PHENOLIC RESI N MOLDI NG MATERI AL BACKGROUND OF THE | NVENTI ON Fia<§§ﬂ”9r@gr§j
- Invention The present invention relates to phenolic resin nolding materials
which are excellent in heat 5 stability and curability and which can be
nol ded at | ow pressures to give noldedjarticles with formation of |ess
flash. Description of the Related Art Phenolic resin nolding materials are"
superior 10 in bal ance of heat resistance, electrical character- istics,
mechani cal characteristics, dinensional stability, etc. and are used in a
wi de variety of fields such as electrical parts. In general, the phenolic
resin nmolding materials are nolded by injection nmolding, 15 and in the

cylinder of an injection ge I n viscosity to
| ose flowability and causgﬁgg?ggFgggganMPLnggtné?ggiﬁnty of the nolten

resins with progress of curlng reaction of the resins in the. plasticized
nol ten state gy dﬁﬁﬂ &ﬁ@@ﬁg’ conventional phenolic resin:
ol di ng materlgrlss er fromthe pro emsthat when they are
i nj ection-nolpdedd Rtehd adivenitionf the nolding materials nolten in the
cylinder of an injection nolding machine iis inferior and the latitude in
good nol di ng condi ti ongThies presedt. invention relates to phenolic

resin molding materlals which are excellent in heat

5 stability and curability and which can be molded at low
pressures to give molded articles with formation of less

£lash.

Description of the Related Art
Phenolic resin molding materials are superior .

10 in balance of heat resistance, electrical character~
istics, mechanical characteristics, dimensional
stability, etc. and are used in a wide variety of fields
such as electrical parts. In general, the ﬁhenolic |
resin molding materials are molded by injection moldihg,

15 and in the cylinder of an injection molding machine,
ihey increase in viscosity to lose flowability and cause
deterioration in heat stability of-the molten resins
with progress of curing reaction of the resins in the.
plasticized moléen state at 90-120°C. Therefore,

20 conventional phenolic resin molding materials suffer
from the problems thatzwhen they are injection-molded,
heat stapility of the molding materials molten in the
cylinder of an injection molding machine is inferior and

the latitude in good molding conditions is narrow.



2 Furthernore, general phenolic resin nolding materials have a-relatively
- high viscosity even in the plasticized state in the cylinder at 90-120[err]
-and the viscosity abruptly increases with curing in the stage of 5 being
injected into a nold at about 160-180[err] in order to cure the materials,
and thus, the flowability is maintained only for a short tinme. Therefore,
in order to obtain goodfunthiermare; cjeseral phemelbsscegin anobding t he
materials into a nold in a short tine and 10 under a high pressure. As a
result, a resnaterialscbavesageebabivelynhigh viscegityteversinnthae nol d,
and when the stress diffuses in the nolded articles in the cooling process
after rel eascplasbirinednstatevinpbhe eylinden at o90rL52@p¢ andother in the
nol ded articles. 15 Mreover, at,the tine of injecting,the resjn int
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occurrenceé maintained only for a short time. Therefore, in order -
to obtain good molded articles, it is necessary to.
inject the materials into a mold in a short time and
10 under a high pressure; As a result, a residual stress
is generated in the molded articles in the mold, and,
when the stress diffuses in the molded articles in the
cooling process after released from the mold, warpage or
distbrtion-is apt to occur in the molded articles.
15 Moreover, at the time of injecting the resin into the
mold under a high pressure, a space is often formed
between the molds, which inevitably causes formation of -
flashes. |
Hitherto, for the solution of these problems,_
20 the molding has sometimes been carried out while .
reducing ‘the melt wviscosity of the moldiné materials,
that is, enhancing the flowability and reducing the
injection preséﬁre; In this case, however, occurrence
of flashes can be diminished, but because of the slow
25 curing, the molding cycle becomes longer, and, hence,
this method can hardly be practically employed. °
As a result of intensive research conducted to

solve these problems, the present invention has been



of flashes can be di m ni shed, but because-of the slow 25 curing, the

- nmol di ng cycl e becones | onger, and, hence, this nmethod can hardly be
practically enployed. As a result of intensive research conducted to sol ve
t hese probl ens, the present invention Bas been -3 acconplished. That is,
the object of the present invention is to provide a phenolic resin nolding
mat eri al whi dccompkicstiednt Thatebs, sthdiobject roff Hthenpresent ate in the
eylinder of an injection nolding 5 machine, very lowin nelt viscosity and
excel | ent in iowention yis uvpwovigie BphenehT aresin aoldinlg i nventi on
basically relates to a phenolic resin nolding materi al mhlch conprises (a)

a 10 hi gh ormakeiiAdb|Hkiqh ps dpﬁié‘?ﬁﬂ-l%“’%e%‘?rh?t/ﬁf@a? y %F%Erage f

| | f 350-500 t t
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t he presentlé“gggifyhfgn further contain (e) a crystalline phenolic

SUMMARY OF THE INVENTION
The present invention basicélly relates to a
phenolic resin molding material which comprises (a) a

10 high oftho-novqlak type phenolic resin having a number-
average molecular weight of 350-500 and an ortho-
bond/para-bond ratio (hereinafter referred to as "o/p
ratio") of 1.5-2.5, (b) hexaﬁethylenetetramine, (c) a

.low-mdlecular polyolefin compouﬁd, and (d) a filler.

15 : The above phenolic resin mplding material
lcomprisipg the components (a)-(d) of the present
invention can further contain (e) a crystalline phenoiic
compound having two or more benzene rings to impart_to
the material the characteristic of being able to be

20 molded under a lower pressure, and in this case,
furthermore (£) a qompound having two or more hydroxyl
groups on a benéene ring may be added into the material
comprising (a)-(e).

The above phenolic resin molding material

25 comprising the components (a)-(d) of the present

invention can further contain (g) a monchydric aliphatic

alcohol.



conpound having two or nore benzene rings to inpart to the material the
: characteristic of being able to be 20 nol ded under a | ower pressure, and in-
this case, furthernore (f) a conpound having two or nore hydroxyl groups on
a benzene ring may be added into the n&terial conprising (a)-(e). The above
phenolic resin nolding material 25 conprising the conponents (a)-(d) of the
present invention can Moreowersothei aboye phepedhgdresinl mphding al cohol .

4 Moreover, the above phenolic resin nolding material_ conprising the
conponent s (#Wptegjiadi comprisdagnthiencompoasntsn (@dmd d)noothet he

crystal line phenolic ,conmpoynd (e) having two or nore benZﬁne rings 5 and

t he nnnohydrPﬁeﬁfpﬁh&HW9W¥¥9@hGPn(&Pqtﬁ%éoﬁﬁﬁhaFPSnFrVﬁtﬁ #&nease, t he
be added | i BRERE TG SOMBRURE, 153 BAHLRs, S5 BE BPEE PRBAGPECTiBUPNS have .
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smal |, nanel ¥, 3p3s°Udse, the compound (£) having two or more
| hydroxyl groups on a benzene ring may also be added-into
the material. |
In general, novolak type phenolic resins have
10 a molecular weight (which means the number-average
molecular weight hereinafter) of 600~1000, but when the
molecular weight is relativeiy small, namely, 350-506,
heat stability in molten state is improved and
flowability in a mold is also improved because of the
15 low melt viscosity. The molecular weight may be lower
than 350, but in this case the resin can hardly become
solid, and workability in production of the molding
- materials ié-deteriorated. If the molecular weight is
higher than 500, the heat stability and the flowabiliﬁy
20 ére deterioréted and the resin can hardly be applied to
the present invention. The more preferred range of the
molecular weight is 380-450. .
In th; present invention, the o/p ratio of the
novolak type phenolic resin is 1.5-2.5, and when the
25 ortho-bonds are increased to this range, the activation
| energy of the resin inéreases and curability of the
resin in a mbld is improved. If the o/p ratio is lower

than 1.5, the resin is insufficiently cured in a mold



heat stability in nolten state is inproved and flowability in.a nold is
- al so inproved because of the 15 low nelt viscosity. The nol ecul ar wei ght
may be | ower than 350, but in this case the resin can hardly becone solid,
and workability in production of the nglding materials is deteriorated. If
t he nol ecul ar wei ght is higher than 500, the heat stability and the
flowability afidareqditesi arabag moddihg cyele.cazfhiediy héghepl! thdnto the
present invention. The nore preferred range of the nolecular weight is
380-450. In Rh6,ptheecresinvean bardillycbe/ producedef The patdbalkst ype
phenolic resin is 1.5-2.5, and when the 25 ortho-bonds are increased to.
this range, wAceaprpierabAveidr gheorange pPEsln8rdeBeases and curability of
the resinin anoldis ingroved. If the CYesratio is lower than 1.5, the
o
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preferably 12-20 parts by weight per 100 parts by weight
of the phenolic resin.
10 Examples of the low-molecular polyolefin
compound (c) are low-molecular polypropylene, low-
molecular_poiyethylene and the like. These compounds
have a molecular weight of 300-30000. When the molding
‘material is molten and charged in the cylinder of an
15 injection molding machine, these compounds diminish the
generation of heat caused by the shear given_by a screw
and a.cylinder wall and retards the progress of curing
to improve heat-stability._ Furthermore, they have an“
'aption to reduce the viscosity of the molding material
20 in the molten state of 80-120°C. The molecular weight
of these compounds is preferably 300-3000. More |
preferred are polyethylenes having a molecular weight of
500-1500 to margedly reduce the viscosity. The amount
of these compounds is 0.1-10 parts by weight based on
25 100 parts by weight of the phenolic resin or based on
the total weight of the phenolic resin and the

crystalline phenolic compound when the latter is

contained. If the amount is less than 0.1 part by



preferably 12-20 parts by weight per 100 parts by wei ght™ of t'he phenolic

- resin. 10 Exanpl es of the | ow nol ecul ar pol yol efin conpound (c)
are | ow nol ecul ar pol ypropyl ene, | ow nol ecul ar pol yethyl ene and the |ike.
These conpounds have a nol ecul ar wei ghgg of. 300-30000. When the nol di ng
material is nolten and charged in the cylinder of an 15 injection nolding

machi ne, thesgeighi®puté abové+méntionddneceiowodftieadomsowneds bigt he
shear given by a screw and a cylinder wall and retards the progress of

curing to i npemaXl heandsifibiti 1y . moferthan N0 cpatte by aveight Acthen to
reduce the viscosity of the nmolding material 20 in the nolten state of
80-120[ err]. Stablel|echatgingeighthefinjection muidityg ilmaghizierkétgmes

300- 3000. Mbre Ereferred are pol yet hyl enes havi ng a nol ecul ar wei ght of

500- 1500 to rkkEHFYlEeduce the viscosity. The anmpunt of these conpounds is

0,5 0 pargs by vel o hescd S 20 050 PALLe: U NElal of Lhe phenol i
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compounds IS 5re organic ones such as wood flours, pulp flours, '
ground products of various fabrics and ground products
of phenolic resin laminated sheets and molded articles,
10 inorgénic powders such as silica, alumina, aluminum
.'hydroxide, glass, talc, clay, mica, calcium carbonate
and carbon, and inorganic fibers such as glass fibers
and carbon fibers. At least one of them can be used.
The proportion of the filler in the-molding material is
15 suéh that the amount of the resin component containing
hexamethylenetetraﬁine is 20-70% by weight and that of
the filler is 80~-30% by weight. Furthermore, the
phenolic resinlmolding material of the present invention
may further optionally contain various.additives such as-
20 lubricant, colorant, curing accelerator and flame
retardant. _ .

The crystalline phenolic compound (e) having
two‘or more ben;ene rings used in the present invenﬁion
means a phenolic compound having two or more benzene

25 rings which is solid at room temperature, has a definite
melting point, becomes a low-viscosity liquid ﬁpon
melting, and cures upon reacting with a curing agent for

phenolic resins such as hexamethylenetetramine. The



small, and if it is nore than 10 parts by weight, the stable charging in

- the injection nolding machi ne .becones difficult. 5 Exanpl es of
the filler (d) used in the phenolic resin nolding material of the present
invention are organic ones such as woo@ flours, pulp flours, ground
products of various fabrics and ground products of phenolic resin | am nated
sheets and noigipsit#111iné epheddl i ocGmposn@oinelvdess Nfes etample, al um na,

al um num hydroxi de, glass, talc, clay, mca, calciumcarbonate and carbon,
and i nor gani chispiresol ucémpsunds ssuéh bas sbisphemobak, fbisphenol Feast one
of them can be used. The proportion of the filler in the nolding materi al
is 15 such t Helsphenobodd; bisphenoks? nandnipispirenebr and ng
hexanet hyl enetetram ne is 20-70% by weight and that of the filler is 80-30%
by wei ght. Fuientyabives:therprfiol birhench and idenivativesm thereof, present

I nventi on may furthq& optional|y contain various additives such as 20 '
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curing agent §£éd. These crystalline phenolic compounds having two
" or more benzene fings are solid at room temperature and
10 rapidly melt by heating at the time of injection molding
to havé low viscosity, and therefore these are used for
giving to the phenolic resin molding material'a property
of being moldable under lower pressure than usual.
Normal novolak resins can also be used as phenolic
| 15 resins, but the melt viscositf can further_be reduced by
using novolak resins of lower molecular weight and, on
the one hand, the amount of the expensive crystalline
phenolic compound used can be reduced. Bisphenol F aﬁd
bisphenol A are préferréd as the crystalline.phenolic
20 compounds and especially preferred is bisphenol F..
The compound (£) having two or mdré hydroxyl
groups on the benzene ring is used for improving the .
curing rate whiie maintaining the low viscosity without
damaging the above characteristics of the crystaliine
: 25 phenolic compound. As the compound (f£), there may be
used, for example, one or more of resorcin, hydro-

quinone, catechol, fluoroglucinol, pyrogallol, and



phenol i c resihs such as hexanet hyl enetetram ne. The 7 éf;?f;ffine
phenol i ¢ conpound i ncludes for exanple, bisphenol conpounds such as
bi sphenel A, bisphenol F, bisphenol AD, bisphenol Z and bi sphenol S and
.derivatives thereof, biphenol and deri8atives thereof, 5 conpounds
containing three benzene rings such as trisphenol AP and conpounds
contai ni ng f@derivahives thegeof OncResoreibnois especiallysprefepvedds can be
'used. These crystalline ghenokic conpounds having two or nore benzene
rings are sofP8 acceberatiaperfiteueiagd 10 rapidly nelt by heating at the
time of injection nolding to have | ow viscosity, .and therefore these are
used for giving to thelBhER®IPEeFeRt LRBRRFIRAnetle i ALl R Re Y of  being
nol dabl e undeﬁ Io¥er gressu e thaﬁ ual . hgrggl novol ak; resins _can,al so be
used as phenBPPBOISC, REFAE (8)aRACRE| FTYPERLEIRS RASAPIF T HRPMRRUR G ced
by usi ng gov k LQS | ght o] . hand, the
anount of gt hgéZx%éﬁgu etgér’yé?\zliﬁ%f%gﬁ%ﬁg%%%i %\f%'g%p%%ﬁbeusedi i(§L§'1F1“E)%§:"¥educed.
Bi sphenol F aRdsBhspP o} et g5 7pdy280 /86- gallip enolic 20
conpounds ang ggpeéigﬁﬁybﬁégggg?e Fssgfsbhen%$€F§64£e conp?ﬂﬁ% (f) having
two or nore SMERAXYLE the component (e) is small, the above- |
mentioned characteristics of crystalline compound cannot
be sufficiently exhibited, and if it is large, the
10 curing is retarded. With increase in the proportion of
the COmponent (a),lthe vigscosity of the molten resin,
increases and curability is improved. Therefore, the
component (a) can be added in an any amount within the
above range depending on the purpose. The compound (f)
15 having two or more hydroxyl groups on the benzene ring
is used for acceleraﬁion of curing, and the preferable
- proportion is shown by the total amount of the component
(a) and the component (e)/the-component’(f)=99/1—90/16;
If the amount of the component (£f) is smaller than this
20 range, the effect to accelerate the curing decreases, |
and if it is larger than the range, the properties ofi
cured product decrease.
Examples of the monohydric aliphatic alcohol
(g) are primary alcohols such as methanol, ethanol,
25 propyl aléohol, butyl alcohol, amyl alcohol, hexyl
alcohol, heptyl alcohol and octyl alcohol, and Secondary.
and tertiary alcohols which are isomers of the above

primary alcohols, such as isopropyl alcohol and isobutyl



groups on the benzene ring is used for inproving the curing rate while

mai ntai ning the low viscosity wthout damagi ng the above characteristics of
the crystalline 25 phenolic conpound. As the conmpound (f), there nay be
~used, for exanple, one or nore of resgrcin, hydr o- qui none, catechol,

fl uorogl uci nol, pyrogallol, and erivatives thereof. Resorcin is

especial |y pattehbtd foOheabectbabiOfofe 68" thém tantbé wiedentThesention,
-the ratio of the phenolic resin (a) and the crystalline phenolic conmpound 5

(e) having tabcoholsr habenthecactign tenreducel theteilsgosivpecof the
preferably (a)/(e)=20/80-90/10. If the anpunt of the conponent (e) is

smal |, the aholdingematenealcharaheembitenssbaterqtt&ﬂ+l&%‘@oﬁpound cannot
be suff|C|entIy exhibited, and if it is large, the 10 curing is retarded.
Wth increasehprging ptopbetmehdéngtméteéhp néAt the)cylinder sefsaRy of the -
nmolten resin_increases and curability is_inproved. Theref t he conponent
(a) can bé aaﬁaBcFﬁ°&nmﬁﬁ91§ﬁDEﬂFh&PFh|nppgghﬁﬁovﬁh?%nﬂ%lﬁbﬁﬁhﬂ?hﬁ ton the

purpose. | TheooRRuas st lylS a2 Ak RSl ke LUARFYLaskOVERGE) | 1
they have the effect to diminish by the evaporation
latent heat the generation of heat caused by the shear
which is applied to the molding material by the screw

10 and the cylinder wall, and thus they improve heat
stability of the molding material by controlling the.
progress of the curing.reaction. These alcohols are
preferably those which have 5 or less carbon atoms and
have a boiling point of 80-140°C. More preferred is

15  amyl alcohol. These alcochols are used in an amount of
1-20 parts by weight per 100 parts by weight of the
phenolic resin. 1If the amount is smaller than 1 part by
weight, the above effect is low, and if it is 1arger
than 20 parts by wexght, the charglng of the molten

20 molding material in the injection molding machine
becomes difficult.

The phenolzc resin molding material of the -
present 1nvent10n can be prepared by blending the resin
component, hexamethylenetetramine, filler and other

25 additives, kneadinglthe blend by a roll mill, a twin-
screw kneader, etc. and grinding the kneaded product.

In the phenolic resin molding material of the

present invention, a high ortho-novolak type phenolic



proportion is shown by the total ambunt” 6f the componenf “(‘a)"and the
conponent (e)/the conmponent (f)=99/1-90/10. Lf the anobunt of the conponent
(f) is smaller than this 20 range, the effect to accelerate the curing
_decreases, and if it is larger than t{ig range, the properties of cured
product decrease. Exanples of the nonohydric aliphatic alcohol (g) are
primary al copebinsHabing &nt bpokatébhafol.522,.pr andl aalowhmblebulyk

-al cohol , anyl al cohol, hexyl alcohol, heptyl al cohol and octyl al cohol, and
secondary anwetighti efy350e800/ iswhsed ascai phenoiiof reaiénadnde prinary
al cohol s, such as isopropyl al cohol and isobutyl" 9 al cohol. One or two

or nore of tadditinnbdlysadlowhmodecudanopolpalefinccamwppundt dsreduce the
viscosity of the nolding material in the nolten state at 80-120[err] in
chargi ng of cpatadnelng Buchr phenpdichsesin madding materialcbasod nol ding

machi ne. Further, when hoili int of these alcohols is near the above
t enper at ude PSﬁ@eYlfﬁgﬁlﬁXVQQ?HBge?Péét°Fo§8VﬁFnP§hEB§ Fh@ngvgﬁﬁrﬁtion
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Inprove heat jnjection molding machine. That is, the activation -i, g

energy of the phenolic resin is high and the melt
viscosity thereof becomes very low, and the phenolic

10 resin is excellent in heat stability in the molten state
at 80-120°C. Moreover, since the material can be filled
in the mold cavity under a low pressure without applfing
an extra pressure at the time of injectioh molding,
occurrence of f£lash can be highly inhibited. .Further,

15 since the molding material can be molten at a tempera- |
ture of 70-80°C in the cylinder of an injection molding
machine, the acceleration of curing reaction can be
further inhibited and the heat stability is con-
spicuously improved. Moreover, the material is

20 excellent in flowability and curability in a mold of
160-200°C. Accordingly, the phenolic fesin_molding
material of the present invention is wide in the
latitude of moiéing conditions in injection molding and
is excellent in continuous moldability.

25 In the case of the éhenolic resin molding
material of the present invention additionally
containing the crystalline phenolic compound having.two

or more benzene rings, the curability is further



stability of the nolding material by confrolling the progress-of the curing:
‘reaction. These al cohols are preferably those which have 5 or |ess carbon.
atons and have a boiling point of 80-140[err]. Mre preferred is 15 anyl
.al cohol . These al cohols are used in appamount of 1-20 parts by weight per
100 parts by weight of the phenolic resin. If the anount is smaller than 1
part by wei gimprovedawhen theeccbmpouhdwhaeirgi twot orsmonegbydtrdxeyl 20 parts
-by weight, the charging of the nolten 20 nolding material in the injection
nol di ng nachgmeupsconeshelbenzane ring pseadded.re§incevthentowaterial of
t he present invention can be prepared by blending the_resin conponent, . -
hexanethylen@PéFF&#ﬁﬁePOﬂNPﬂéfianQOBPﬁEﬂdZSSaGQFgﬁiegd'khbﬁdmﬂﬁefhélblend

by a roll mll, _a tw n-_screw kneader, etc. ri ndi ng t he kneaded
product. In tRel Bﬁé&&ltéer§§&h WﬁﬁﬁpﬁétﬁaﬁéﬂléF prﬂgegrégent i nvention, a
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that of the low-molecular polyolefin compound, and
optionally the amount of the compound having two or more
hydroxyl groups on the benzene riné, there can be

10 obtéined a phenolic resin molding material having
excellent curability, low melt Viscosity and furthermore
high heat stability together in a wide range. Such
phenolic resin molding material has a.melt viscosity of -
103 Pa-s or lower at 100°C, and furthermore the melt

- 15 wviscosity is reduced to lower thah 102 Pa-s depending on
the proportion of the crystalline phenolic compound and
the low-molecular polyolefin éompound, and the viscosity
in the molten state in the cylinder of an injection )
molding machine is very low.

20 When the mpnohydric aliphatic alcohol is added
to the phenolic resin molding material of the present
invention, the melt viscosity is further lowered and the
flowability and“heat stability are improved. According-_
ly, by properly selecting the amount of the resin

25 component, tﬁat of the monohydric aliphatic alcohol and
that of the low-molecular polyolefin compound, there can
be obtained a phenolic resin molding material having . |

excellent curability, low melt viscosity and furthermore



5 melt viscosity of 103"Pa.s or lower at--100[err] and has-a | ow viscosity
in the nolten state in-the cylinder of an injection nolding nachi ne. That
is, the activation energy of the phenolic resin is high and the nelt
.viscosity thereof becones very |low, ah® the phenolic 10 resin is excellent
in heat stability in the nolten state at 80-120[err]. Moreover, since the
mat eri al canhihghf heaedstabibétyokdgethery inndewidel vangeess8ushwi t hout

-appl ying an extra pressure at the ti.ne of injection nolding, occurrence of
fl ash can bephegblici nesbnt moldingr maseriald hapnacmeht whsgePagt¥ao€rial can
be nolten at _a_tenpera- ture of 70-80[err] _in the %%éinder of an injection

nol di ng machitAd, PRn8 QEcLPEeRt2En1BP°Cnr ARG FurkherRore the Btk ner
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nore benzene rings, the curability is further
molding machine is very low. _
When the qrystalliné phenolic compound having
10 two oé more benzene rings and éﬁe monohydric aliphatié
alcohol are added in combination to the phenolic reéﬁn
molding material of the present invention, the melt
viscosity is further lowered and the flowability and
heat stability are improved. Addition of the compound
15 having two or more hydroxyl groups on the benzene ring
further improves curability) Accordingly, by properly
selecting the amount of the resin component, that of the
compound having two or more hydroxyl groups on the i
benzene ring, that of the monohydric aliphatic alcohol |
20 and that of the low-molecular polyolefin compound, there
can be obtained a phenolic resin molding material having
excellént curability, low melt viscosity and furthermore
higb heat stabiiity together in a wide range. Suchl
phenolic resin molding material has a melt viscoéity of
25 103 Pa-s or lower at 100°C, and furthermore the.melt

viscosity is reduced to lower than 102 Pa-s depending on

the proportion of the crystalline phenolic compound,



inmproved when the conpound having two or nore hydroxyl groups-on the
benzene ring is added. Since the | ow nolecul.ar polyolefin conmpound is
contained, the material is lowin the nelt viscosity and is inproved in 5.
flowability and heat stability. Accorggngly, by properly selecting the
‘anount of the resin conponent and that of the |ow nolecular polyolefin
conpound, anchptmarohydrid @ldphatioialidehalogndl thehdowroleeculdarior e
-hydroxyl groups on the benzene ring, there can be 10 obtained a phenolic
resi n nol di npolkgtalefin roonpopmic a@rd the wisndsitty inowheeimoltiencosity and
furthernore high heat stability together in a w de range. Such phenolic
resi n nol di n@taterinthmeylindar Gf @osiingjest ivm med dingr maghdneatis
100[err], and furthernore the nmelt 15 viscosity is reduced to-lower than
102 Pa.s depSHRFNE e t he proportion of the crystalline phenolic conpound

and t he | nol ecul ar | yolefin c ound, and.the viscQsity._ip the nolten '
state in the cylinder %&%‘r?rietﬂeé\,tt %%W%Q’%ﬁﬁ&xf’ a\?@%ﬁ 4 tg?o Lo

W.
ol di ng. mac et SR e B B A BRI T her
by pr oper 'y sel ecting (e Seiosiitons Havine/ sHe pLERAING ek P
monohydri ¢ aldmbhaddmpoténtlasihown in Tables 1-4 were kneaded by a
heating roll to obtain phenolic resin molding materials.
10 Melt viscosity of the resulting molding materials was
measuréd, and furthermore they were injection moldeqfand

stability in the cylinder and curability were measured.

The results are also shown in Tables 1-4.

Methods of measurement

15 . 1.“ Melt viscosity: This was measured by
Shimadzu flow tester (CFT-500C manufactured by Shimadzu
Seisakusho, Ltd.). i

2. Heat stability: The time from the start-
‘ing of melting to curing-was measuréd by Laboplastmill

20 (Model C manufactured by Toyo Seiki Co.).

3. Stability in cylinder: The molding
material was sﬁﬁjected to 20 shot continuous molding
(cylinder temperature: 90°C; mold temperature: 1759C;
the same conditions were employed in the subsequent

25 moldings) into a test piece of 60 mmé x 4 mm (herein-
after referred to as merely "test piece") and, there-

after, was left in the state as metered, and after



that of the 10w nol ecul ar pol yorefii conpound, there can bé obtained a

. phenolic resin nolding material having excellent curability, |ow nelt
viscosity and furthernore 12 high heat stability together in a w de
range. Such phenolic resin nolding mategial has a nelt viscosity of 103
Pa.s or lower at 100C, and furthernore the nelt viscosity is reduced to

| ower than 10Rapsesoflicpccerbtainnpéribdd of opime) oinpéct hmn neas hyalr r ted

al i phatic al cohol. and the | ow nol ecul ar pol yol efin conmpound, and the
viscosity in ewt.noTheninjection moltdingi wasrcarried ioneafter rtheli ng
machine is very low,_ Wien the crystalline phenolic conpound having 10 two
or nore benzeﬁ%aﬁﬂﬁéslﬁiﬁlﬂﬁetﬁﬂﬁoh?ﬂ@iEhﬁllﬁﬂi§$% Ieaving Gine in

Cvent on. 't Henheh: Eo cBaLEe) PateriaherLount ot ehiheb ovabi |ty and
nydroxyl of oubeEERCHABEBERSLESH, 1 P meld prR aREadRed 11 £y, 0 T
of the comound havi ng Yoo GEEABTEIETE SPBY"tudh 40F wiie GRUHRN 0ol
that of the npaghygibée ba®NPbt&iRLE00R! the mold was changed, and -

occurrence of blisters on the surface of the test piece

was examined.

10 " 5. Injection pressure: The minimum pressure

under which the material could be continuously molded |

into a test piece without causing failure such as short

shot is shownlby hydraulic gauge pressure of the

injection.molding ﬁachiné. |

15 6. Formation of flash: Flash formed on the

test piece was visually observed.



20 and that of the IOMFnDIecuIar pol yol efi n conmpound,”
a phenolic resin nolding nateri al
viscosity and furthernore high heat stability together
Such phenolic resin nolding materi al
| ower at 100[err],

or

conpound, 13
pol yol efin corfp
of an injectidg
I nvention MAIPH
by wet ght . Thes
shown i n Tabl es
nmol di ng mat er i
measured, and ¥
cylinder and
1-4. Methods O

(Amount:
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in a w de
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15 : 1. 'MI't viscosity: This was measured by Shimadzu flow
“tester (CFT-500C manufactured by Shimadzu. Sei sakusho, Ltd.). 2. Heat
stability: The time fromthe start- ing of nelting to curing was neasured
by Laboplastm |l 20 (Mddel C nmanufactyeed by Toyo Seiki Co.). 3. Stability
in cylinder: The nolding material was subjected to 20 shot conti nuous

nmol ding (cylinder tenperature: 90[err]; nold tenperature: 175[err]; the
-same conditions_were enployed in the subsequent 25 npldings) into a test

pi ece of 60 niferf][x 4 nm{(herein- after referred to as nerelly "test
pi ece") and, EHeasle-|aftsreogs left in the st@,teae rretgr@l gnd after
14 | apse of aoyadk@in @@riggowof tTn® injectionFal Carci e Bdt. The
i nj ection nol @i was carrijed out after the chadided | eaving tijme, and the
| ongest Ieavrﬁc RE—af-t-er—i ' d could be 5.
sufficiently Bl|kdlin the Jol d, was obtai ned. 4y Curability: |The time for
which the nol dadfest Rete QAL ret @ nede n t e .-m)gd:yvag &aaged, and-
occurrence of MifEsters Bnthe Surface of the teds) i ece wad exani ned.
(-
s
-1 . - Vv
IR Q e o am m @228 den
38 < (N~ <X 88w 0
g M
- 0 3 o
| ™ mmQlr o2 3w
® R PR el Qasy o
~
n o 2 & o
© © o o o
o . ~>m ™M ™M ~ O n
oIl 9 g~ <Y Qo O
ol [V I
&
N n ® S & o
- |0 Ll n n S
o~ [T g,_,nﬁl*"’ ”! "'xg“"won
o e~ 0
3 o © 2%y 8
< vl @ m | = 3
B v e Sl Ao ™ <788 ™ Of o
. M ]
>
— X
+ | ?ﬂ:‘:—s% -’
£ £ o e D 1 O o
o v g s O 8 O N -
o Q ™ ~— - - n v
3 =1 g 4 ] - ) o
™ 5 o ., Qjo o T
« > & Slo o 8 -3 B
i ‘-ldll-!a, Lio o = 0 -
- “"’8,--4 Ol ~ o ]S G o
-0 . o -~ o . > n o~ >
a P R > gld > U Y
~ = ¥ 0 u ¥ gl w ] o
o] ot S = 6 Gl -~ o4
=] T T~ T ! o e & O
o = > 3 3 “{O - > -
@ ‘o= g 0 g 3|loa o g gl =
o o & ¢ 3 ¢ Ojuwuw oL 00| =
[ &GUEHQHH--!-U-HH-—I--I“
= @ @ 0 5 9% owl> a8
] o g 8 - 8 g N < a 0 9| &5
£ > o0l0o® 0 ) & OQWlL & aOaWOE
B eAlS W X A B W@ Qe @ @ M TV M
a | £|0 -+ ©® ® O ¢ Ol @ v 3 o O] ¥H
¢ B iz mm O g EIE N O H M| ©
= g a ' 6
§ 3 @ o -
~ 2Z 0 of-‘% | Rt &
> E'F. “H &
= 3] a, e




ﬁﬁ

E -3-.‘.,5-._%;."-

Fl ash

[err]

yonw Li1ap x ’9133TT nHm> O ysel3 Jo uorjewmiod

[err]

€Sure under which the:

B

e
15 [err]

-

2X, e vetam

um pr
Formati on of fl ash:

The m ni
17 6.

i s shown by hydraulic gauge pressure of the
17

15

[err]

| nj ection pressure:

[err]

X x o o o o) yse13i jo uorjewiog
00ST 00L - 0ST 0ST 0ST 0ST (zwo/36%) @anssaad uorjoalux
0C 4 ©0ob (114 0z (114 (oas) L3TTYrqRIND se1310d
L 0Z >06 >06 >06 >06 (utw) a9puitho uy A3rTTqEIS ~01d
081 0001 >008T | >008T | >008T | >008T (088) Do00T A3TTTqE3S 3EaH
vOTXS | €0TxZ | 10TXE | tOTXS | 10TxZ | TOTX¥ (s:ed) Do00T A3T8008TA JTaW
oy £V £y 44 4 A ~ $I3Y30 pue InOTJI POOM
€ £ € . £ £ 00S = 3JybBram reINOaTOW
auatiyzadrod aenosToOW-MOT
T 1 T T Touejuad-1 .
1 Tourdoad-
ToyooTe oTaeydiTe OTIPAYOUOH | oot
€ € € € £ € apIxoxpiy wmInoted
L L L L L L m=MEmumoum=mH>numsmxwm
127 127 124 127 44 124 uTsax YeTOAON
8°0 Tz | T°1 1°2 8T 8°1 orjezr d/o
059 0SS 0zy | S6¢€ SOv S0V Jybtom aernoatow abeisae-iaqunN
. . UTS91 YeToAON
18 6 8 1T 0T 6
a1dwexy aatjeieduwo) atdwexy

5.
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at 100[err] of 103 Pa.s or |ower, which i's considerabl?“f@ﬁfoﬁéf t han t hat
. ~of the conventional phenolic resin nolding naterials (104-105 Pa.s), it can -
be favorably nolded using an injection nolding machine provided with a
screw having a conpression ratio of ajgleast 1.5 or a screw having a check
ring which is generally used for 20 injection nolding of thernoplastic

resin nolding material s is ¥Eéd tPest AEDED the dbove exampledpngheéc resin
-nmol di ng material which contains (a) a high ortho-novol ak type phenolic

resi n havi ngphenoiier resénagoldihgcmateriel ghf tlié 3pdesent aimvention

orthe-bond/para-bond ratio of 1.5-2.5, (b) hexa-' nethylenetetramne, (c) a

| ow- nol ecul akspbigbl &ni flowabblhbyaand(heat stability in the malbernolic

resin nol ding material according,to claim1l which additionally contains (e)

a crystal | i n8tpkenandcexenpsens ABvrHgabibiby i%r%lﬁknE%ﬂEeFﬁgEEQSB. '
mat eri al, accordin ich,additionally

?bgP;PgLIgg;sgggﬁggkgépgeeaFPﬁﬁéff afcbf F£§b£§?é£éélﬁgﬁﬁehﬁ!ic resin
ol i g, Ml CpbbaBT96Y, "Y1h8eCk AL TedslbE " 2ILLLLOP L VehE hEL B0 ) 2
material molten in the cylinder of an injection molding
machine is controlled and rapidly cures in the mold in
injection molding. Furthermore, formation of flashes
.10 can be inhibited; because injection molding can be
carried out under low pressures.
' Moreover, since the phenolic resin molding
material of the present invention has a melt viscosity
at 100°C of 103 Pa-s or lower, which is considerably
15 lower than that of the conventional phenolic resin
molding materials (104-105 Pa-s), it can be favorably
molded using an injection molding ﬁachine piovided with
a screw héving a compfession ratio of at least 1.5 o:“a
screw having a check ring which is generally used for

20 injection molding of thermoplastic resin molding

materials.



‘phenolic cohpbasa\ﬁavrﬁﬁ“Tmb“or~ﬁnre benzene rings and (g) a fronohydric
aliphatic alcohgu , “ﬂw, henolic resin nolding material according to
"ﬂ ﬂcont ains (f) a conmpound having two or nore

claim2.or 4 wh
hydroxyl groups on t het benzenes I ng A phenolic resin nolding

material according to claim1, mhereln t he | ow nol ecul ar polyolefin

conmpound (C) WHATPESY CLAIMEDe I83vi ng a nol ecul ar wei ght of 500- 1500. 7.
A phenolic resin nmolding materi.al accordihg to claim3 or 4, wherein the

nmonohydri ¢ alli.phati c aRcpheholdr kesif moliding matéokaktwhichnd a boi I i ng
poi nt of 80-140[err]. - 21 8. A phenolic resin nolding nmateria
accor di ng t oconkiaing, (aﬂenehnghhor&hounpvoﬂahexxpstpyeanbtgtraaine (b) is
7-30 parts b i ght per 100 parts by weight of the phenolic resin_(a). 9.
A phenolic rééﬂﬁnﬁoﬁdPﬁgbﬁﬁréNF5?9&c@QAGFHéaFoWGPSFﬁ1Qf 350r520 apdrein the

welght per 188 BATPO-BHRAZPERA-BPTEnSaSHENBE, & -S5et s ( AP oPERRS total
amount  of thﬁeQﬂ?&%h %e&?ih&n@a)(iqd t&%w-ﬁ%i%@hlar polyolefin

compound and (d) a filler.

2. A phenolic resin molding material according to
claim 1 which additionally contains (é) a.crystalline
phenolic compound having two or more benzene rings.

3. A phenolic resin molding material according tg'
claim 1 which additionally contains (g) a monohydric
aliphatic alcohol. '

4. 'A-phenolic resin mblding material according to
claim 1 which additionally-contaipé (e) a crystallihe
phenolic compound having two or more benzene rings and
(g) a monohydric aliphatic alcohol.

5. . A phenolic resin molding.material according'fo
claim 2 or 4 which additionally contains (f) a compoun&
having two or more hydroxyl groups on_the benzene ring.‘
6. - A phenolic resin molding material according to
claim 1, wherein the low-molecular polyolefin compound
(c) is polyethyiene having a molecular weight of 500-
1500. '
i - A phenolic resin molding material according té
claim 3 or 4, wherein the monohydric aliphatic alcohol
(g) has 5 or less darbon atoms and a boiling point of

80-140°C.



| i ne phenolic co : ‘A phenol i c resin 15l ding material R
. according to clai l%miltinn)nwmnamunt of the resin component including = . -
hexanet hyl enet et r y weight and that of the filler is 80-30% .
by weight. 11. p henol i‘c fesinopl ding material according to claim?2

or 4, wherein the bl endi ng wei ght ratio of the phenolic resin (a) to the

cryst al l'ine p8enolic coapphefolis tésin)mQPdiR/ MPe@PidD.adéording td _
phenolic resin nolding material according to claim1, wherein the anount of

t he nnnohydrlclalnpmatwheaémnhbhe(gmouat192thaamethylenegetrqmmnéo0 parts
by wei ght of the phenolic resin.

(b) is 7-30 parts by weight per 100 parts by weight of
the phenolic resin (a).

9. . A phenolic resin mdlding'material_according to
claim 1, 2 or 4, whérein the amount of the low-molecular
polyolefin compound (¢) is 0.1-10 parts by ﬁeight per
109 parts by weight of the phenolic resin (a) or the
total amount of the phenolic resin (a) and the crysfal—
line phenolic compound (e).

10. A phenolic resin molding material according to
claim 1, wherein the amount of the resin component _
including hexamethylenetetramine is 20-70% by weight and
that of the filler.is 80-30% by weight. |
11, . A phénolic resin molding material according to
éléim 2 or 4, ﬁhereig the blending weight ratio of the
phenolic resin (a) to the crystalline phenolic compound
(e) is (a)/(e)=20/80-90/10. )
12. A phenolic resin molding material according'to
claim 1, whefein the amount of the monohjdric aliphatic
alcohol (g) is 1-20 parts by weight per 100 parts by

weight of the phenolic resin.



