nventi on wi tibnabansiding rrethed fofl dppx@rpsine rean foeoslvedeby aickeasinggprdesaiivityt amgin.
BRI EF DESCRI PTI ON OF THE DRAW NGS: The present invention will now
becone full yShmtmm thedmnolding ¢ysle. det ai | ed description given herei nbel ow

and the accorrpanyl ng draw ngqs whi ch are given by way of iltustration only
and wher ei n: It is gnogherjogject 4f @mrawaf &Vna%\m r@owﬁe taﬁe‘“lﬁ"ﬁ%%‘hm{?g‘fe of

vi scosity and on th nmeas nt
i nvent i 0% €poxy resier'x compos?tgon gzh{gﬁ is excéHemg in thermal s&btl ity aRd possesses curing

characteristics capable of rapidly promoting curing reaction in a metal mold without
being cured in a cylinder.

Other objects, features and advantages of the present invention will become
more fully apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS:

The present invention will now become fully understood from the detailed
description given hereinbelow and the accompanying drawings which are given by way
of illustration only and wherein:

Fig. 1 is an explanatory drawing on the measurement of viscosity and on the
measuring method of gel time in the present invention.

Fig. 2 is a side view of the whole mini-sprue metal mold used in the present
invention.

Fig. 3'is a section view of the main part shown in Fig. 2.. :

In these drawings, 10 is a manifold part, 11 a sprue, 12 a runner, 20 a mini-
sprue part, 21 a mini-sprue, 22 a product part, 23 a mini-runner, 24 a gate part, 30
an ejector-plate part and 31 an ejector bin.

DETAILED DESCRIPTION OF THE INVENTION:
The present invention has been pr_oposed to achieve the aforesaid objects and is

featured by a method of injection-molding an epoxy resin as a starting polymer using



Fig. 2 is a side view of the whole nmini-sprue netal nold used in the
present invention. Fig. 3 is a section view of the main part shown
i Fig. 2. In these drawings, 10 is a manifold part, 11 a sprue, 12
a runner, 20 a mni- sprue part, 21 a nmgni-sprue, 22 a product part, 23 a
-mni-runner, 24 a gate part, 30 an ejector-plate part and 31 an ejector
pi n. DETAI LED DESCRI PTI ON OF THE | NVENTI ON: The present invention
has been proposed to achi eve the aforesaid objects.and iss, featured.by. a
met hod of i rq SUR-SRFMARERholh ¥9o3) ePUY; Fesifs cOmBQSItQn Sitably yﬁﬁ%abffsf%gthe
4 a mni-sprue netal nold, _and an epoxy,resin. conposition.suitably
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I njection-nolding for epoxy resin noldings wherein an epoxy rein
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a mni- sprue netal nold which is conposed of a manifold part, a .
m ni - sprue panipoditdnaposseysingt arlaghetypepauringaobhradteristios ishehangddaintoad chini-
tenperature at the manifold part is so maintained that the epoxy resin
conposi ti on spsuerpratalnmbldt whighi isrogtposére of @npesifald (part, i & mHpt-spuermerednd and
thereafter the conposition is subjected to injection-nolding. . . In
accor dance VHEHOLTRIRES BArt AR oMhsTalRt the rmetplempldetemperatyreedt the anifold gagtds so
provi ded t he af oreaai d t hod of 1injection-nol dilFﬁ% f-or ef)ong resin nol di ngs
wherei n  t heMAtBtained hat thesRRXY Fesipcomposition 13 fRe db"ﬁacr“tr D80T S {OMROSHOR o m
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i nj ection-nol ding for epoxy resin no
provided the aforesaid method of injection-molding for epoxy resin moldings wherein

the metal mold temperature in the manifold part is maintained from 90°C to 130°C
lower than the metal mold temperature at the mini-sprue part.

In accordance with still another embodiment 6f the present invention, there is
provided the aforesaid method of injection~molding for epoxy resin moldings wherein
the epoxy resin composition is an epoxy resin incorporated with a curing agent, a
curing accelerator and an inorganic filler.

In accordance with further embodiment of the present invention, there is
provided the aforesaid method of injection-molding for epoxy resin moldingé wherein
the epoxy resin is alone or in combination with one or more of o-cresol type epoxy
resin, biphenyl type epoxy resin, naphthalene type epoxy resin and hydroquinone type
epoxy resin.

[n accordance with another aspect of the present invention, there is provided
an injection-moldable epoxy resin composition composed of an epoxy resin, a phenot
resin, a curing accelerating agent and an inorganic filler as indispensable ingredients
wherein (1) a gel time at 80°C is at least [,500 seconds (for example, 1,500-5,000

seconds), (2) change in melt viscosity (the maximum value of melt viscosity/the



the epoxy resin conposition is an epoxy resin incorporated with a curing
agent, a curing accelerator and an inorganic filler. I n accordance
with further enbodi nent of the present invention, there is provided the
aforesaid nethod of injection-nolding fog epoxy resin noldings wherein the
epoxy resin is alone or in conmbination with one or nore of o-cresol type
epoxy resin, biphenyl type epoxy resin, naphthal ene type epoxy resin and
hydr oqui none_type e acc rdanc h another a
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1, 500-5, 000 secon ange In nelt viscosity (the maxi mum val ue

melt vi SCOSigt W1bR€ is not more than 7 (for example, 1-7) within 10 minutes from the §1tlatron
m ni mum val ue of nelt viscosity) at 100 err] Is not nore than 10 (for

exanpl e, 1- WB)viscekith RaskfiementidndS(4) changt i nali tisadsitpr(tief maximamsvdlye of melt
measurenent, (3) change in nelt viscosity (the maxi mnum val ue of nelt
vi scosity/t héscawiny/themmizimuen ofalusebt mailts yirspsigy) reaches 18] @89 CCat deasbtlOmifoe
than 7 (for exanple, 1-7) within 10 mnutes fromthe initiation of
Vi scosity nEXamp rréﬁt‘3‘3n‘ﬂ“}6m)ﬁoc$ﬁ§ﬂ©® frﬁmrrthetmmasle@gft\ysceﬁwe DHeASYTERIER v al ue
of nmelt wviscosity/the m ni rru&n | ue of Vi SC s reaches  at
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100[err]Cis | eas secon In accordance with still

further embodi menh QEoddseePiRE S8l fubthe binBBdintelie of thé Tpré%E&Vianﬂid%U there is
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naredents a phenol resin, a curing accelerator and an inorganic filler as indispensable ingredients
wherein (1) a gel time at 80°C is at least 1,500 seconds (for example, 1,500-5,000
seconds), (2) a gel time at 100°C is at least 1,000 seconds (for example, 1,000-3,600
seconds) and (3) an activating energy for the reaction is at least 12,000 cal/mol (for
example, 2,00-50,000 cal/mol)..

In accordance with yet further embodiment of the present invention, there is
provided the aforesaid epoxy resin composition wherein the epoxy resin is alone or in
combination with one or more of o-cresol type epoxy resin, biphenyl type epoxy
resin, naphthalene type epoxy resin and hydroquinone type eraoxy resin.

DETAILED DESCRIPTION OF THE INVENTION: |
<Method of molding an epoxy resin composition>

An important technical feature of the first invention of the present case resides
ir1 injection-molding of a specific epoxy resin composition using a mini-sprue metal
mold maintained at a specific temperature. According to this feature, the resin
existing in the manifold part is at all times maintained in a fluid state without being

cured so that the resin becomes continuously injection-moldable. Further, a cured



wherein (1) a gel tine at 80[err]Cis at least 1,500 seconds (for exanple,
1,500-5,000 seconds), (2) a gel tinme at 100[err]Cis at |east 1,000
setonds (for exanmple, 1,000-3,600 seconds) and (3) an activating energy
for the reaction is at least 12,000 cal/@&vol (for exanple, 2,00-50,000

cal /nol).. In accordance with yet further enbodi nent of the present
I nvention, there is provided t he af oresai d epoxy resin conposi tion wherein
the epoxy resin is alone or conbination with on nore of o-cresal
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feature, the Tresi he part is at all tines
mai nt ai ned 'fMﬁ'qu %&d“ﬁ@tﬁol#t hout being cured so that the resin becones
conti nuously 1nj e I on-.nol dabl Further, a cured

6 solid other tRametdiemor deed nﬁomécunjéc&ioaninmdirfgorafth@ FralentS MiveALPRT i
and the mni- runner part so that the nolding cycle nmay be shortened with
i ncreasi ng tdoastratted,0ds shmwadincthie \thdiy patthsestiab vizivnofnBiga 2u by Gumamfdle partwit, ch
has never been obtained in the conventional injection-nolding of )

t her mopl.ast i x mimsspree parthandsan gjectoe pidte padt30. The manifgldrpartal0 fotemprissd i n
the injecti on nol di ngl of the present | nvention is_ constructed, .as, shown in
the mai n par® &&BFeohl gndw mnner 42, and pyremperarire of Fhisapart 1pso mpintained dhatye
part 20 and an ej ector, pl at rt 30. The manifold part 10 i
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other hand by cooling with a cooling water.

In the present invention, it is important that the manifold part functions as a
zone controlling fusion of the epoxy resin and does not participate in curing of the

~ epoxy resin.

Consequently, the epoxy resin ekisting in the sprue 11 and the runner 12 both
constituting the manifold part can be maintained at all times in fluid state, without
being cured, so that the resin is not taken out together with the moldings and is
continuoﬁsly subjected to injection-molding after the moldings. and the mini-spue part
are taken out.

The mini-sprue part 20 is a zone where the epoxy resin is cured, and is
constructed by a mini-sprue 21, a molding part 22 for moldings, a mini-runner part
23 and a gate part 24. Thus, when the cured moldings ére taken out, the mini-sprue
and the mini-runner part which are also taken out as cured solid simuitaneously will
be discarded.

The temperature of the mini-sprue part on molding is usually 160-200°C and
is set at about 90-130°C higher than the temperature of the manifold part. part.

The ejector plate part is a zone where the moldings obtained after molding are



Such tenperature condition is maintained usually by warming with a heater
and on the other hand by cooling with a cooling water. In the

- present invention, it is inmportant that the manifold part functions as a
zone controlling fusion of the epoxy resfn and does not participate in
curing of the epoxy resin. Consequently, the epoxy resin existing
in the sprue 11 and the runner 12 both constituting the manifold part can
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the resin is not taken out together the nol dings and 1s continuously
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are taken out. The mni-sprue part 20 is a zone where the epoxy
resin i s curm@modétjss like ahs ntiniséprde pdrta mi ni -sprue 21, a nol ding part 22
for moldings, a mni-runner part 23 and a gate part 24. Thus, when the
cured nol di ngs ark it dkportantt that the epoxy raprused inathd presentrinventiamiserotgardd in
whi ch are al so taken out as cured solid sinultaneously will be discarded.
The t enper at thegnatifoldh garti ini the prané-spaye metal mwldiishepi én drégsal2 §ndi B pup09cared] C
and is set at about 90- 130Lerr]C hi gher than the tenperature of the

mani f ol d parin. thggpini-sprue part. The ej ector plate part is a zone where the
nol di ngs eobt ai ned_ after nol din
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cured in the nani 'o!d'part I'n the nani-sprue netal nold shown in Figs.
and 3 but i sggris @drt add tHRemBldiig pdt WE oPd¥rlto satisfy the dbdvé be?ﬁf&&aﬂt

I nvention, the tenperature of the netal nold in the manifo
It is important that the epoxy resin used in the present invention has a latent-
type curing characteristics wherein the resin is not promoted in curing in the manifold
part but is promoted in curing in the mini-sprue part in the mini-sprue metal mold as
shown in Fig. 2 or 3. [Ilustrative of such epoxy resin composition are the
compositions I, I and I as will be given hereinafter.

The epoxy resin composition used in the present inventfon satisfies the above
requirements and thus contributes in shortening of the molding cycle in such manner
that the composition is only molten and not promoted in curing in the manifold part
but is promoted in curing by short gel time in the mini-sprue part.
<Epoxy resin compositioh> |

The injection-moldable epoxy resin composition of the present invention
contains an epoxy resin, phenol resin, a curing accelerator and an inorganic filler as
indispensable ingredients and preferably involves the following three compositions:

The first composition {Composition [) has a gel time at 70°C of at least 1,000
seconds, preferably a gel time at 100°C of at least 1,000 seconds (for example,

| 1,000-3,600 seconds) and an activating energy for the reaction of 12,000 cal/mol.

The second composition (Composition ) has a gel time at 80°C of at least

1,500 seconds (for example, 1,500-5,000 seconds), preferably a gel time at 100°C of



part is set within a range where the epoxy resin is nolten but its curing

is not pronoted, i.e. at a tenperature of 90-130[err]C |l ower than the
tenmperature of the m'ni- sprue part and the nolding part in order to
satisfy the above requirenent. Bt is inmportant that the epoxy

resin used in the present invention has a latent- type curing
characteristics wherein the resin is not promoted in curing in the manifold
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metal nold as wn in Fig lustrative of such epoxy resin
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herei nafter. The epoxy resin conposition used in the present
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12,000 cal /npL. nihe maquu@%al%@%?%l?@ﬂ?&?%&ﬂh Mib AR ute' (ﬁ’nmjslk)wé%@§ dﬁ' gel

tinme at 80[errJC o east 1,500 seconds (for exa

seconds), preferaf ¥ase @elmdli WRcadityl Ak fitérisbcoTof the epoxy resin composmon have
8 at least 1,000 seconds (for exanple, 1,000-3,600 seconds), wherein

change in rTEbéen udjasted | wighiat thkOadvies m&nﬁort&r earigharthd Ccopfpasitionaisp kxcelldntl @
wWithin 18 mnutes from the initiation of viscosity nmeasurenent, change in
mel t vi scosi therméal staifier afdCsi motrauredror the ¢yilinder7to( Warrantxeappd eyridg i) thei méetah
10 mnutes fromthe initiation of viscosity
mold
The third composition (Composition II) has a gel time at 80°C of at least 1,500
seconds (for example, 1,500-5,000 seconds), a gel time at 100°C of at least 1,000
seconds (for example, 1,000-3,600 seconds), and an activation energy for reaction of
at least 1,2000 cal/mol (for example, 1,2000-50,000 cal/mol, preferably 12,000-
30,000 cal/mol).
Among these_ epoxy resin compositions, Composition I and Cémposition Il are
especially preferable in the present invention.
| The activation energy for reaction of the epoxy resin composition is calculated -
according to the following Arrehenius' reaction formula (1):
K = Ae-E/RT. '
Ln K = Ln (1/G) = Ln A-E/RT . .. (1)
wherein K stands for a reaction velocity constant, A for a frequency constant, E for
activation energy for reaction (cal/mol), R for a gas constant, T for temperature (°K)

and G for gel time (sec) of molding material.

E is obtained from a gradient of the graph Ln (1/G) and 1/T.



measur ement, and change in nelt viscosity at 180[err] C reaches at |east 10
(for exanple, 10-30) within 60 seconds fromthe initiation of viscosity
measur enent . By the term"change in nelt viscosity" in the present
i nvention is neant herein the maxi num v@lue of nmelt viscosity divided by
the m ni num value of nelt viscosity, i.e., "the maxi mumvalue of nelt
viscosity/the m nimumvalue of nelt viscosity". In case the nelt
viscosity characteristics of .the epoxy resin conposition have been

adj usted within tﬁbc‘?fﬁdg‘é SRlelifpe G‘P?é%t?%ﬁﬁé,a"f‘ [tRe g‘g}’(ﬁﬁgfi‘ e ?{%‘” Eseclen ghthei

thermal stability and is not cured, in the cyli.nder. to, warrant rapid cufing
in the met al PO B compdSitio Kae bteh st iR o3RRG mErtone fopefalie]

Jeconds) , a gar i B EF e S RERR S o Bir-EAEBR S vl
1, 000- 3, 600 5@(&9?&@& ir?"ﬁ‘ijﬁ fafGidiyation energy for reaction of at |east
(tTor 'exanpl e,

1, 2000 cal /no 1, 2000-50, 000 cal /nol, preferably 12, 000-

30,000 cal/mol ). As epoxy ARRIutilESIE RPOME EFSyN réstiTROMpbEIAGS  of CRIEP PedsbrtON
Il and Conposition |IlIl are especially preferable in the present invention.
The acti vati inwemtivar gychf ag Coempotition Diort e amp @X \the asononeosand i golyaers shaving
cal cul ated according to the follow ng Arrehenius' reaction forrmula (1):
K = Ae[err] epoxy groups, such as osic-or_mofd /of) o=cré¢sol Aye Boxy. resins, (biphenyhérpei n
K stands for a reaction velocity constant, A for a frequency constant, E
for activat eR¥FYeresingy npritthaleng ctypo gpgxyaresias| and hydrequisongatype 6ASKAfSINSTCANOr

emperature (f et s Bl o S8k (L Case) Bl TR LR Sl ol

O o B BSEtE 98 bl TRaSARARKCH! ShhaRoR Mg o YA s BRRLEY
Any other epoxy resin than the above mentioned can also be employed if the
requirements for the above characteristics be satisfied.

Epoxy resin compositions utiizable as the epoxy resin composition of the
present invention such as Coﬁxposition I or W are prepared by incorporating the
aforesaid epoxy resin suitably with a phenbl resin as a curing agent, a curing
accelerator and an inorganic filler. Illustrative of the curing agent (phenol resin) are,
for example, a phenol novolac resin and a dicyclopentadiene type phenol resin. A
cuﬁng agent having a phenolic hydroxyl group and an acid hydrazide such as eicosanic
hydrazide may be used as the curing agent for the present invention. and eicosanic
hydrazide. These curing agents may be used singly or a mixture of two or more.
Examples of the phenol novolac resin include novolac type phenol resins obtained by
reacting a phenol su_é:h as phenol itself, cresol or xylenol with formaldehyde by the aid
of an acidic catalyst as well as mpdified resins thereof, for example, epoxylated or
butylated novolac type phenol resins. Above all, those having a hydroxyl group
equivalent of 100 to 150 and a softening point of 60-110°C a;’e preferably used.

' The curing agent is incorporated into the epoxy resin in an amount of 20-70
parts by weight, preferably in an amount of 40-60 parts by weight per 100 pafts by

weight of the epoxy resin. {n case the phenol novolac resin is taken as an example,



epoxy resin conposition have been adjusted within the above nmenti oned
range, the conposition is excellent in thermal stability and is not cured

inthe cylinder to warrant rapid curing in the nmetal nold. As
epoxy resins utilizable for the epoxy regn conposition of the present
i nvention such as Conposition Il or Il1l, any of the nononers and pol yners

havi ng epoxy groups, such as one or nore of o-cresol type epoxy resins,

bi phenyl type epoxy resins, naphthal ene type epoxy resins and hydroqui none
type epoxy rtheiabeve BROPITHOREIRITESPRMISSE fher cass whrselnethgi umisnt &f fisr phgqelic
aforesaid nelt viscosity characteristjcs, gFI tinme characterhstics or.

activation SHEFERY1EEPUR 18401 (9n2-Be PEeltrally;abgut 1 QT eBPHYB OUBdRIT SLIW TN

t he above nentioned can al so_be enployed if the_ .reguifenent e ove
characteristics Hes stg? | Yfingqacceler atbr a¥%ﬁ{§§‘§/ Frampiic cogrrf)lécg | ‘?6‘?@&3‘? ll‘ﬁy"ghagﬁ‘g as
t he epoxy resin e r J i tanon
Il or Il ardécyﬁpé‘.%g@@g ‘Ellff&?ﬁ%gp t%?%? E%ng ?%;ré.aa %pé%tg'?fg%?)@%’gsal&ﬁ%?& t!thgbl y
wth a _phen_q{u ﬁx?%g?xfta&dasa?igf)‘ e Sbilicd if WM dyllAder 6T GRl iffeBli SH-nitMin @ Machine

i norganic fi re . Il'lTustrati've of "the curing agent (phenol resin) are, for
exanple, a mqnahidn@ﬂmgagrdpeﬁ'yrlnanﬂlefal giold.cl opent adi ene type phenol resin.
A curing.agent having a phenolic hydroxyl group and an acid hydrazide such
as eicosani ¢ hydilagtrativen®f the wssug azcctlbmtaruraregDRIJederivatives haichr esehf-
invention. and eicosanic hydrazide. These curing agents may be used
singly or a ditzacynle oM -Ohundaceneoenhengly safsl ephesol t Revglatensillt rasdo| GaEbanats n

i ncl ude novol ac tépe phenol resins obtained hy reacting a phenol such as
phenol it selimidazples of QS kypecand uigp ARy EvsaIcd ¢hg the aid of an acidic

catal yst as well as nodif] jns thereof, for exanple, epoxylated or
but yl at ed novol ac typegﬁ)'ﬁ‘gﬁ%d'?@gi ns. Above all, those having a hydroxyl

i val ent pf 10 ndl j .t
O oforan'y iigth Af bl b 4 3bfted oF UARBALN orBlo Ula WIS i e
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40- 60 parts by wei ght per parts by “weight of the epoxy resin. In case
the phenol n@yRbiee 08Sthe itbve aleemiuRSisapreferabil for obtaining the injection-moldable

epoxy resin compaosition of the present invention.
- The use of alkylurea derivatives of the following formulas (a)-(f) as the curing
accelerator can improve stability at around 100°C, and as a result, thermal stability of

the resin in the cylinder of an injection-molding machine is enhanced:

R
NH—C~N<
R.

X4 (a)
X2

wherein X; and X, may be the same or different and each sténd fo; a hydrogen atom,

a halogen atom, an alkyl group, preferably a lower alkyl .g_roup with 1-5 cafbor{

atoms, an alkoxy group or a nitro group, two R's may be the same or differenf and .

each stand for an alkyl group, preferably an alkyl group with 1-10 -car'bon atoms,

more préferably a lower alkyl group with 1-5 carbon atoms. '
Hiustrative of compounds corresponding to the formula (a) a're,. for exa.rrib.lé,.”"

3-phenyl-1,1-dimethylurea, 3-(chlorophenyl)-1,1~dimethylurea, 3—.(3,4—dichloro-ﬂ -



100 the above proportion corresponds to the case wherein the nunber of the
phenolic hydroxyl group is 0.5 to 2.0, preferably about 1 per epoxy group
in-the epoxy resin. . + As the curing accelerator are used aromatic or
alicyclic dinethylurea and dicyanodi amide which can pronbte a curing
reacti on between the epoxy resin and the curing agent and satisfy thernal
stability in a cylinder of an injection-nolding machine and rapid curing

property in a netal_ npld. Illustrative of the curing accel erator are
DU der | vat iAFEB btich Gethylires, o A7{ec el i) o L HAEBENESRT- STianBrHgIoRE-

Gor i vat | ves Bp-tHecpsiidyats SRRk o AOE R Bieigrer [0 ey i R
stands for L j or unsubstituted aryl group and two R s for the
sanme or dif?é?gﬁﬁgg$g§%ggroups. Anong these curing accelerators, the use of

a urea derivative of the above formula is preferq?le for obtaining the

i njection-nol dable epoxy resin conpositig? of the present invention.

The use of al kylurea derivatives of the T '"Ng\fornulas (a)-(f) as the
curing accelerator can iﬁﬁgove stabili at garourd 100[err]C, and as a

result, thermal stability ofN-tdhehr the cylinder gb)an

i nj ection-nol ding machi neri's enhanced: [err] wherein Xerr] and X2
may be the sane or different and eachystand™fzor a hydrogen atom a hal ogen
atom an al kyl group, preferably a | ower alkyl group with 1-5 carbon

atons, an al koxy group or a nitro group, two Rs nmay be the sane or

W th 110 CAMSERn K 87b 2 b be B sves BT GeR B sk R o ARV i Brap. 2
(2 are. fomslgeahsren on 45 R aud. SRR \ohaE SRACRER AR e 86 2
| - di met hyl UlaEins and (t%o4qu &Q} ®eOthe same or different and each stand for a lower alkyl
group with 1-10 carbon atoms (preferably 1-5 carbon atoms).
Itlustrative of compounds cqrresponding to the formula (b) are, for example,

1,1'-phenylene-bis~(3,3-dimethylurea) and 1,1'-(4-methyl-m-phenylene)-bis-(3,3-

dimethylurea).
R CHi - R
>N-—C—NH | NH—C—N< (<)
LG SA
CH3; -

wherein R's may be the same or different and each stand for a lower alkyl group.

- O R N
R H g NS
AN NH-C-—
N—C—NH N
P/ g X A R
' | CH: i CHa2
= \/
N JP
R
/
‘ N NH—-C—N\



phenyl)- 1, |-dinethylurea, 3-(o-nethylphenyl)-1,1-dinethylurea,

3-(p-net hyl phe- nyl)-1, 1-dinethylurea, 3-(nethoxyphenyl)-1,1

-di net hylurea, and 3-(nitrophenyl)- 1,1 -dinethyl urea. :

R 8~Y [err] werein Y and Z may be the same or
different and each stand for a hydrogen atom a halogen atom or an al kyl
group, preferably a |ower alkyl group with 1-5 carbon atons and two R s

100 car bon YEERA PBABr B1ERE! o 1-te SEEMEh i an® S (st} pnf Pt "

SO L PO el ORI A, ol 6 Ao s mor

1,1 -(4-net éf-efsb@h@mxiks;pg}cdai ®ith 3-3-carlinRbhi¥! ur ea) . [err] wher ein
R s may be the same or ditferent and each stand for a | ower al kyl group.

| R
N @ CH
N—-—C—NH (e)
/
"l JL

wherein two R's may be the same or different and each stand for a lower alkyl

group.
CHa
R
/
NH-C—N
Ng
NH (6
ot
N
rR” DR

wherein R's may be the same or different and each stand for an alkyl group,
preferably an alkyl group with 1-10 carbon atoms, more preferably an alkyl group
‘with 1-5 carbon atoms.

In the above formulas (a)-(f), preferable examples of the alkyl group or alkoxy
group represented by X;, X, and R include methyl group, ethyl group, propyl group
and butyl group and the corresponding alkoxy groups. As a compound correspondi:ng
to the formula (e) is exemplified a dimethylamine adduct of 2,4-tolylene diisocyanate.
Above all, the dimethylamine adduct is preferably used as it shows significantly
improved stability at around 100°C and curing characteristics adequate for injection-
molding of the present invention. These curing accelerator is incorporated in:.to the
epoxy resin in an amount of 3-20 parts by weight, preferably 5-10 parts by weight
per 100 parts by weight of the epoxy resin.

A curing accelerator devoid of thermal stability in the cylinder and is thus

unable to use alone for injection-molding, such as 2-methylimidazole or triphenyl .



[err] B : 12 wherein p is an integer
of 0 to 5 and Rs may be the sane or different and each stand for an alkyl
group, preferably an al kyl group with 1-10 carbon atons, nore preferably
an al kyl group with 1-5 carbon atons. 13 [err] wherein two R s may be the
sanme or different and each stand for a |ower alkyl group.

CH3 [err] wherein Rs may be the sane or different and each stand

or 20 811 okt W RRAPRAN 1 Y b LR, i U AR '

formul as (a)%.&g_%@in%;g;rg;ﬁgg £ % Bt gt he al kyl group or alkoxy group

r epr esent ed I ncl ude nmethyl group, ethyl group, propyl group

and butyl group afidsiriteveC QF F @RPRHeEAME FikkPXireJTfOH RskamPR, SpARIEPPUMBrous or
corresponding to the fornula (e) s exenplified a dinmethylam ne adduct of

2, 4-t ol yl enepdiiobs FiiléANAich: as AR \ferrive] grdphie dkil@Iohiiceide, ngicadedlcitimi Grbonate,
preferably used as it shows significantly inproved stability at around

100[ err] C andlay; ualumihar hhutreind-eilicst sitica subhoasapwivérived i sificacdnd osphericadl silicag zink
the present invention. These curing accelerator is incorporated into the
epoxy resin éxidancagberundluminug: hgdgeaides ablyestosi fibar, glasefféreablcgrbendogoysafiber, by
wel ght glass beads, Shirasu balloon, and silica balloon. Of these, pulverized silica, spherical
silica and glass fiber are preferably used singly or in combination.

The epoxy resin composition of the present invention can optionally be
incorporated with brominated epoxy resin, a hardly inflammable agent such as
antimony trioxide, a silane coupling agent, a pigment such as carbon black or phthalo-
Cyanine, a natural or Synthetic wax and a mold-releasing agent such as silicone oil.
<Effect of the Invention> \

According to the present invention, thére is provided a method for injection-
molding an €poXy resin wherein an epoxy resin composition possessing specifc
physical properties is used as a starting material for moldings and molded in a mini-
sprue metal mold, the method bringing about such a merit that a molding cycle is
shortened, a continuous moding operation is possible and a waste portion after curing
can be minimized.

According to the present invention, epoxy resin moldings which have never
been manufactured continuously in the prior art by way of injection-molding can now
be manufactured efficiently by way of injection-molding. Thus, the present invention
makes it for the first time possible to manufacture epoxy resin moldings inherently
excellent in various physical Iproperties in a continuous operation with a shortened
molding cycle by way of injection-molding. In the present invention, the epoxy resin
composition is not prematurely cured in an injection molding machine.

EXAMPLES

The present invention will now be illustrated in more detail by way of



per 100 parts by weight of the epoxy resin. A curing accel erator
devoid of thermal stability in the cylinder and is thus wunable to use

al one for injection-nolding, such as 2-nethylim dazole or triphenyl

13 phosphine utilizable fromthe past 1igor transfer nolding, can also be.-
used jointly for shortening curing tine in the netal nold.

IllTustrative of the inorganic filler are, for exanple, powdery, fibrous or
ball oon fillers such as talc, ferrite, graphite, silicon nitride, mc

cal ci um car be¥pmRles and Somparaive rﬁa(amaieanghhﬁsm tocBe cengtryed Wk khese Examples
pul verized silica an silica, .zin de, carbon

DUl ver 200 S0l 380 Sghabel b 5Bt il S e S it Eiilongs,
Shi rasu bal '91% %q&blg LM:%O g%‘lagg; IEX% Eepelsgnd Pgl verized silica, spherical

silica and glass er are prerera g8 singly or in conbination.
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i ncorporated with ate epoxy a hardly |n e age t such
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bl ack or phthalo- cyanine, a natural or synthetic wax and a nol d-rel easing
agent such apesCl i comeaxithtm valdhiehu@fl vilGe dMuentisodsity from the Agikiatich ng t o
the present invention, there is provided a nethod for injection- nolding
an epoxy r esviscositgrméasurzmeapox y giegi peiahpbging (nefepresisos bémigaprees tige melt
physi cal properties is used as a starting material for noldings and nol ded
in a mni- Sposiy herartersties at HO*detheomelsrvisngping chayeereristinshatal HEE andt thet a
nol ding cycle is. shortened, .a, continuqus_ nodi ng operation is p055|ble nd
a waste portTgh Vé?CPé‘FY Eh?f‘raﬁﬁ"s%‘:énatb@%n? nF%Céd“mWS“m WRLECHFY MHGSHred 1an

pr esent |nvent|o [ esi i ngs whi ch have never been manufactured
cont i nuousl hFﬁ'?HE‘gF WBHPQE§Ewﬁy of injection-nolding can now be

manuf act ured efficiently by way of inj 9?51518'1 nol di ng. Thus, the present

i nvention

Comp Comp
Composition Ex 1 Ex 2 Ex3 Ex 1 Ex2
o-Cresol novolac epoxy resin -
(Epoxy equivalent: 215) . 100 100 100 100 100
Phenol novolac resin (Phenol equivalent 103} 50 50 50 50 50
- Brominated epoxy resin
(Epoxy equivalent 275) 25 25 25 25 25
Antimony trioxide 5 5 5 5 5
3-(p-chlorophenyl-1,1-dimethylurea 6 - - - -
A dimethylamine adduct* - 8 - - -
2-Methylimidazole of CNS type - - 7 - -
Tris-(2,6-dimethoxyphenyl)phosphine - - - 35 -
2-Methylimidazole - - - - 0.8
Silica : 660 660 660 660 660
Silane coupling agent 4 4 4 4 4
Carbon black - 1 1 1 1 1
Carnauba wax ' 3 3 3 3 3
Gel time at 80°C (second) 3020 5120 2050 828 1230
Gel time at 100°C (second) 1420 1800 1380 438 690
Change in viscosity at 100°C 1.7 1.2 2.7 11.2 4.7
Change in viscosity at 110°C 3.3 2.5 4.8 12.0 10.6
Change in viscosity at 180°C (second) 52 45 57 39 46
(Remarks)

(1) Ex stands for Example while Comp Ex for Comparative Example.



makes it for the first time possible to manufacture epoxy resin nol dings
i nherently excellent in various physical properties in a continuous
operation.with a shortened nolding cycle by way of injection-nolding. In
t he present invention, the epoxy resin 1q@nposition is not prematurely
cured in an injection nolding machine. EXAMPLES The present
invention will now be illustrated in nore detail by way of

Q qﬁpqnéﬁrued t hat

14 Exanpl d Conparatiyve anples,. but it is 0 b t
t hese Exanrpie s%n r$°n$‘\§ r.ﬁn??&&%ﬂéﬁ% T qggi?‘%g%dﬁ%%‘#%‘f‘ﬁ@gd@ Obi Mt

i ]

the scope of’thj 4rﬂ[[§fl§ é%esacc; g@l’&@ntd e es 1 and
2> * The polfopoF PR or o hE epoxy resi nycorrp03| tions in these Exanples
and Conparative Exanples are shown in Table 1. A gel tine at 80[err]C, a
gel time at 100[err]C, a maxi mnum val ue/ mni num val ue of the viscosity from
the initiation of viscosity nmeasurenment to a given period of tine
(referred to hereinafter as the nelt viscosity characteristics at 100),
the nmelt viscosity characteristics @s 110C and the nelt viscosity
characteristics at 180[.err]C of eacl conpositi on/v@fae al so neasured and

the results are shown in Table 1. NH-C-N {_

Table 1 . - ' i CH,

Conp Conp Conposi tion o Ex 1 Ex 2 Ex 3 Ex
1 Ex 2 o-Cresol novol ac epoxy resi mH (Epoxy equival ent: 215)

100 100 100 100 100 phenol novol ac resin (Phenol equival ent
103) 50 50 50 50 &= Brom nat ed epoxy resin ( Epoxy
equi val ent 275) 25 .25 25 25 25 Anti nony
trioxide N 5 5 5 5

3- (p-chl orophenyl -1, 1-dinethy|ur9a\\ 6 - - - -
A di net hyl am ne adduct * CH. CH - 8 - :
2- Met hyl i m dazol e of CNS type : ! - - 7 - :
Tris- (2, 6-di met hoxyphenyl ) phosphi ne - - - 3.5 -
2- Met hyl i m dazol e - - - -

0.8 Silica 660 660 660 660
660

In the present invention, measurements of change in viscosity and gel time
- were carried out according to the following method:

Measuring apparatus: Laboplastomill 20R200 Roller Mixer Model R-30
manufactured by KK Toyo Seiki Mfg. Works

Amount of resin composition measured: 43 g

Number of rotation of the rotor: 30 r.p.m.

Measurement temperature: for example, 80°C, 100°C and 180°C

Viscosity: The viscosity was read out from torque in terms of kg-m on the

chart shown in Fig. 1.

The initiation of measurement: The measurement is initiated from the Point B
on the chart shown in Fig. 1.

The gel time was determined by reading out a gel time on the chart shown in
Fig. 1. First of all, lines are drawn respectively to a region showing depression of .
torque after addition of a sample (tangential line 1), a region keeping the minimum
torque (tangential line 2) and the maximum torque point A (perpendicular line 3).
Next, a length from a point of intersection between thg tangential line 1 and the

tangential line 2 to the perpendicular line 3 was measured to define the gel time.



'Sitane coupling agent - 4 4 4 4

4 Carbon bl ack ' 1 1 1 1

1 Carnauba wax 3 3 3 3

3 CGel tine at 80[err]C (second) 16 3020 5120 2050 828

1230 Cel tine at 100[err]C (second) - 1420 1800 1380 438
690 Change in viscosity at 100[err]C 1.7 1.2 2.7 11.2
4.7 Change in viscosity at 110[err]C 3.3 2.5 12.0

. p .5 4, 8°
10. 6 Change in vilgcéhg tpyesept mysneipn,] che (melk oyigppsity dpracteristigs at 100°G5was

?égr’rpar :,? i Ve( 1&?&)@ tl'gel)ma%(musntl a(ll/ﬂEX{ %Eilulg}(tﬁgp nlrli%irr\{\@rlll (?v[[%nealgé( off Otrhelgiscos&tz)
The proportion.of each ingredient is.expressed in ternms of gr 3) *

g et by arm g4 SR e Ol sl 28 ° Bedgity, FedRurfing M hihs Bl
of 2,4-tol ylﬁggﬂgé,sﬂ'ﬁiyﬁl@ﬁt s o@ﬁ%eéﬁ{%ﬁegisﬂgs tapellboé 'W'Asadef‘fineﬁ W the maximum
[err] n'the present Ihvention, nmeasurenments of change in

viscosity a ' ; ' rGH ? ] od:
s vy aNAOe] A BEGRAEPIVF A 0D QubiR ) iy od

manuf act ur ednistidk of ¥%6@0sH6i inead\EdmentjiteSpoint B), wHRDINEmAT visessity daraeasisti on
nmeasured: 43 ¢ Nunmber of rotation of the rotor: 30 r.p.m '
Measur enent ticsrpeiBatQmwes definedelmnrid peridiOffetime Cin (eOME @f rspcondn dudiff) wehiah] tGe
~ change in melt viscosity (MAX value/MIN value of the melt viscosity) reaches at least
10.

Injection-moldability (continuous moldability) of each epoxy resin composition
was evaluated and is shown in Table 2 together with the sort of molding, molding
condition, molding cycle, weight of discarded part and weight of product.

In .Table 2, the injection-moldabilty was determined by shaping a metal mold
and an injection-molding machine in such manner that a tip of the sprue bush part of
the metal mold and a tip of the nozzle of the injection-molding machine may be

touched with each other, and judging whether injection is possible to attain continuous

moldability or impossible by curing of the resin at the tip of the nozzle.



Vi $cosity: The viscosity was read out fromtorque in ternms of kg mon the

chart shown in Fig. 1. The initiation of neasurenent: The
measurenent is initiated fromthe Point B on the chart shown in Fig.
1. The gel tine was determ ned byyzxeading out a gel tinme on the
chart showmn in Fig. 1. First of all, lines are drawn respectively to a

regi on showi ng depression of torque after addition of a sanple (tangenti al
line 1), a region keeping the mninmm tRhRU (tangential line 2) and the
maxi mum t or que point A (perpendicular Iine 3). Next, a length froma point
of intersection bgiyeen the tangential line | and the ta ial ddte 2 toO
t he perpendicular 'ine 3 was nmeasureghtp degfy ng thexogl tiggey Ex 2

16 T The present fnvention, the Melt Viscosity characteristics at

100[ err] C wamjectidhimedabiityt he maxi mpasdiBlX) possiblee/ tpbssibite Nirnipassib Mpoesibiee

of the viscosit W thin m nut es m.t initiation of yiscosity
neasur enent ??’EFXQ”BBF ﬁ’f‘)lgﬂb.]ﬂ?ty Li kewi s%éd’ %t‘ﬂe‘s %@P;S%fssg%%g??scﬁéfgeﬁer%sikﬁof:ss at
110[err]CVVa o€ “i waY FE— o HFEHT Nimvay &€ TE “‘“-“ M- varte
of the vi scoMethodwoft mokdidg®) ni nut es injestton heinjection i ainjeotiorof injectorsi transter
measur enment ' while the gglt visggsity cfyaracterdss- tigs at
180[err] C m@%?g&éﬂ&é&% he peri od o;mti me (iLn ternms_of second) duri nsq
whi ch the cN&gh afrthgediscardedd@i ty (BBt val udd M N vaPde of PR el 2
Vi scosity) reaigmofathelpeadict 18). 24.0 nj ecia@- nolZabi | i t 24(@ont i 2010US
nol dability) of each epoxy resin conposition was evaluated and is shown in
Table2toge A€ mwy e v GO cH1re—rrot-cing L meImaLe
cycl e, wei ghMobdinglicenditidmsd part and wei ght of product. | n Thsrang,
the injectio fm hbd¥rupas determined by shaping a netal nold anggman :
i njection- ITDFyI ngpangrgﬁrnéﬁ?n such manper that _a tip of the s%ue bush part
- ol di

of  the nmetal nol BF¥PHE {1 of the nddzle of @ he inj’éction ngt hi ne
may be touched wRédr gaeli*©t her,  and usidgi ng whet her 45nj ectias is possible

TAY,

to attain Conﬁhjgét?olﬁspressure (kg/cm?) 200 200 200 200 curing time
Injection time (sec) 22 22 22 22 61 sec
Curing time (sec) 40 24 19 19 Charging
Temperature of metal mold pressure
(°C) 185 185 185 185 200 kg/cm?
(Remarks)

* conﬁnuously moldable in nozzle touched state

** cured at the tip, not filled with the resin, injection impossible
<Examples 4-6 and Comparative Examples 3 and 4>

The proportion of the epoxy resin compositions in these Examples and
Comparative Examples are shown in Table 3. A gel time at 80°C, a gel time at
106°C, and activation energy (cal/mol) for reaction of each composition were
measured and injection moldabilty (continuous moldability) was evaluated for each
composition. Results of the measurements and evaluation are also shown in Table 3
together with the sort of molding, the molding conditions, the molding cycle, the
weight of the discarded portion and the weight of the product portion.

The continuous moldability was evaluated by continuously shaping a metal mold

and an injection-molding machine in such manner that a tip of the sprue bush part of



nmof dability or inpossible by curing of the resin at the tip of the nozzle.

17 Table 2 Item
Comp Conp Ex 1 Ex 2 Ex 3 Ex 1
Ex 2 Injection-noldability possjigl e possible possible inpossible

i npossi bl e Continuous nol dability

500 shots 500 shots 500 shots 10
’ *

shots 6 shots

** ** Met hod of nol di.ng |nject|on in i nj ection
e, luchied Wit gl

injecti on tth"aﬁsefﬁrm%laﬁpr?g“%)pé the (xgzé@)of the machme may bg)touche w1th6=(§c other 5

gg 1 42 a\g%v@tf] ghflleg%lgc?,h Iesl?lgédg‘t? (.%g)or not a cuslélgn Gmount reﬂfx:ﬁng i Jﬂf4“6 of

(Z:ﬁ' a(r)gl ng a‘/‘ltﬁe 8%4?;1{ ggnpg\:glr)l;é?z{&ql tthE QBsin is charged into the mold.

e Front ! n?c’nt f th 17&’m

12 sec Re g?Rg%Srretﬁ){afﬂéﬁés%d Compargtﬁlf Examples, @he measure o e ge e

I njection pragsHe %ct(l\m{oﬁ@x)ergyz(@gs made in

Injection tinme (sec)

gﬂaosame maﬂﬁ@ as descngé?pabdi/\';'“ ng t l me
61 sec

Curing time (sec) 40 Tatﬂé3 19 19 Char gi ng
Tenperature of netal nold

pressure ([err] O : 185 185 Casp Comp 185
200 kg/cn?2 __(RefGomposition * continuoudix 4ol Exple Bk nhzEke3t gudiedd
state ** cured at the tip, not filled with the resin, injection

i npossi bl e  O-CFSEAPPEYAY CROXYNEFSBonpar at
proportion of (EPRXYeSARY 2

Conpar at i ve Pﬁamm@slaarxesmwphamﬂ BqUdiablle3)3. -A gel

s BRRY yir STt

tinme at ctlv
corrposnt|on ??é

mol dabi | i ty)Awre'vHiQmeed f or each co
nmeasur enent %;_rg;ls %ﬁﬁirgﬂi@&?b&ﬂ?yl)aks@opﬁ%

sort of nol di ng condi tions
p ion a

t he di scarde theaa\/\g(’:Fgg(gmsé’l

cont i nuous 1pg; agduct o
3—p—(chlorophenyl) -1,1-dimethylurea

2-Methylimidazole _
Tris-(2,6-dimethoxyphenyl)phosphine

Silica

Silane coupling agent
Carbon black

Carnauba wax

Gel time at 80°C (second)
Gel time at 100°C (second)

Activation energy for reaction (cal/mol)

Molding method

Injection-moldability (continucus moldability)

Molding cycle (second)
Weight of the discarded portion (g)

Weight of the product portion (g)

BYin conpositionsPY t hel® exabfi es

ive Exarrpl es 3 and 4> 10Ehe
tsore aus580[ es0] C, as@el
reac@{on ofseach 55
(conti nuous
ﬁ?esul t& of tAe 3
together with the
t heggml ding cycle, the weight of
t he product portion. The
ISEWWUOUSI y sh p| ng a metal “nol d

) for
abi I
nposi Bi on.
gy in Table 3

6 -
- ~ - 0.8 -

- - - - 3.5
562 660 650 660 660
3.5 4 4 4 4

1 1 1 1 1

3 3 3 3 3
4070 3020 5120 1230 823
1850 1420 1800 690 438

12035 15416 18065 11432 7894
injec injec  injec injec injec
OK OK OK *1 *2
80 60 55 55 . 55
33.1 33.1 33.1 33.1 42.5
24.0 24.0 240 24.0 24.0

(Remarks) :

(1) The proportion of each ingredient i
(2) "equiv" means equivalent

3) *L:

s expressed in terms of gram.

At the time of 10 shots, the resin was cured at the tip of the nozzle and



and an i njection-nolding machine in such manner that a tip of the sprue

bush part of 18 the netal- nold
and a tip of the nozzle of the machine may be touched with each other and,
after injection, checking whether or notyg cushion anobunt renmaining in the
tip of the nozzle is stable and the resin is charged into the nold.

In these Exanpl es and Corrparative Exarrpl es, the neasurenent of the gel tine
‘1"‘.2‘;' tehg activation engra¥ed'dRo T Gold' s& MRar SR Bn RSP S SRS RN Ped abo‘égrrp
Conp dipdsi At olre time of 6 shots, the resin wkX cdred dExth® tipEaf €heEmoz3le andEx 4

0-Cresol novol ac e i ﬁ \Y; 100
h to t QHAtVthe Atk %t ibl
100 100 100 HB'E Jfggd Sh%no‘? novo?ao resel nj‘é 1 ne?lvg me‘ ?Jsls{/ € 103) -

50 45 50 In Exar@leBr ATENaHed cBY dnfstink (tﬁtﬂ?x%re(}%l\iatlr?g75‘)onai§uoug5
27 25 25 Antinony trioxide

6 3) moldalﬁhc’!y %abwshbwﬂﬁxamaﬂeaabél@m hyl ) - 5-i sopropyl hydant (o] n

36 - - Di et hyl am ne adduct to
2,4-tolylenediisocyanate - 8 3-p-(Tdti®dophenyl)-1, 1-di net hyl urea 3

6 - - 2-Methylimdazol e - -
0.8 - Tris-(2,6- dmgﬂvl Epxbmpled neExample 5 Example 6 - -
3.5 Silica 50 29 562 5660 5550 660

660 Silane coupling agent 3.5 4 4

4 Carbon bl ack 100 19 1 2 31 2-? 1

1 Carnauba wax 200 23 3 1.8 3 3
Gel tinme at 80['err]C-(secon%‘%ﬂ 4070 3%@ 5120 8 1230 823
Gel time at 100[err]C (seco 31850 1 1800% 690 438

Activation energy for react#¥h (cal/ rml2)2 12035.85416 18365 11432 7894
Mol di ng net hod 2.1injec jpjec | njz_qc injec

injec Injection- m)ldablllty (contlnuous mol dabi I'T'ty) OK XK *1

*2 Mol ding cycl e fises@Rig conditions in the above Ex8ples @Qd Compar&ﬁze Examplésdare

55 Weight of the discarded portion (Q) 33.1 33. 33. 33.1

42.5 Wi ght &fshoba jnr Dablets gebow. on  ( Q) 24. 0 24. 0 24. 0 24.0

24.0 (Remarks) (1) The proportion of each ingredient is expressed in
terms of gram (2) "equiv" neans equivalleble 3) *1: At the tinme of 10
shots the resin was cured at the tip of the nozzle and

Molding conditions Ex 4 Ex 5 Ex 6 Comp Ex 3. 4
Cylinder temperature (°C)
Front part 78 78 79 72
Rear part 45 45 45 45
Injection pressure (kg/cm2) 95 100 92 140
Injection time (second) 22 22 22 22
Curing time (second) 40 24 24 19
Metal mold temperature (°C) 185 185 185 185
Molding method Inj Inj Inj Inj
Molding cycle (second) 80 60 60 55
Weight of the discarded |
portion (g) 33.1 33.1 331 33.1
Weight of the product :
Portion (g) 24.0 24.0 24.0 24.0
(Remarks) (1) "inj" means injection molding.

<Examples 7 and 8 and Comparative Examples 5-8>
The proportion of the epoxy resin compsitions in these Examples and

Comparative Examples is shown in terms of gram in Table 6 below.



19° - not charged into the nold so that the injection was
I npossible. (4) *2: At the tinme of 6 shots, the resin was cured at the tip

of .t he nozzl e and not charged into the nold so that the injection.
was i npossi bl e. I n Exanpl es 4-6, glghe cushion anmount (nmm for

eval uating continuous noldability was as shown in Table 4 bel ow

Tabl e 4 _ Shot nunber Exanple 4 Exanple 5 Exanple 6

50 2.2 2.2 2.1 100

1.9 2.3 2.2 Table 6 200 2.3

2.5 1.9 300 2.3 2.0

1.8 400 2 ogp Comp Comg Comp
500 Compositipn Ex 8 in

t he above EXB{Bﬂ)dyE&sm(épﬁﬂﬁﬁﬁmﬁileEZIB)aﬁmms ar@ aslahownlén Tabbe Jobel ow.

Table 5 E‘%@ ﬁg; condi tions Ex 4 Ex 5 Ex 6 Comp Ex 3, 4
Cyl i nder tenﬁ% Iﬂl Frpt par 78 78
2 of 'etquival a0 3 4550 s, 5075, 50
45 |n§3mxn@nd|@pe:§sm¢sen(kg/crr2) 95 100 92 140
| nj ection ti fePQYeedvvajent 275)p 2225 235 235 2 25 offing
time (Secondk[mmon)&:tﬂaxlde 18%4 5 1855 19 5 I5d Met & EDljd
t enperature er i ng t ho
| nj | nj 1 =(p ‘Ir:lh ‘)odienyl) 1 %%Hpethylurea &bl di Ag cycl € (second) 6 80?
60 60 -Methylunﬁiﬁzole—CNS Wi ght of ¢+he discarded - - porti-on (Q)
33.1 33.4_ ki 33.1 _ Weight of tghe product _

hmidazol
Portion (g) éwtﬁ; 1az%%. 0 24.0 24.0 4. 0 (Rerar ks)
(1) "inj" nebfighanylokesphdre nol di ng. <Exanpl es-7 and 8 and3onparative
Exanpl es 5- 8&ilica The proportion of gkbe esesy I eS660 comltlsgos | gebhese

Exanpl es and Conpar at i ve Exanples is shown in terns Qf gramin Tabl e
Exanpl i hpwn 11y 9 org $
Silane coupling agent 4 4 4 4 4 4

Carbon black 1 1 1 1 1 1

(Remarks) The proportion of each ingredient is expressed in terms of gram.

In Examples 7 and 8 and Comparative Examples 5 and 6, the injection-molding
operation was carried out by using the mini-sprue metal mold. In Comparative
Example 7, on the other hand, the injection-molding operation was carried out by
using a conventional metal mold. In contrast to these, Comparative Example 8 was
carried out according to transfer molding. The molding conditions of each Example
are shown in Tables 7-9 below.

<Injection~molding using the mini-sprue metal mold>

Table 7
Conditions  (unit) Ex7 Ex 8 Comp Ex 5,6

Cylinder temperature (°C)

Front part 84 84 84

Rear part 45 - 45 - 45
Injection pressure (kg/cm2) 200 200 200
[njection time (second) 10 10 15
Curing tiime (second) 12 22 50
Temperature of manifold part (°C) 80 80 80

Temperature of product part (°C) 180 180 180



20° - Table 6

Comp Conp Conp Conp Conposi tion Ex 7 Ex'8 Ex 5
Ex.6 Ex 7 Ex 8 Epoxy resin (epoxy equivalent 215) 100 100 100

100 100 100 Phenol novol ac resin (pkgnol equival ent 103) - . 50
50 50 50 50 50 Brom nated epoxy resin (epoxy equival ent
275) 25 25 25 25 25 25 Antinony trioxide

5 5 . .0 5 ) . 5 3-(t - orophenyl) 1, 1-di met hyl ur ea
6 } <Injection-molding usingga conventjonal e ﬁyxpp >dazol e- CNS

7 _ - 2-Met hyl iJni dazol e - -
0.7 - Tr| phenyl phosphl ne lr%leas-z - - 3.5 -
- Silica : 660 6 6 660 660
Car nauba. wax Molding cond1@95 Qg)gmp §g 7 3 3
Sil ane coupling agent cylinder tempefatur& (*C) 4 4 4 4 4
Car bon bl ack Front part | 1 1 84 1 1

(Remar ks) The proportion of Reag ars ngredi ent is expressed i4? terms of gram
In Exanples 7 and 8 anﬁ;]@ﬁa@@ﬁ-wsm\ee Bgembes 5 and 6, the20m) ecti on- nol di ng

operation was carried using the . mni-sprue netal

Conparative Exanple fjegﬁogﬁgneot ﬂ%ep ‘?‘F&lnd the inj ectl on”r‘é)qjdl ng operation
was carried out by usCumingitioenver{sdcomdll nmetal nold.. In cafkrast to these,
Conpar ative Exanple 8 mﬁ era@kd bf@leolﬁEtaP?er?&dt‘q to transigg mol di ng. The

nol di ng conditions of eac Exanpl e are shown Tabl es 7-9 bel ow.
<l njection-nolding using the mni-sprue netal nold>

Table 7 <Transfer @Mihg+ons (unit) Ex 7 Ex 8 Comp Ex 5,
6 Cylinder tenperature ([err]C Front part
84 84 84 R alble Par t 45
45 45 I nj ection pressure (kg/cnR) 200 200
200 | nj ection time Moelding¢pnditions 10 CompnEx 8 15
Curing tiinme (second) Charging time (kécond) 22 12 50
Tenperature of manifold part er r]10 80 80
Tenperature of product par tCUrg)time 1 gg(secondyy 19

Charging pressure (kg/cm?) 200

Results of the molding operation of Examples 7 and 8 and Comparative

Examples 5-8 are shown in the following Table 10:



21" <lInjection- nDIdlng u5|ng a conventional netal nold>

Tabl e 8 Mol di ng condi tions Copmp Ex 7
cyl-inder tenperature ( O Front part
84 Rear part 22 45
I nj ecti on pressure (kg/cn{err]) 200 I njection tine
(second) Curi ng time (second)
24 ' Tenper at ure of the met d (O 185 <Tr ansfer
mol di ng> Taoll6 Tabl e 9
Mol di ng condi tions Comp Ex 8 Crr:lhar@' n

: Comp _.Comp, . p @
time (second) ltem . 12 Ex JL Ex 8 E yri 96“ & §§ nd)
61 CiTat gl Mg PTressure RO7 CNE) 200

Resul ts of tHe nbisdandgd peeyr afglon of Exai@pﬂ es Yoénd 80.8nd1&8npaddhti ved2.5

Exzarrpl es 5-8par epglaguinpdr® theg)f ol | owi ngsTpbl e248: 240 240 240 240

Comp  Conp  CRAGUCtigfAtio (B)( 4 (4+B) 690 abl &, 30 9.0 680 7 4%} g 36}
% g E>?<)371 Extofdind\cycl® s@edodiéd part ) 42 10 8 30 10.& 10920531 0

. . UCt part * % * - .
290 a4.0 CofioubMoliySt PRI %@ 1 NG R
69.0 42.1 Gelstihe aWHI0AP@g (seeohd) ( seddaq) 1380 00 39042 1420 871420 30
60 90  CoptivhtiaH Senbidydalhirhbly- 15416 PSphs ik NG54 1'?5'@6’3 153114 -

Gel time at 100 err]C (Second) 1420 1380 600 390 1420
Acti vati on enM" ng aethadp) ) 15416 &3668 432 1“1034 A5416 B5416 €
Mol di ng et hed A B- C

(Remar ks)  ((R¢mdrks) Oontl nuously rml dabl e by 500 shots atip of the nozzle

was not C“rgﬁ'é ](Z)Cc*n%muéﬁsh’} *P:f‘qh&&bléetrfﬁo@tsﬂoéh% 'tip gletk{eeﬁ{ zgle Wi &#{O@g At the

tip of the nmachi ne part so
that a cont i(AuBRis AfHbe time of 6thc shety thﬂ)rqssh'geti cyyed g dlae tip of the nozzle of

the molding machine and in the manifold part so that a continuous shot
" could no longer be made.

(3) *3: At the time of 4th shot, the resin was cured in the nozzle part of the
molding machine and in the manifold part so that a continuous shot could
no longer be made.

(4) A: Injection-molding using the mini-sprue mold

(5) B: Injection-molding using a conventional mold

(6) C: Transfer molding

The invention being thus described, it will be obvious that the same may be
varied in many ways. Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the scope of the following
claims.

we .



(3 *3: At the time of 4th shot, the resin was cured in the nozzle part of
t he nol di ng machine and in the nmanifold part so that a continuous
shaot coul d no | onger be nmade. (4) A Injection-nolding using the

m ni -sprue nold (5) B: Injection-noldi n%3usi ng a conventional nold (6) C
Transfer nol di ng The invention being thus des

obvious that the same may be varied in many ways. SucﬁlmﬁmnuHmw mnot
to be regarded as a departure fromthe spirit and scopt of tthe"i nwventi on,
and all suchwWHATIIS iGLAINEINES:as woul d be obvious to one skilled in the art
are intended to be included within the scope of the follow ng clains.

23 WHAT |'S CLAIWED |4&:method of injection-moldwghipd eroxy nfesigt rr@hﬁm mhn@;uf @n

epoxy resin mol dings wherein an epoxy rein composition possessing
| at ent - t ype “@OKY AENIOMPREFIOR iPOFICELNE & laleRI-GXRe FYHing charagteristics g, & ?’Fé?%lmtﬂbl d

whi ch d of f -

6l ot or - pl acbmmaraPc ek Biouf ¥hicha smpoak s PififeRditr & minirweunamtonta
t L t

o g of Lt HROR8E% PQ‘{il anlt B e el BT RARCH O, Aol bbb bhet is

I S subj ectedt g4 u&JﬁﬁE&' ﬂﬁ hﬂ&gﬂ resin  composition lsAd&EHoguta%%g' Bg iR

claim1l1, wherein e rreta erature at the manitold part

mei nt ai ned fdo@iPosi®iBh §§ ’h])pp?&nétg@[ﬁfdr fherdaftée thet (b dsitRnMB isabjected do mjectzon—
tenperature inthe mni-sprue part and the product part. A

met hod accorgbldgt 0 claim 1 or 2, wherein the epoxy resin corrp05|t|on S
an epoxy resin incorporated with a curing agent, a curing accel erator and
an inorganic fil2.er. A method actording Ao migithdd witreindhegnata mold tomperstuneras
clains 1-3, wherein the epoxy resin is alone or in conbination with one or
nore of o- crtbscmamﬁq@ rap)ly maistained f5ppn8ATE toy FRO°Eplowerr s nthenmstal Hagldne

type epoxy resin and hydroqui none type epox resin,
yP P 'y temperature m% e rrgm-sprue parytpand 81e B/roduct part.

3. A method according to claim 1 or 2, wherein the epoxy resin composition
is an epoxy resin incorporated with a curing agent, a curing accelerator and an
inorganic filler. |

- 4, A method according to any one of the claims 1-3, wherein the epoxy
resin is alone or in combination with one or more of o-cresol type epoxy resin,
biphenyl type epoxy resin, naphthalene type epoxy resin and hydroquinone type epoxy
resin.

5. An injection-moldable epoxy resin composition composed of an epoxy
resin, a phenol resin, a curing accelerating agent and an inorganic filler as
indispensable ingredients wherein (1) a gel time at 80°C is at least 1,500 seconds, (2)
change in melt viscosity (the maximum value of melt viscosity/the minimum value of
melt viscosity) at 100°C is not more than 10 within 18 minutes from the initiation of
viscosity measurement, (3) change in melt viscosity (the maximum value of meit
viscosity/the minimum value of melt viscosity) at 100°C is not more than 7 within 10
minutes from the initiation of viscosity measurement and (4) change in melt viscosity
(the maximum value of melt viscosity/the minimum value of melt viscosity) at 180°C

is at least 10 within 60 seconds from the initiation of viscosity measurement.



5. 7 An injection-nol dable epoxy resin conposition conposed of an epoxy
resin, a phenol resin, a curing accel erati ng agert—and—an—norganic - filler
as - i ndi spensabl e |ngred| ents wherein (1) a gel ti Cis at

| east 1,500 seconds, (2) change in neltoyiscosity ﬁ"iﬁ"'ﬁm muﬂl ue of
melt viscosity/the mninmumvalue of nelt viscosit S not
nore than 10 within 18 mnutes fromthe initiation of viscosity
measurenent, (3) change in nelt viscosity (the maxi mum val ue of nelt

vi scosity/the m né.mum Aal injectidn-muildabld epwei resin &bmpOLitidn scenrdingotee clafmars,7
within 10 mnutes fromthe initiation of viscosity measurement and (4)
change i n nevherginsz gelj tigre at 1198° Grisc ptrleasty bOOR segondd] t vi scosi ty/ t he mi ni num

val ue of nelt viscosit ) .at 180 e,l]c[gg is at Jeast 10 within econds
fromthe initiatibn of \‘/|‘§166%9“t‘9‘° ke FRORY nfesin composition °°mp°se .an €poxy

gel i at 0% & Pﬁ%q)fﬁfera'?lsi%aiﬁn TR %5 80 A Ak i e REEL”
" ecti on- ol dall . LR BS'eAUROR BORTCARRTSR] (ALY 5 L e .

phenol resin, ~a curlng acc T ot anhd an |n ganlc

i ngredi ent s y&be&e!s Oﬂ%s':al 866 skédias 3ndS )egnr g&n}aﬁn é&?%r%h@q@aéﬁﬁoﬁd&

(2) a gel .tinme at err]Cis at |leas Oseconsand

activating eagtae,d0 cdifagolr eaction is at Ieast 12,000 cal/ m)l 8.
An injection-nol dabl e epoxy resin conposition according to any one of the
clainms 5-7, whereg.n th&ndpection-meldablesepakp resincompositiod acwirdiag toidnl aneeofor
nore of o-cresol type epoxy resin, biphenyl type epoxy resin, naphthal ene
type epoxy rtbsiceimarde7hyiieregu theoepoxlyyesinep glonerarsinncombination with one or more

of o-cresol type epoxy resin, biphenyl type epoxy resin, naphthalene type epoxy resin

and hydroquinone type epoxy resin



