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1 - METHOD FOR CROSSLI NKI NG OF | SOPRENE- Ao 2.~
ISCBUTYLENE RUBBER AND CROSSLI NKED RUBBER PRCDUCF#®-¥A”%
B¥ SAI D METHOD 5 Background of the Invention (1) Field of 't )
I nventi on The present invention relates to a novel nethod
for crosslinking an isoprene-isobutyl epe rubber which is a synthetic
rubber, as well as to a crosslinked rubber product obtained by the 10

met hod. (2) Descri p%%pﬂ 1 )
| sopr ene-i sobutyl ene rubber ?E)e??i%rra er a I§Ie}€7Gea()E OPRENE" butyl rubber”
in sone cases) is produMBUWﬁHaENEyREB%RMD@ROSSMN&EB@BﬁER

| sobutyl ene, has an uns le % and is a
known synt hetic rubber. %ﬁéb Qg%ﬁw%ﬁuﬁggﬁ%ﬁﬁﬁgﬁol ow gas
perneability, electrical insulation, heat resistance, danpi ng property,
resistance to acids and alkalis, |ow water absorp- tion, etc., and is
in use in roabbBackgtoumd ofithednivention aut onoti ve t ube, packing, rubber
stopper, o-rin For crosslinking of butyl rubber,

t here have bee&)kﬁﬁﬁ Ozfthqm‘@éltm hods, i.e. sulfur crosslinking, quinoid

crosslinking and resin The p(i %Mrﬁ%n %la&?ﬁfs&i@ﬂlrﬁlgﬂf’%ﬁﬂﬂqk' ng is

nost preferred in order arn a Ccross er which
satisfies the gogslinkiknbs 1sogré1@é -isstAityl@sd ﬁﬁbhmewhlx@}wwarﬁgmh%mn set,

hi gh hardness, high electri 5 cal insulation, low corrosivity to rret al S,
etc. rubber Regueldiasgta a@r@&s&mkaghwbhﬁr mmsiwtuqhtakrge %y

r ubber, ther a the foll ow ng description in p. 117 of PO_YSAR But ylI
Handbook" #8sJ/&§ }6 0%pol ysar Co. in 1996. " POLYSAR But |
conmpounds wi t h(zgxgggghg%&l Me PYidresrtst ance and | ow conpression set can
be .obtained by Curing with di_met hyl ol phenol resins. Hal ogen-bearing
activators are custom Isoprene-isobutylene rubber (hereinafter abbreviated to

"butyl rubber" in some cases) is produced by copolymerization of
isoprene and isobutylene, has an unsaturation degree of 0.5 to 3

15 mole %, and is a known synthetic rubber. Crosslinked butyl rubber
has low gas permeability, electrical insulation, heat resistance,
damping property, resistance to acids and alkalis, low water absorp-
tion, etc., and is in use in rubber vibration insulator, automotive
tube, packing, rubber stopper, o-ring, etc.

20 For crosslinking of butyl rubber, there have been known
three methods, i.e. sulfur crosslinking, quinoid crosslinking and resin
crosslinking. Of these, resin crosslinking is most preferred in order
to obtain a crosslinked butyl rubber which satisfies the requirements
for heat resistance, low compression set, high hardness, high electri-

25 cal insulation, low corrosivity to metals, etc.

Regarding the technique for crosslinking of butyl rubber,
there is the following description in p. 117 of "POLYSAR Butyl
Handbook" issued by Polysar Co. in 1996.

"POLYSAR Butyl compounds with exceptional heat

30 resistance and low compression set can be obtained by curing with

dimethylol phenol resins. Halogen-bearing activators are custom-




2 arily used in conjunction with the resin, but it is possible to

pr oduce sati sfactory cures w thout activation by curing at high

t €nper at ur e, especially with high unsaturation POLYSAR Butyl rubbers.”
Thus, a butyl rubber beconmes a crosslinked butyl rubber 5 of good
properties by adding only a dinethyl phenol2resin thereto and conducti ng
crosslinking at 180 to 210[err]C. The crosslinked butyl rubber has good
properties in isst t
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rupver. That 1s, —carbonnfl,ack bt gﬁ?b%‘ H3G# 88 atrogglifikbd HutfrifBeL ! a

certain hardness to a c as an upper
linit in the agfly @a@Prep@tms whedding o@ﬂpasdmi@cﬂylpheﬂomm thebbts anmdst

have electrical Insulation; in such a case, heref ore, use of car bon
bl ack al one |scmlmteng@r@sslmkmlgeatob$%madOC Thecmeslikkedtu Kokt rubber to
have a desired ossllnked but rubb

product havi ngf ‘éalﬁ‘? ﬁaﬁgpa &&P&F@eﬁm heaﬁii?ﬁls P‘L’Yb‘b‘EPPF%?%? S€
packing for hi Qféc{?xr18§15ﬂ{s‘?1‘l¥.‘ﬁ5ﬁraﬂ’d 981’1%@@1%%0 e%%%' PoweRbe wheh there

el ectrolytic capacito produci ng such a product, a
sil ane coupl i ng mgpnte&asarosshhked hmtyblrubhexahdvrng)gomb ebeotbival bhaela- t o
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hi gh hardness crossBhkef Bty @dbbeeVvaleit.is! berboar Bleks witichiisatsedsasiast abl e.
For exanple, the hardness obtained di ffers dependi nglgetkb upon whet her a

silane i s addefillenta impartaccestain biardnesoto aicagsgin uéy] mweber added
separately. FULper, uhen 5 o S2et LXDE MAoaEt C2uthount wRGEHER A Xor
15 linked butyl rubber must have electrical insulation; in such a case,
therefore, use of carbon black alone is unable to allow the obtained
crosslinked butyl rubber to have a desired hardness. Examples of
the crosslinked butyl rubber product having a high hardness are a
hard butyl rubber roller, a packing for high-pressure-water pipe and
20 a sealing rubber for electrolytic capacitor.
In producing such a product, a silane coupling agent has
been used, in addition to carbon black, to obtain a required hardness.
The silane coupling agent includes silanes such as vinylsilane,
mercaptosilane, aminosilane and the like. When a silane 1s added,
25 the silanol group of the silane reacts with silica or clay (which is
added as other filler), whereby a high strength and a high hardness
are obtained; however, the hardness obtained is unstable.
For example, the hardness obtained differs depending
upon whether a silane is added in a mixture with silica or clay or a
30 silane is added separately. Further, when a closed type kneader (e.g.

a Banbury mixer) is used and when a silane is added to a compound



3 ¢ (araw material nmixture) of 150[err]C or higher, no stable hardness

1S obt ai ned because the silane is vaporized or its reaction with silica
or® clay is unstable (thus, there are indefinite paraneters). The reason
therefor is thought to be that the reaction of the silane with silica or 5
clay is difficult to control. 3 Production of a crosslinked
butyl rubber of high hardness by resin crosslinking is possible by

usi ng a hal og &m&%ﬁéﬁnﬁmuﬁe@ SO}flnlrg leo%rl%i%?eﬂr n& Rt dddbler) in

conmbi nati on with enol re 1s no upper limt to the

amount of car htabhad bedfuss €He silamedf vapozizedeor itonpachion withesilica drs not
preferred depend- | ing upon the application of the crossljnked butyl
rubber obt ai nedlay is unséablesdhiise theregemindafizute panapelarse hae ypason

crossii nked buFeor is thaeht o Bt ircReateRitof e Biahg il Milfe g
because thegcoipyvl dﬂ’g}tgﬂt%%%f@?” al mxture) used for production of
such a cross- Y ?i nked butyl rubber has | ow nol dability or_ because the

crossl i nked butyl rRushrctint of aetossdimnkeshbutdctubbexlofihighl hardmress
Herein, "butyl rubher of high hardness: refers t but yl rybber having
a JIS-A har dnel}bér%?lndi}'%ﬁﬁ?gm&lﬁﬁﬁﬁ%gksﬂlﬁpsﬂg @@g%ﬁgmgoun& te%t%mar y of

the Invention i o) chlor 5 er) B €OH{IARa® a'giferigitd ng the

above- rrenftl?one?ing%%'l ens %&t e pri o? art by providing (a) a novel

met hod 25 for wisdssiwheki thera iBuidhippablietitwbitheameant oficahison blsckg any
hal o- gen conpound and (b) a crosslinked rubber product of gigh
hardness 10 ohsedl.nbigelnf a helogamermpaynd, however, 1s not preferrad depeBfect of

eyl obher | WhERR the ARl 8f fhe croddfifKed B FubBer SheaRldLK! "9 2
because the halogen compound may cause metal corrosion. Further,
increase in carbon black amount for production of crosslinked butyl
rubber of high hardness is not preferred, either, because the com-

15 pound (raw material mixture) used for production of such a cross-
linked butyl rubber has low moldability or because the crosslinked
butyl rubber obtained has low electrical insulation.

Herein, "butyl rubber of high hardness" refers to a
butyl rubber having a JIS-A hardness or durometer-A hardness of

20 80 or more.

Summary of the Invention
The present invention aims at alleviating the above-
mentioned problems of the prior art by providing (a) a novel method
25 for crosslinking a butyl rubber with a resin without using any halo-
gen compound and (b) a crosslinked rubber product of high hardness
obtained by the method (a).
The first object of the present invention is to provide a
novel method for crosslinking a butyl rubber with an alkylphenol-
30 formaldehyde resin without using any halogen compound. The

second object of the present invention is to provide a crosslinked



30 formal dehyde resin without using any hal ogen conpound. The second
abj ect of the present invention is to provide a crosslinked

4= rubber product of high hardness obtained by the above crosslinking
nmet hod. The third object of the present inventionis to
provi de a novel method for crosslinking a butyl rubber wth an

al kyl phenol - 5 fornal dehyde resin, wherein a hydrazi de conpound or a

hydrazi de no‘}?ﬁ"&dﬁ&q 0 igﬂ%a(rd%&%g%gﬂgﬁ%g%ﬁg éuav%%'ggﬁﬁk wi t h

t he al kyl yade Tesin an gen conpound TS used.
The fourth objgethed. the present invention is to provide a crosslinked
rubber product which has good nol dability, causes no pmetal corrq- 10 sion,
and is excellent in el éEheitbatd phiegt af tl paesenti igiventiomaisdiorEovide a

ol | oui g deschPpth Baod tor crossHRleSE oty SHEREE BRI alielpBshal LT '
invention age poliAefiyde regﬁri, wherein a hydraZilezomepiesd bera hydsszideki ng an
i soprene-i sobutyl ene rubber, which conprises adding, to an

i sopr ene- i sobugothpoendubdan epoxyacomphlyhdeeaksedoimednibiyaidonexith thel a
hydr azi de conpoyn or crosslinkin

; (2).a t ho _ an
i sopr ene-i sobudi YSHQGHOl'er%MehYMi@ﬁ%@@r@%géi% ¢QynpPPyng s used.

hyat oot ge conplihdOaREH BRRCt of Fp8 ReBedt ARRARIGH & IPHASINE Efcselinidd,
crosslinked ruplsePprsbisdt whic Rad gowd trheldaibility, causeridvoshefa) corrot 2) .

In the above nethod (1) and/or (2), the amount of the 25 |
i sopr ene- i 30busiphe andrisiaxeellent i0@leeirical pyswatipn and highipupardness.  tnhe

oyl henol o rl ey, L e5L i S b 25 B0 By BH U Hh ek g
of the epoxy conpaihl ths Blwifg HiseAptivndy Wei ght.
The above objects of the present invention are achieved
by: _

15 (1) a method for crosslinking an isoprene-isobutylene
rubber, which comprises adding, to an isoprene-isobutylene rubber,
an alkylphenol-formaldehyde resin and a hydrazide compound;

(2) a method for crosslinking an isoprene-iscbutylene
rubber, which comprises adding, to an isoprene-isobutylene rubber,

20 an alkylphenol-formaldehyde resin, a hydrazide compound and an
epoxy compound; and

(8) a crosslinked rubber product obtained by the above
method (1) or (2). |
In the above method (1) and/or (2), the amount of the

25 isoprene-isobutylene rubber is 100 parts by weight; the amount of
the alkylphenol-formaldehyde resin is 5 to 25 parts by weight; the
amount of the hydrazide compound is 0.1 to 5 parts by weight; and
the amount of the epoxy compound is 0.3 to 10 parts by weight.

The alkylphenol-formaldehyde resin is a compound repre-

30 sented by the following formula (1):



The aikprhemhfb’r’r?a’l’ElEﬁyde resin is a conpound repre- 30 sented by the
5

f.ol 1 owi ng f or qula. (ghiaced [err]
Sheet%B%?‘t : mwerei nnis Oto 10, Ris an aliphatic alkyl group
TR

R* Thps
atons, and Rerr] is -CHerr]- or

h?:l\fll[ Q?r]l(;m%m‘\“\\ﬁ“ The hydrazi ¢ge conpound is at |east one kind

of hydrazi de conpound sel ected fromthe group consisting of the dibasic
acid di hydrazi des and carbodi hydrazi de represented by the follow ng 10
formulas (2) to (5): 0B “[err] %8 [wherePh X and Y may be the
same or different and are eachh_a 15 hydrlgen an al kyl group having
1 to 5 carbon atons; Rﬂbﬁ(? ﬂro 0 UpC £ resented by
[err] 20 (wherein R is A gen at nmef h oup or a hydroxy
group); n is a nunber of 0 2; a S er of 0 to 20 (n and m
are not 0 sinul taneously)] g R 0OR 0

5 whereinnis 0 to 10, R is an aliphatic alkyl group having 1 to 10
carbon atoms, and R'is -CH,~ or -CH,OCH, -.

The hydrazide compound is at least one kind of hydrazide
compound selected from the group consisting of the dibasic acid
dihydrazides and carbodihydrazide represented by the following

10 formulas (2) to (5):

0 X Y 0
] ] | ] (2)
RANHN—C—[— (CH=C)n—, —(CH)m—] —C—NHNHR

[wherein X and Y may be the same or different and are each a
15 hydrogen atom or an alkyl group having 1 to 6 carbon atoms; Ris a
hydrogen atom or a group represented by
_ v

ne

20 (wherein R’ is a hydrogen atom, a methyl group or a hydroxyl group);
n is a number of O to 2; and m is a number of 0 to 20 (n and m are not

0 simultaneously)],

R\ /0 :
] s !
05 R HNNHC—(CHz)n—N\ /N— (CH3)n—CNHNHR’ (3)
i
0

[wherein R is a hydrogen atom or an alkyl group having 1 to 10
carbon atoms; R'is a hydrogen atom or a group represented by
R”
30
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[err]" [wherein Ris a hydrogen atomor an al kyl group having 1 to 10
carbon atons; R is a hydrogen atomor a group represented by [err]
6 ° (wherein R' is a hydrogen atom a nethyl group or a hydroxyl
group); and n is a nunber of 1 to 10], [err]

[wherein Ris a hydrogen atomor a group reepresented by

R [err] 10 (wherein R is a hydrogen atom a nethyl

group or a hquﬁaxjgin R" 'Qré)ﬂﬁg%%%é}{‘gtom, a methyl group or a[lzféfdﬂoxyl Specific

exanpl es of the hydrazide co are carbodi‘hydrazi de, I5 adipic acid
di hydrazi de, srbag)candimisy draabeeof dddddinedi oi ¢ aci d di hydr azi de,
| sophthalic acid hydrazide, maleic acid hydrazide,

0 0
RHNNH%@—@NHNHR )

[wherein R is a hydrogen atom or a group represented by
RI

10

10 (wherein R' is a hydrogen atom, a methyl group or a hydroxyl
group)], and

]
H,NHN—C— NENH, (5)

Specific examples of the hydrazide compound are carbodihydrazide,

15 adipic acid dihydrazide, sebacic acid hydrazide, dodecanedioic acid
dihydrazide, isophthalic acid hydrazide, maleic acid hydrazide,
decamethylenedicarboxylic acid disalicyloylhydrazide, eicosanedioic
acid dihydrazide, 7,11-octadecadiene-1,18-dicarbohydrazide, and 1,3-
bis(hydrazinocarboethyl)-5-isopropylhydantoin.

20 The epoxy compound is at least one kind of epoxy com-
pound selected from the group consisting of a bisphenol A type epoxy
resin, a bisphenol F type epoxy resin, a bisphenol AD type epoxy
resin, a bisphenol type epoxy resin obtained by substituting one
methyl group added to the skeleton of bisphenol AD type epoxy

25 resin, with an alkyl group having 2 to 12 carbon atoms, a phenolic
novolac type epoxy resin, a cresol novolac type epoxy resin, a tri-
phenylmethane type polyfunctional epoxy resin, an alicyclic epoxy
compound, a naphthol-modified novolac type epoxy resin and an
epoxy compound of glycidyl o-, m- or p-phthalate or o-, m- or p-hydro-

30 phthalate type.



decénethylenedicarboxylic acid disalicyl oyl hydrazi de, eicosanedioic
aci d di hydrazide, 7,11 -octadecadi ene- 1, 18-di carbohydrazide, and 1, 3-

bi‘s(hydrazi nocar boet hyl) - 5-isopropyl hydantoin. 20 The epoxy
conpound is at |east one kind of epoxy com pound sel ected fromthe
group consi sting of a bisphenol A type epoxy resin, a bisphenol F type
epoxy resin, a bisphenol AD type epoxy resin, a bisphenol type epoxy
resin obtai nedgPisf PATridtidh B8 thS thyl group added to the skel eton
of bi sphenol AD type ep(}; I% rgsﬁ)nrawm an al kyl group having 2 to 12

carbon atons, a phenol |E1g 1 showsithe crygslirdrngycuress of Exampbol amd ol ac
type epoxy resjn, a trj en t.ha pol yfuncti onal epoxy reS| n,
an alicyclic € Bﬂl})alaﬂ%ﬁ'ﬁél}ﬁg ﬁog'gﬁéﬁﬁaily ét?d’?qrﬂé‘@ HEFEHERINE Fg
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7 Brief Descripti diigof2 éKtﬁNQltBWcBwshnkmg curves of Exfdrgplel 3giads the
crosslinking curves of Exanple 2 an arative Exanple 1 obtained by
the torque rrea@ammwarcmeaﬂaampleaz oh‘@ﬂpedrhyg)h@tqm@emasﬂr@nemanadat| ng

r heonet er ows tﬁ cros |Iﬂk|€lg curves of Exanple 3

and Corrpar%ﬁ 19¢ CE;?XH%‘% Use 8 FHiOSEHIaHNE B e?%e& nmeasur enent made

at 190[err] C by the USEF% &?Q%hé%&'i}é@l grﬁfr%és of Example 4 and Fi 9. 3
shows the crosslinking curves o Conpar ative Exanple 3
obt ai ned by t hGompayativeeBxangterd ohmiﬁed(byadthelﬂﬁkmerméabymmenmsnadé an
oscillating rheongete ) shows the crosslinking curves
of Exanpl e?@ aﬁfdw()ébﬁﬁ’b&r%ﬁq QEaEMﬁﬂfaéﬁnS heemetekt ai ned by the torque

measur enent made atg:190[ f rret er.
Fig. 5 shows the crossIF]L %nsg{cié:&gécgb%&rﬁng Cﬁgeg%g'ﬂf@i&npar
Exanpl e 11 obt@bpgfhrativeExhfiples ieré ¢ chtaitedBbsehe torqhekﬁ@ﬁgﬁfdrﬁem t he

use of an oscillating rheoneter.
made at 190°C by the use of an oscillating rheometer.

Fig. 5 shows the crosslinking curves of Example 10 and
15 Comparative Example 11 obtained by the torque measurement made
at 190°C by the use of an oscillating rheometer.

Fig. 6 shows the crosslinking curves of Examples 14, 16
and 17 and Comparative Example 14 obtained by the torque mea-
surement made at 190°C using an oscillating rheometer.

20 Fig. 7 shows the crosslinking curves of Example 26 and
Comparative Example 18 obtained by the torque measurement made

at 190°C by the use of an oscillating rheometer.

Detailed Description of the Invention
25 The present invention is described in detail below.

The isoprene-isobutylene rubber (butyl rubber) used in
the present invention is produced by copolymerization of isoprene
and isobuytlene, has an unsaturation degree of generally 0.5 to 3.0
mole %, and is a known synthetic rubber.

30 The scope of the present invention does not include any

halogenated butyl rubber obtained by adding bromine or chlorine to



Fig. 6 shows the crosslinking curves of Exanples 14, 16 and 17 and
Conpar ati ve Exanpl e 14 obtained by the torque nea- surenent nade at
190[err] C using an oscillating rheoneter. 20 Fig. 7 shows the
crosslinki ng-curves of Exanple 26 and Conpar ati ve Exanpl e 18 obt ai ned
by the torque neasurement made at 190[gerr] C by the use of an
oscillating rheoneter. Detail ed Description of the Invention 25

The present i ' | ' ' tail bel ow. Th

i soprene-i jsobgﬁagéhg%%g%mﬁ?%?%ﬁ%ﬁgr?I useg :)\r/]v t he present ©
|hnvent ion i ts pr?pluceg iISheC@lm?llyhenblzlﬁilrm%idehydecrpshnused Indhe presbuyt | ene,
as an unsaturation degree o 519,30 nol e .% '
known synt het iavenBpacasbe any al ?fil?hel%/ﬂefomﬁgéehyd? H’E?ﬁf@éﬁﬂl BB i on
does not i ncl uge ANy usedThBENRLEE cPodelinkitB REb AR ibBE: B¥edi¥hBGo

brom ne or chl

i sopr ene- i obyhulRR8eht PRintion, and has no pafiieukirkidspiietioh: flowaivéehyde
resin used I n the present I’ nvention can be ané al kyl phenol - f or mal dehyde

r e; ibn whi ch g@nrd;mund of télativelylywuneleculax meighthaviomatbyielgram but yi

rubber according tqQ 5 th t o [ h '

restriction. L@)\%@@&Rre r%bgrrgzﬁt%n G:fg‘\{’oegé ';033%?3631 Vg?sﬁlﬁ’ﬁ}%%ﬁ% aa\r/vei ght

having methyl ol..gr.ouRe tIOW-m%}é’cﬁﬁQr Eéﬁféﬁﬁﬁ?ﬂsyeacﬂ‘f‘éﬁ'e@éﬁt&?b?rth%%ﬂbw- used,
a X ow nol écul a

for exanpl e, _ ure o r compounds each represented by
the follow ingifegmfidarl).a (1): 10 [err]
R R R

10 oH OH of

A (AN LA
HOH,C—+€ 3R C R’ € 3—CH0H
CORACIPAC
R R R
wherein n is O (zero) to 10, R is an aliphatic alkyl group having 1 to
15 10 carbon atoms, and R'is ~-CH, - or ~-CH,0CH, -. Such compounds
are commercially available as, for example, TACKIROL 201 (trade
name, a product of Taoka Chemical Co., Ltd.) and HITANOL 2501
(trade name, a product of Hitachi Chemical Co., Ltd). The amount of
the alkylphenol-formaldehyde resin added is 5 to 25 parts by weight,
20 preferably 10 to 20 parts by weight per 100 parts by weight of butyl

rubber. When the amount is less than 5 parts by weight, no in-

(1

tended effect is obtained. When the amount is more than 25 parts by
weight, the sticking of raw material rubber is striking, resulting in
reduced operability. Therefore, such amounts are not desirable.

25 Use of a halogenated alkylphenol-formaldehyde resin
wherein the methylol group is substituted with bromine, or use of a
halogenated alkylphenol-formaldehyde resin wherein the benzene
ring has a halogen subsituent(s), is unsuitable for the objects of the
present invention and is not included in the scope of the present

30 1nvention.



wherein nis 0 (zero) to 10, Ris an aliphatic alkyl group having 1 to 15

10 carbon atonms, and R is - CHerr] - or - CHerr]OCHerr] -. Such
conmpounds are comrercially avail able as, for exanple, TACKI ROL 201
(trade nane, a product of Taoka Chemi cal Co., Ltd.) and H TANCL 2501
(trade nane, a product of Hi tachi Chem cal 9Co., Ltd). The amount of t he
al kyl phenol - f or mal dehyde resin added is 5 to 25 parts by weight, 20
preferably 10 to 20 par

rubber. When the armuntTl S ss t aﬁ&%&)ggl%gsﬁ%&%%%p%%ﬁ ﬁ{véﬂﬁdﬁ nded

effect is obtacarbe a\/msehydlnaznimmeandmselohgaem Rcambe efifey:tively waiedht ,
e L R e of B gl Hvontion " 522
oroup 1 Subet FON PP RROB PR ?Ege?f%@ hjgiales arei¥iabed oF L
al kyl phenol 5f Of@wddﬁlﬁyﬂﬁtlbeﬁbﬁsi&*‘@i&lhy&rhﬁld&ndﬂﬁ‘@sm aCId bydrAsileg hal ogen

subsituent(s), is unsuitable for the objects of present invention
and is not inchading adlstdvalts)m;sketﬁtonhp bhels@amfhhydmdesnhydram e

9 The hﬁgﬁaZId und USF ﬂ the resent nv

can be any hydfPPAUnds b sfgpckon of eastipnehydrogemalom for

the resin crosgyboKH ggetsé%%a by tRDEBo h&HFaﬂﬂ%sc%%?éngﬂ @tw% benzmg

However, particularl referred hydrazi des”are satura or unsat u-
rated al i phatiacidi basine oaqi-toluyticesides;o-dirbami p-oaybenhyidraxid desrbo-  havi ng

a hydantoin sk Jet ht ha acid hydrazi des; hydrazide conpounds
obt ai ned b}oa Iiaéﬁf%fa’é%a f@‘f'fvl? hydr ogen at om of the two -NH[ err]

poseEies b1 e RGO s
and so forth. canbe mentloned d%ﬁ“b%dﬂgvdxta(‘zl@é( ae[ﬂiibﬁ,saéiﬁ dﬂfydﬁiﬂf&e? 's@%acm
e

conmpound, there can be nention car bo |hydra2| e, ﬁl c acid

di hydr azi de, satiddiydrazidecdedd¢npamedioidacidddbydrasie, xsoahi: aliclagid azi de,
| sopht hal i ¢ aggiX(AIF%Q%y g{gﬁéiﬁd%éld%yﬂa%&g Idjeca)x/netillyllenédlcarboxyhc acid

decanet hyl ene
15 disalicyloylhydrazide, eicosanedioic acid dihydrazide, 7,11-octa-

decadiene-1,18-dicarbohydrazide, and 1,3-bisthydrazinocarboethyl)-
5-isopropylhydantoin.

The amount of the hydrazide compound used is 0.1 to 5
parts by weight, preferably 0.3 to 4 parts by weight (when hydrazide

20 compounds of two or more kinds are used, the amount is their total
amount), per 100 parts by weight of butyl rubber. When the amount
of the hydrazide compound used is less than 0.1 part by weight, no
intended effect is obtained. When the amount is more than 5 parts
by weight, no additional effect is obtained.

25 By adding, to a butyl rubber, a alkylphenol-formaldehyde
resin and a hydrazide compound to give rise to crosslinking, a cross-
linked rubber of high hardness can be obtained. By this crosslinking
method, the first, second and third objects of the present invention
can be achieved. This method of the present invention is most

30 appropriate when the obtained butyl rubber is used as a sealing

rubber for capacitor of aluminum electrolysis, because the rubber



15 disalicyl oyl hydrazi de, eicosanedioic acid di hydrazide, 7,11-octa-
decadi ene- 1, 18- di car bohydr azi de, and 1, 3-bi s(hydrazi nocar boet hyl ) -

5-7 sopr opyl hydant oi n. The amount of the hydrazi de conpound
used is 0.1 to 5 parts by weight, preferably 0.3 to 4 parts by wei ght
(when hydrazi de 20 conpounds of two or norl® ki nds are used, the anount is
their total anount), per 100 parts by weight of butyl rubber. Wen the

amount of 6&1&&%@?&@5%&& Bpused is less than 0.1 part by weight,
no i ntended effect is obtalne \ﬂhen the amount is nore than 5 parts

by weight, no additi oné[‘heﬂﬂyda*azické aithponnad.us2d in the present iByeadibmis to a
butyl rubber, al kyl phenol -f or dehyde resin and a hydrazi de conpound
to give rise t&ﬁ&%ﬁ%ﬁi%@,g%tga@@w- | i nked rubber of high hardness
can be obtained. By thi I [l : - fhhSt; nd and
third objects of the p_r@%%ﬁgﬁ%%tgﬁt%nsét&gg&glelpgl%‘ﬁ}ce‘{l/%%%mr%ﬁgprret hod of
the presentsi nvedidAdes isBBSh the PRBeADiHPSBtivheRe (RY disit et Bydyk.- r ubber

is used as a sealing . rubber for capacitor of alum numelectrolysis,
because t he r#ides derived from saturated or unsaturated aiphatic dicarbexylic causes
no el ectrode cor.osi on. The hydrazide c und used in the
present i nventa @S having ‘H’e&?i%tpﬁaﬁhoﬁg? a?IPT%Pg&ﬁ%Y The
saturated or unsatugated aliphatic dibasic acid 5 hydrazides used in the
present invention af e (a) dibasic acid hydra- zi des derived from

oLt <1, 9, B0 SRl BRI by TSRO MO

unsaturate onds represe represent ed

Eyd- CH and (dmf)njj%@ndz bbﬁiinedl\ﬂr) &n%a@ﬁ@nﬁt@cgle%l@hﬁdrﬁﬁmﬁ htg&!ﬁb@ﬂ tigach gne
ydrogen atom of t two -NH[ err] . possessed by.the above djbasic aci
hydrazi des ( a_)tyvqfvi-_l‘ﬁiz possrasediky the above dibgsipacyl byrugridesde).owdh o-, m
ﬁ; dfég?é 2 egé ﬁ;)lgel}‘gzg)géj?%i)d, o-,b&t- %rtﬂ]-%oﬂ}}?ﬁséc(id%@ oq_. H}/-d(;raﬁ-'ogiffge{l%icaé]chf he

both the dibasic acid hydrazides (a) and the hydrazide compounds (b)

15 Dbeing represented by the following formula (2):

0 X Y 0
RHNHN—C— [ (CH=C),—, —(CH)y—]1 —C—NHNHR

[wherein X and Y may be the same or different and are each a
20 hydrogen atom or an alkyl group having 1 to 5 carbon atoms; R is a
hydrogen atom or a group represented by
R’
—C
(i)l
25 (wherein R'is a hydrogen atom, a methyl group or a hydroxyl group);
n is a number of 0 (zero) to 2; and m is a number of 0 (zero) to 20 (n

and m are not 0 simultaneously)]. In the formula (2), [ ]indicates
X

|
30 that the bond ~CH=C- and the bond - CH- are combined at random.
In the following formulas (6) to (8) are shown the struc-

tural formulas of sebacic acid hydrazide (which is a saturated alipha-

———
———
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15 being represented by the following formula (2): [err]
[wherein X and Y may be the sane or different and are each a 20 hydrogen
atomor an alkyl group having 1 to 5 carbon atons; Ris a hydr ogen at om
or a group represented by [err] 25 (wherein R is a
hydrogen atom a nmethyl group or a hydroxylt group); nis a nunber of O
(zero) to 2; and mis a nunmber of 0 (zero) to 20 (n and mare not O

si mul t aneousl| wid di

[err] 30 that the %%bé&@?ldh g?liéi%?%’élg dcééagégfégéel :(l:%r%lc%rebc?hexdrraazﬁ 2

In the foll ow (w;hlf:bﬂalalmsn(sﬁguxtated&)hxﬂrzftusﬂrhasm hel&shydwmde) ahdr al

e e s B o e b, oo
Gecammt iyl cned St B cﬂl??%%a%t?gﬁ.*%??11§P%&5?da1§¥§f %ﬁﬁw{%@e with

reaction pr&dmbxﬂbemmahutc@t ed aliphatic dibasic aci d hydrazide with 5

0- oxybenzoi c acid). 0
H err] NNHC- (CH err])[err] - CNHNH err] 0 (EN
(ﬂ?ebaci c acid hydrazide) HZNNHC (CHy) s HNH, ©) 0
Herr] NNHC(CH err])[err] O—I:Oﬂ(m[%dc)iégéfd]mw err])[err] CNHNH err]
(7)
i i
10 H2NNHC(CH) ¢ CH=CH(CH,) ;CH=CH(CH;) ¢ CNHNH , (7

(7,11-Octadecadiene-1,18-dicarbohydrazide)

OH o o o ¢ OH

Il I i N
@CNHNHC—(CHz)WCNHNHC@ )

(Decamethylenedicarboxylic acid disalicyloylhydrazide)

15

The dibasic acid hydrazides having a hydantoin skeleton

and the hydrazide compounds obtained by a reaction of each one
20 hydrogen atom of the two ~-NH , possessed by the above dibasic acid
hydrazides, with benzoic acid, o-, m- or p-toluylic acid or o-, m- or p-

oxybenzoic acid are represented by the following formula (3):

R //0
0 —C '(l)
95 R HNNHC (CHz)n— \C/ — (CHz)n— CNHNHR’ 3)
I
0

[wherein R is a hydrogen atom or an alkyl group having 1 to 10

carbon atoms; R'is a hydrogen atom or a group represented by

RI/

30 @
~
i
0



(7, 11¢ COct adecadi ene- 1, 18-di car bohydr azi de) [err]

[err] 15 (Decanet hyl enedi car boxylic acid disalicyl oyl hydrazi de)
Th'e di basic acid hydrazi des having a hydant oi n skel et on and the

hydr azi de conpounds obtai ned by a reaction of each one 20 hydrogen at om of
the two -NH2 possessed by the above di basit2 acid hydrazi des, with
benzoic acid, o-, m or p-toluylic acid or o-, m or p- oxybenzoi c acid
are represente henf ] r '

o @vméréf&eR[ gér r'a](}‘l%(g?)r%eﬂ 9 4 Methyl group or a hydroxyl Lerr]
[wherein R is grdygsly: egehndseamambur efl kyd 1g] oup havi ng 1to 10 car bon
atoms; R is a hydrogen_atom or a.grqup rf sen ¥

[err] [err] In the following formula (9) is s own he s@uctmal(v\here, n

R' hyd
numl)Zr a of ylr f g? nél?ﬁPa[be by %i&ﬁbdﬂlﬁ“@ﬁﬂ@oﬁtﬂ%&@ﬁ’ 1o }gﬁt?%)@amavg %)é\;\lln ' fhg
structural 5 i Qrs@%bﬁi@éx ?ﬁ@lo%hy@bﬁmmm&fdrmxﬂa @)pr opyl hydant oi n

which 5 is a specific exanple t he conpounds of the forrmula (3).

(CHs) 2CH\ /0
0
I
H,NNHCCH,CH, ~ N/ N CHzCHgCNHNHz 9)
ll
0
10 The phthalic acid hydrazides are shown by the following

formula (4):

0 0
1l 1l :
RHNNHC—@—CNHNHR @

15 wherein R has the same definition as R’ of the formula (3).
In the following formula (10) is shown the structural
formula of isophthalic acid hydrazide which is a specific example of

the compounds of the formula (4).

0 0

] ]
20 HZNNHC‘-@—CNHNHZ (10)

(Isophthalic acid hydrazide)

- The carbodihydrazide is represented by the following
formula (5).

[N}
&5
A

il
HoNHN—C— NHNH, ()

Of these hydrazide compounds, preferably used are
30 dodecanedioic acid dihydrazide, decamethylenedicarboxylic acid

disalicyloylhydrazide, etc. These hydrazide compounds favorably



o [err] 10 The phthalic acid

hydra2| des are shown by the follow ng formula (4):

(O 0 [err] 15 wherein R has the sane definition as R
of the formula (3). In the following formula (10) is shown the
structural fornul a of isophthalic acid®ydrazide which is a specific
exanpl e of the conpounds of the fornula (4).

0 0 20 accelerate the crosslinkifjigof butyl rubber with alkylphenol-formal-

| sophthalic agid drazi de Thecrbodlh drazide |s
ﬁeprgsent ed byg }%&%/BWWH EE’T?QY%IP@G‘@% production of har CI’OSSimk[eélrr

o e D e 1o AN Y TR 2
These hydr azi dmﬂﬁmtoauiyisné@\a@éahlt&&e amount of carbon black added. The
5 finding that these hydrazide compounds show a unique effect in the
resin crosslinking of butyl rubber, has led to the completion of the
present invention.
In carrying out the crosslinking of butyl rubber using an
alkylphenol-formaldehyde resin and a hydrazide compound accord-

10 ing to the present invention, there is no particular restriction as to
the crosslinking conditions. Ordinarily, however, primary crosslink-
ing is conducted at 170 to 210°C for 5 to 20 minutes by the use of a
hot press used by those skilled in the art. Secondary crosslinking is
not always necessary, but it is effective in order to obtain a cross-

15 linked rubber showing a small hardness change during the long use.
Secondary crosslinking, when required, can be conducted at 170 to
210°C for 30 minutes to 3 hours.

To butyl rubber can as necessary be added, in addition to
the alkylphenol-formaldehyde resin and the hydrazide compound

20 both used as crosslinking agents, various fillers ordinarily used in
rubbers, such as carbon black, tale, kaolin clay (kaolinite), calcium
carbonate, softener, zinc oxide, stearic acid and the like.

The fillers usable in the present invention are substances
added as base materials in order to improve the properties (e.g.

25 strength and durability) of final product, and substances added for
the weight or volume increase or cost reduction of final product.
Specific examples of the fillers are carbon blacks such as channel
black, furnace black and the like; fine particle silicic acids such as
dry method white carbon (silica), wet method white carbon (silica)

30 and the like; silicate, calcium carbonate, kaolinite (clay) or calcinated

clay obtained by calcination of kaolinite (clay); hydrous magnesium



13 ) accelerate the crosslinking of butyl rubber with

al kyl phenol - f or mal - dehyde resin and, noreover, enables production of
a *hard crosslinked rubber having a JIS-A or duroneter-A hardness of 80
or nore wi t hout any increase in the amount of carbon bl ack added. The

5 finding that these hydrazi de conpounds d9How a uni que effect in the
resin crosslinking of butyl rubber, has led to the conpletion of the

present | nventélﬁﬁate (ta]li:? Fll?]c 0x} ide; Eﬁ'a diﬁhf‘gxﬂét ahlaescffdi%ﬁl gﬂ;}géfgaﬁf butyl

rubber using a enol -1 or hyde resin and a hy
conmpound accorh:b ugéd aJsrtmdessam Wher thereneptodiced: derasslmked pabbeéxul ar
restriction as to [ i nkl n conditions. Odiparily, however,

primary cr oss|PFaduct of hi BC}F%T uhredyeingthe elec galgqs&lg@om nut es

by the use of | ary
crosslinking itgle amotﬁgitt @C\%@Sﬁ@g&gé&rd% Slgtﬁijéh%llaﬁy 6 fée&t%q{é} We%ﬁfd)(@irj to
obtain a crJg)ss}esg@ek|1rﬂ(p§afﬂgu§59weigbmﬁbuﬁylslfmiﬁerhardness change during the
| ong use. Secondary crosslinking, when required, can be conducted at

170 to 210[ err] C f desiden; tharesagoalpothaiadded substances such g% but yi
rubber can as ecessar be,.add in_addition

al kyl phenol - f Frﬁpd’ éeapgé’?‘hf%td Raé (W%?%i%@ %%Wﬁanﬁﬁndo@% likad as
crosslinking agents, v §e§éx?t! ﬁ‘fv% dﬁﬂﬁr’chhi’ E‘&fﬁ'ldsrh novelﬂfél%ﬁba fosuch
as car bon bl ack, taI c, | n c ao Inite) cium car bonat e,

sof t ener, zi nacrosskiekisg azbutgl aubbenmdthlam di]klyéphenol formaldehydemm; I lers

usable in the pLese,nt Zlnventj n are sugsta ces added as base terials
in order t&0inBheYAn:d&YFrasiia sEappEng antananoXYAMBAERE ATEHRIGL I of

fiinall product . anluotbs AERSHAMIRIINnoL forb AR BEe A 4ok WIPATIET Sase

or cost reductlon I'nal” produ ecl |l ers
are carbon bl agéfﬁccsmphumi ﬁh@émiel Th1s nhalth@li act:erea}ae@ thectosshichiking ofi ke,

fine particle silicic_acids.such met hod white carbon &]lYlllca)

wet net hod whiketyd aubbar (vsu’thuaikylrd@ermlcform@ldehxﬁéde g%lmbyeusmal%

carbonat e, kagkhai e (Shay) o 6o DAt ot ound S nfReVEE drRkeBdte! nat o

15 easier to produce a hard rubber product having a JIS-A or duro-
meter-A hardness of 80 or more while suppressing the amount of
carbon black used at a certain level.

The above crosslinking method is suitably used for pro-
duction of a butyl rubber roller of high hardness, a packing for high-

20 pressure-steam pipe, etc. However, in production of a crosslinked
butyl rubber with an alkylphenol-formaldehyde resin, for use as a
sealing rubber for capacitor of aluminum electrolysis, it is recom-
menced not to use any epoxy compound because the chlorine con-
tained in the epoxy compound as an impurity is activated by the

26 alkylphenol-formaldehyde resin added as a crosslinking agent and
the chlorine is released over a long period of time during the use of
the rubber product. The risk of electrode corrosion by such chlorine
is high particularly when the alkylphenol-formaldehyde resin is
added in an amount of 14 parts by weight or more. Nevertheless, the

30 above method can give an inexpensive and easily moldable com-

pound and is advantageous particularly when the obtained cross-



14 " silicate (talc); zinc oxide; magnesi um oxide; and so forth. They
can be used as necessary. Wen there is produced a crosslinked rubber
product of high hardness wi thout reducing the electrical insulation,

t he amount of carbon black added is preferably 60 parts by weight or 5

| ess per 100 parts by weight of butyl rublaér. Besi des, there
can al so be added substances such as stearic acid, antioxidant,
paraffin wax, Hﬁk@&ﬁﬁﬁ&@%hﬁﬁ@r%QQSé@%sEih§¥d1ubberroﬂerziﬁﬁ ent

i nvention further provi des a novel crossl i hking a utyl

rubber with anhleg}kpr@skmnal-stbamrpﬁpierejde resr n, 10 wherein a hydrazide
conpound and an epoxy ound are use i nation with the
al kyl phenol - f or nal dehyg'g1 Presgnt ‘FFSS ing Ofﬁgﬁa%@f’?ﬁs s used. This
net hod accel er gt

%hﬁﬁ(éfef&ﬁaldelhérﬁg I%tsm }}J‘ycﬁlégi’de Ebﬁ%%hny Hgg epoxy, oo

al kyl phenol - for resin usi ng

epoxy corrpoanobcﬂﬁgounﬂr tlosey aréraaeed ifo 160 gast&by tvcelghe@@@ebmylaﬁﬂ)lretbber
product having a JI S-A or. duro- meter-A hardness_of 80 or nore while

suppr essi ng t he ta@dupartsby weighty eloan mllsxiphenedfexmaldehyds resiov 611 to

The above crosglin S |ta I used f duction of a
butyl rubber r PIa(EFS gg V?'t‘?lélﬁ% g@dh%‘g ég (fgpaﬁfaﬁo %pﬁttegs%ﬁre st eam
pipe, etc. HOWgKRh dﬁhx@@geﬂ%bﬁibatn@ fane%ultrgkefbsstmtaﬂg rubber with an
al kyl phenol - f or mal dehyde tesin, for use as seal 1 ng rubber for

capaci tor of al um num él‘leeEpokyszom,pomld use@aothe presemhoedentoon referse any
epoxy conpound because the c rrne con- tained in.the poxybconpound

as an i npuldt qeﬁoaar%pea quf@@scukrwwe%np%n#me @&NY added

as a crosslln r eriod
oF ti e dur i neh A o ¥mpouid 8elghp'adHE ca N@tﬁﬁﬁ%ﬁyﬁte@r oo
corrosion by sueRenbladdsinking dfshitiyd Iifubbéi'l msl gydcyfiveganiples of the

al kyl phenol - f or mal dehyde resin is added in_an  anpunt of 14 parts by
wei ght or nor eepa¥veampensds thenecaanbaaentioned adbisphegiol & tirpe ape¥Ensi ve

?Eg ggtsa: %egolﬁ%gbl K Blsphenol ﬁ%yﬁ‘éjeﬁé‘;?y Irgm%d\éablsp saor ATYY %é:‘é' %}rzl y when

15 resin, a bisphenol type epoxy resin obtained by substituting one
methyl group added to the skeleton of bisphenol AD type epoxy
resin, with an alkyl group having 2 to 12 carbon atoms, a phenolic
novolac type epoxy resin, a cresol novolac type epoxy resin, a tri-
phenylmethane type polyfunctional epoxy resin, an alicyclic epoxy

20 compound, a naphthol-modified novolac type epoxy resin and an
epoxy compound of glycidyl o-, m- or p-phthalate or o-, m- or p-hydro-
phthalate type. The amount of the epoxy compound used is 0.3 to 10
parts by weight, preferably 0.5 to 8 parts by weight (when two or
more kinds of epoxy compounds are used, the amount is their total

256 amount) per 100 parts by weight of butyl rubber. When the amount
of the epoxy compound used is less than 0.3 part by weight, no
intended effect is obtained. When the amount is more than 10 parts
by weight, no additional effect is obtained.

The epoxy compound used in the present invention is

30 described in more detail below.

The bisphenol A type epoxy resin is a reaction product



15 : | i nked butyl rubber is used as a hard rubber roller, a packing for
hi gh- pressur e- st eam pi pe, etc. In the present crosslinking
of* butyl rubber wth al kyl phenol - f or mal dehyde resin, hydrazide
conpound and epoxy 5 conpound, there are added, to 100 parts by wei ght of
a butyl rubber, 5 to 25 parts by weigbt of an al kyl phenol -f or nmal dehyde
resin, 0.1 to 5 parts by weight of a hydrazide conpound and 0.3 to 10

i . .
T opoxy compuant s eiprtoroh X kpAXTRPHIA ohy Mp T IS Yal T BRRIRT e  ccins

and | ow nol ecuollowdpgxstractmed fesmudandl Dan be any epoxy resin or
compound as long as it can be effectively used in the pr esent
crosslinking of butyl rubber. As speC| f exarrpl es of the epoxy

conmpound, there can be nention type epoxy resrn
bi sphenol F type epo r gl Je in
bi sphenol type epoxy%m Qﬁ g%# |ne sub utlng on th group

added to the skel eton b| sphenol AD tmg epoxy I‘(ﬁ{SI n, withlan al kyl
group having 2 to 12 carbon atons, a phenolic novol ac type e oxy resin,
a cresol novol ac type epoxf resrn, 3f phenyT met hane type 11)

iri-
pol yfuncti onal epoxy resin C gP' poxy 20 conpound, a
napht hol - nodi fi ed novol ac | @ ~ 7@—&60}%—% CBpoxy compound of
glycidyl o-, m or p-phthal ate 6 p-hydrox /  phthal ate type.

The amount of the epoxy conmpound us-ep is 0.3to 10 0 parts by weight,
preferably 0.5 to 8 parts by wei ght (when two or nore ki nds of epoxy
conpounds ¥ e used, the anount is t(rasphanal 4) tyme) anount) per 100 parts by
wei ght of butyl rubber When t he anount of the epoxy conpound used is
| ess than 0.3 part by weight, no i ntended effect is obtained. Wen the
amount is mr&vh@?éinh@i@@%éro) or @hd&ﬁbélﬂ"larg’@@thﬂﬁl@l onal effect is

obt ai ned. e epox conpound used in the present invention
is 30 descri bed |n or él‘hkebmp dwtype epoxy resin incluges ailiphdenoxy t ype

epoxy resin is reactio
poxXy resman asgl

18 epoxy resin and has an epoxy equivalent of 900 g/eq

15 or less. A bisphenol A type epoxy resin having an epoxy equivalent
of 500 g/eq or less is preferred. The bisphenol A type epoxy resin
preferably has a softening point of 110°C or less as measured by the
ring and ball method.

The bisphenol F or AD type epoxy resin is a reaction

20 product between epichlorohydrin and bisphenol F or AD or a bis-
phenol obtained by substituting one methyl group added to the
skeleton of bisphenol AD, with an alkyl group having 2 to 12 carbon
atoms, and is represented by the following structural formulas (12)
and (13):

! A

12
l—CHzCH—CHz ( )

(bisphenol F type)

25

30



16 - bet ween bi sphenol A and epi chlorohydrin and is represented by the
followng structural forrmula (11): I

[err] [err] 10
(bi sphenol A type) wherein n is O (zero) or a nunber larger than O.
The bi sphenol A type epoxy resin includes1d |iquid epoxy resin and a

solid epoxy resin and has an epoxy equi valent of 900 g/eq 15 or less. A
bi sphenol A t yR®e@BRX® 1@6{5(2@1:6}1& B @i beP AXdgeraared eahd of 500 g/eq or

|l ess is preferred. The bi sphenol A type epoxy resin preferably has a
softening point of 110C or |ess as neasured by the ring and ball
nmet hod. The bi sphenobHJ: or AD type epoxy reﬂsn S a reaction
20 product between Fépl oro ISH g]ﬁl
phenol obt ai ned b d}fi‘ ﬁ d‘% skel et on
of bi sphenol AD, WI an aI kyT—gr up avi ngoﬂ to 1 nms, and
I's represented by the follow ng structural fornulas (12 and (123): 25
| 13)
CH,CH—CH,
(bisphenol AD type)

10 wherein n is 0 (zero) or a number larger than 0.

The present invention includes also a bisphenol type
epoxy resin obtained by substituting one methyl group added to the
skeleton of bisphenol AD type, with an alkyl group having 2 to 12
carbon atoms. The epoxy resin preferably has an epoxy equivalent of

15 300 g/eq or less.

The phenolic novolac type epoxy resin is a reaction prod-

uct between a phenolic novolac resin and epichlorohydrin and is

represented by the following structural formula (14):

\ \ \
20 OCH,CHCH, OCH,CHCH, OCH,CHCH

n

wherein n is 0 (zero) or a number larger than O.

26 There is preferred a phenolic novolac type epoxy resin
having an epoxy equivalent of 300 g/eq or less and a softening point
of 110°C or less as measured by the ring and ball method.

The cresol novolac type epoxy resin is a reaction product
between an o-cresol novolac resin and epichlorohydrin and is repre-

30 sented by the following structural formula (15):



[err]” (12)
CH2CH CH2 30 [err] (bi sphenol F
t ype) 17 wherein nis O
(zero) or a nunber larger than 0, and CH3

[err] [err] 18 (bi sphenol AD type)
10 wherein nis O (zero) or a nunber |arger than O. The
present invention includes also a bisphenal type epoxy resin obtained
by substituting one nethybpproup added to/M he skel ¢aon of bi sphenol AD

type, with an

preferably has an epoxy equi val ent_ of
The phenolic novol ac
phenol i c novol ac reg rhc—e1iifie
foll ow ng structural

5

10

15

20

25

al kyl greumciani ng 2 toodi,Cicy, car boRcricadR, The epoxy resin
' 15 300_g/eqgjor |ess.

poxy resi Al Glar ealti BHs uct between a
HACHRAeH represent ed béag)he

n

wherein is 0 (zero) or a number larger than 0.

There is preferred a cresol novolac type epoxy resin
having an epoxy equivalent of 300 g/eq or less and a softening point
of 110°C or less as measured by the ring and ball method.

As the naphthol-modified novolac type epoxy resin, there
can be used, for example, those having an epoxy equivalent of 225 to
245 gleq and commercially available as NC-7000 and 7020 series
(trade names, products of Nippon Kayaku Co., Ltd.). These resins
have a softening point of 110°C or less as measured by the ring and

ball method.

The naphthol-modified novolac type epoxy resin is repre-

sented by the following structural formula (16):

/ N
0CH,CHCH OCH,CHCH,  OCH,CHCH OCH,CHCH,  OCH,CHCH
2\ / 2 2\ / 2 2 \ / 2 2 \ / 2 2 \ / 2

cnz———@—cnzg):@ J» CH, (16)
Cl,

CHs Jn CHs

N
wherein n is 0 (zero) or a number larger than 0.
The triphenylmethane polyfunctional epoxy resin is, for

example, epoxy resins represented by the following structural formu-
las (17) and (18):



[err]: wherein nis O (zero) or a nunber larger than 0. 25

There is preferred a phenolic novol ac type epoxy resin havi ng an epoxy
equi val ent of 300 g/eq or less and a softening point of 110[err]C or

| ess as nmeasured by the ring and ball nethod. The creso
novol ac type epoxy resin is a reaction praguct bet ween an o-cresol

novol ac resin and epichlorohydrin and is repre- 30 sented by the foll ow ng
structural fornula (15): 18

0 &C%?CH g?r] OC}bCH CHavher ei n i DGF 26 Hb) or a nunber

| arger than O. preferred cr | novol ac type epoxy
resin havi ng an [epo equi val ent of 300 g/eq jpor less and a softening
poi nt of 110[er ired by t ing and ball nethod. 10
As t he naphthol - 2pOX Yy r e her e can ??7 sed,
for exanple, thos val gnt to 245 ¢ ec?Jand
commercially avail able 70 ' (trade nanes,
products of N ppon Kaya », Ltd.). Th&se)pesins have a softening
poi nt of 110[err]C or |egs S measured b@ ring and 15 ball nmethod.
The napht hol - nodi fi ed npvol acﬂCﬂy@e/Clbpo Ky resiOﬂHQQ{—/{:@ore-

/ n

10 OCH zCHCH 2 0CH 2CHCH 2 OCH 2CHCHz
R
15
OCH ZCHCH 2 OCH 2CH/CH 2
0

wherein R is a hydrogen atom or an alkyl group, and n is O (zero) or a
20 number larger than 0.

The triphenylmethane polyfunctional epoxy resin is
commercially available as EPPN 500 series and FAE series (trade
names, products of Nippon Kayaku Co., Ltd.) and has an epoxy
equivalent of 300 g/eq or less and a softening point of 100°C or less as

25 measured by the ring and ball method.

The alicyclic epoxy compound is a compound obtained by
oxidizing and epoxidizing the double bond of cyclohexene ring, and
includes alicyclic epoxy compounds such as alicyclic diepoxy acetal,
alicyclic diepoxy adipate, alicyclic diepoxy carboxylate, vinylcyclo-

30 hexene dioxide and the like. The alicyclic epoxy compound is a liquid

compound having an epoxy equivalent of 300 g/eq or less.



sented by the follow ng structural formul a (16): 20

[err] wherein nis O (zero) or a nunber larger than 0. 25

Thie tri phenyl met hane pol yfunctional epoxy resin is, for exanpl e, epoxy
resins represented by the follow ng structural fornmnu- las (17) and
(18): 20 19 10

The structural formulas of alicyclic diepoxy adipate and
alicyclic diepoxy carboxylate are shown by the following structural

formulas (19) and (20):

0

I
CH,—0—C

<

(alicyclic diepoxy carboxylate)

Ot

|
10 CHy—0—C€ CH; ¥ 4C—0—CH
(20)
(alicyclic diepoxy adipate)
15 The epoxy resin of glycidyl o-, m- or p-phthalate or o-, m-

or p-hydrophthalate type is a reaction product between epichloro-
hydrin and o-, m- or p-phthalic acid or o0-, m- or p-hydrophthalic acid
wherein the aromatic ring is hydrogenated. Examples thereof are
compounds such as diglycidyl phthalate, diglycidyl tetrahydrophtha-
20 late, dimethylglycidyl phthalate, glycidyl ester of dimer acid, digly-
cidyl hexahydrophthalate, dimethylglycidyl hexahydrophthalate and
the like. There is preferred a compound having an epoxy equivalent
of 300 g/eq or less.
The structural formula of diglycidyl tetrahydrophthalate

is shown by the following structural formula (21):

0
/
COOCHzCHEHz (21)
l: l 0
COOCHzéh%HZ

Of these epoxy compounds, preferably used are the tri-

bo
S



15 oC [err]
wherein Ris a hydrogen atomor an al kyl group, and nis O (zero) or a 20

nunber | arger than O. The triphenyl met hane pol yfuncti onal
epoxy resin is commercially avail abl e as EPPN 500 series and FAE series
(trade nanes, products of N ppon KayakKl Co., Ltd.) and has an epoxy

equi val ent of 300 g/eq or less and a softening point of 100[err]C or |ess

as 25 measur egp%igngﬁggg%% %?a}}fug’éggﬁgl epoxy resin, the c%@é’olaﬁé gki C

epoxy compoun al'ne oXl di zi ng and epoxi di zi ng the
doubl e bond of typeéptexeesn; iebgy, and i ncl udes alicyclic epoxy conpounds
such as alicyclic diep acet al , alicy

clic digpo adipate, alicyclic
di epoxy carboxyl ate, vityFeNBE %tﬁg%gﬁglmmg(ﬁﬁglﬁé}itwglherwmg@
alicyclic epox ' QL . |
R e S L R
20 5 epotieceinpedind aécordingt@she brasdmtyitiveatibng phsye #slnp ate and

alicyclic diepoxy carboxylate are shown by the follow ng structural
formul as (19) paxfi¢lay:restrigtion as to the crosslinking conditions. Ordinarily,
however, primary crosslinking is conducted at 170 to 210°C for 5 to
20 minutes by the use of a hot press used by those skilled in the art.
Secondary crosslinking is not always necessary, but it is effective in
10 order to obtain a crosslinked rubber showing a small hardness
change during the long use. Secondary crosslinking, when required,
can be conducted at 170 to 210°C for 30 minutes to 8 hours.
To butyl rubber can as necessary be added, in addition to
the alkylphenol-formaldehyde resin, the hydrazide compound and
15 the epoxy compound all used as crosslinking agents, various fillers
ordinarily used in rubbers, such as carbon black, talc, kaolin clay
(kaolinite), calcium carbonate, softener, zinc oxide, stearic acid and
the like.
The fillers usable in the present invention are substances
20 added as base materials in order to improve the properties (e.g.
strength and durability) of final product, and substances added for
the weight or volume increase or cost reduction of final product.
Specific examples of the fillers are carbon blacks such as channel
black, furnace black and the like; fine particle silicic acids such as
25 dry method white carbon (silica), wet method white carbon (silica)
and the like; silicate, calcium carbonate, kaolinite (clay) or calcinated
clay obtained by calcination of kaolinite (clay); hydrous magnesium
silicate (talc); zinc oxide; magnesium oxide; and so forth. They can
be used as necessary. When there is produced a crosslinked rubber
30 product of high hardness without reducing the electrical insulation,

the amount of carbon black added is preferably 60 parts by weight or



[err‘]"

(alicyclic diepoxy carboxyl ate)

0. 10 [err]

(20) (alicyclic diepoxy adip ate) 15 The
epoxy resin of glycidyl o-, m or p-phthalate or o-, m or

p- hydropht hal ate type is a reaction produ@2 between epichl oro- hydrin
and o-, m or p-pht halic acid or o-, m or p-hydrophthalic acid wher ei n

the aromatic rieRs dey 100 QW%I?@(@{T’Q{I £t tdneeof are conmpounds such

as diglycidyl

pht hal at e, " di gl yci dyl' tetrahydropht ha- | at e,

di et hyl gl yci dyl pht haIBeadng ﬂcen&ydamalserba)ad cthbatam;escmgﬂyas ci dyl

There i pref cHeBRiCAtOABRRRAET RETAN BRI AGRGEFCRTIone ag1d 406 g or

| ess.

The structural for mul a of diglycidyl tetrahydrophthal ate

25 is shown by the follow ng structural fornula (21):

[err]

21

9]

10

15

20

25

30

DescriptivhesfethepPrefermedoBmidiment¢é er abl y used are the tri-

The present invention is described in more detail below by
way of Examples and Comparative Examples.

In the following Tables, the amount of each raw material
used is by parts by weight.

The properties of each crosslinked rubber were measured
according to JIS K 6301,

Each crosslinking curve was obtained by the torque
measurement made using an oscillating rheometer (ASTM-100 type)
produced by Toyo Seiki Seisaku-sho, Ltd.

Examples 1-3 and Comparative Examples 1-2

Primary crosslinking was conducted at 190°C for 10
minutes using a hot press, for each compounding recipe shown in
Table 1 wherein the amounts of alkylphenol-formaldehyde resin and
decamethylenedicarboxylic acid disalicyloylhydrazide (hereinafter
abbreviated to DMDH) were different in each Example and each
Comparative Example. Then, secondary crosslinking was conducted
at 200°C for 2 hours using a hot air convection oven. In Fig. 1 are
shown the crosslinking curves of Example 2 and Comparative Exam-
ple 1 obtained by the torque measurement made at 190°C by the use
of an oscillating rheometer; in Fig. 2 are shown the crosslinking
curves of Example 3 and Comparative Example 2 obtained by the
torque measurement made similarly. In Table 2 are shown the
properties of the crosslinked rubbers obtained in Examples 1 to 3
and Comparative Examples 1 to 2.

As is clear from the crosslinking curves of Fig. 1 and Fig.

2, DMDH shows an effect of crosslinking acceleration in the cross-



phenyf nmet hane type pol yfunctional epoxy resin, the cresol novol ac type
epoxy resin, etc. In carrying out the crosslinking of butyl
r ubber using an al kyl phenol - f or mal dehyde resin, a hydrazi de conpound
and an 5 epoxy conpound according to the present invention, there is no
particular restriction as to the crosslink3ng conditions. Odinarily,
however, primary crosslinking is conducted at 170 to 210[err]J]C for 5 to

20 m nutes by t:he: f : skl i t.
Secondary cros% ?H%?§§95§ﬂ3o?hgp%giétﬁzggggﬁ?y, u%é¢ﬂéqfﬂég?%1tlfgﬂin 10
order to obtaiforangldebsidentesih.r ubber showi ng a small hardness change

during the long use. Secondary cyosslinking, when qui r ed, an. he
conducted at 170 to 210{8A% FEan ognthﬁmmggr){sgng)f{ﬁ@@p?es1and%w1t% To

butyl rubber can_as necesgar 'RY ot
al kyl phenol - f oéﬁ‘m%%tﬁ&%e E%ghpbl%tﬁggﬁ%g}%% W&Hn%?)%&rlghgwa éfggffﬁg 8{)oxy
conpound al k usigghifeast RaSHHEY 1MEraasaiss the aresplinkihkldrsbutyl wisherari |y

used in rubbers,” such as carbon black, talc, kaolin cla (kaolinite),
cal ci um car bonwih 18qfamsady, weight Qfmmelksdpbsnpbfmaﬂd@iwde resife | i ke.

The fillers usable in the.prese inuention are_s t ances ,20.3dded as base
materials in order to igﬁﬂgﬁﬁeatr%o’&ﬁtfef:?mgér’(sgng‘? xang)ﬁ?ﬁ‘&(ﬁl g |
durability) of_f] amlvﬂﬁ{asﬂ.gﬁ,ps r i or

vol unme i ncr eas%ggﬁ%g%gﬁec??{g?%m%na product . a8 effescge&cfirl'?lgigme%g{r?pl es

of the fill ersharénesy harehsaakwellth ths ceosalindting of dobatyl, nibberawetibl ack
and the like; fine particle_siljcic %giﬂs Si.]fh as1 2% gry net hod white
carbon (si BPcal7 pasts k¥rweighknfian aliodphepsl-farmagldebydgyesihe | ke:

silicate, calciumcarbonate, kaolinite (clay) or calcinated cl ay
obt ai ned by calcination of kaolinite (clay); hydrous nmagnesi um silicate
(talc); zinc oxide; magnesi um oxi de; anfgeflorth. They can be used as
necessary. \Wen there is produced a crosslinked rubber 30 product of high
hardness wi t hout réducing the electrical insulation, t he amount of
carbon bl ack added i s preferabty—66—parts by werght—or
22 Butyl 365 (1) 100
15 FT carbon (2) 40
Calcinated clay (3) 40
Talc (4) 10
Phenolic resin (5) Described in Table 2
DMDH (6) Described in Table 2
20

Notes for Table 1

(1): Butyl 365, a product of EXXON Kagaku K. K. was
used.

(2): Asahi Thermal, a product of Asahi Carbon Co., Ltd.

was used.

]
[

(3): Ice Berg of Burges Pigment Co. was used.
(4): A product of Tsuchiya Kaolin Kogyo K. K. was used.
(5): TACKIROL 201, a product of Tacka Chemical Co.,
Ltd. was used.
30 (6): A product of Asahi Denka Kogyo K. K. was used.



| ess per 100 parts by weight of butyl rubber. Besi des, there

can al so be added substances such as stearic acid, antioxidant,
paraffin wax, AC polyethylene and the |ike. 5 Description of the
Preferred Enbodi nents The present invention is described in
nore detail bel ow by way of Exanpl es agd Conparative Exanpl es.
In the follow ng Tables, the anpbunt of each raw materi al used i s by
parts by weight. 10 The properties of each crosslinked rubber
wer e neasured dimg o JI'S K p30T. Each crosslinking
curve was obt ai ng hej t orjque reasurenment |made using an oscillating
rheoneter (ASTM e produckd by {Toyo $ei ki Sei saku-sho, Ltd. 15
Exanpl es 1-3 and |Chg % Ve Bl gs| B2 | B ! Primary
crosslinking was |[cen@uct ed at| 190ferr| C for| 10 m nut es using a hot
press, for each (ogp ndi pg rleci pe shpwn in Tabl e 1 wherein the anounts
of al kyl phenol -f ¢r ehygde rlesin and chanEthernedicarboxyIic aci d
di sal i cyl oyl hydr gztde—jttretertafter—206rabbreyviated to DVDH) were different
in each Exanple am® each Conpar at| ve Exjanpl e.| Then, secondary '
crosslinki ng was o&nduc[\_ejco <ﬁ532§£[q5r§h foro4 hours using a hot air
convection oven. || & Filg—= [l aneo — D\A «wregsl i nking curves of Exanple
2 and Conparative¢ ang pl e f2obt pi ned by t he t orque neasurenent nade
at 190[err] C by th§ uge 2p off an oscijlating rhegneter; in Fig. 2 are shown
t he crosslinking gurvbks g lar ati ve Exanpl e 2 obtai ned
by the torque aqurepentf nmade simlarlly. In{Table 2 are shown the
properties of the¢ -Gregslipked rubbers| obtaijned i Exanples 1 to 3 and
Conpar ative Exanpl 8s1 £0| |38 o o o 1 A is|cleqd fromthe
crosslinking cur ear Fip. 1 &@Fry © 2 < DMVIDH sl&pws an effect of
crosslinking acce¢l grgtli onjinjthe crosp- o
M -t
o< g
Q
o 8
® _
N e oln|lwo ol | o ~ g 3
,2 E — O W N| O ~] © - K ow
E_‘f" < v 2
<2 1% 2
~ 3 S
— Q"CD
a, olw|l o o W|lw | m ¢ g 8
a — t~ & N O —}f © v o
o N + + U%
N N’
S B
Ny
go
o~ =4
o g 2
N o
= 15 5 4 S
E B 2 Ala~l < 38
2 B X S IR -
2 i Q © o
HlalS S|« 2|88 H7F
vgﬁ/\g | © g@ ¥
gl 3 ° n sl g = M
Zl el 8 g2 818 8 C <
o| B 2,;-9"35 g A .
Sl gl € 6 2| b w8 w o
) et o B 8|3 8lg 3 “F
3 ~ H !
AEEREEIEE IR
215|588 & El& B 2
AMlAlEROImE| ~ T




23 “ linking of a butyl rubber with 10 parts by wei ght of an

al kyl phenol - f or mal dehyde resin. As is clear fromthe
conpari son of Exanples 1 and 2 with Conparative Exanple 1 in Table 2,
DVDH al so shows an effect of 5 significant hardness increase in the
crosslinking of a butyl rubber with 1®@parts by wei ght of an

al kyl phenol - f or mal dehyde resi n. As is clear fromthe

conpari son of ExaRbRsY tb Bakt@Wompardivatixeendeamteq2 in Table 2, DVDH
shows an effect of significant hardness increase as well in the

crosslinking of a butyl Pritabey cwpsslinlingwae cordugtedeatyh90'6} fonl0

al kyl phenol - f or nal c%eh){lde res}iln. . . .
Butyl 365 (1) minutesusinga ot pyeR§, for each compounding recipe s(hf)wn in
40 lnCi . rochal 4
10 Tabje Swigkein e kpigtnts of alkylohofdl-formpldebyde redidl &nd )
DVDH ( 6) 5 DMDH werdddferentdnienchaBkemple@nd each Comparatieg es f or

saed: Exampleo) Mhena e onsiarsigr0sipkuie Ao sPOASEHRC heborCdsr 2 L .

Table 1

25 o : 3): lce Berg of Burges Pignent
Co. was used. hours‘Q@?né’%etqo%ial:cokvggiggﬁlcqveo Tsuchi ya Kaolin Kogyo K. K
was used. I Pig. 3406 RAwR6he crogulioking cvirvésof Exahapledl Co.,
Ltd. was used. _ }(1‘.6): A product of Asahi Denka Kogyo K. K was
used. and Comparative Example 3 obtained by the torque measurement

10 made at 190°C by the use of an oscillating rheometer. In Table 4 are
shown the properties of the crosslinked rubbers obtained in Exam-
ples 4 to 5 and Comparative Examples 3 to 4.

As is clear from the crosslinking curves of Fig. 3, DMDH
shows an effect of crosslinking acceleration in the crosslinking of a

15 butyl rubber with 16 parts by weight of an alkylphenol-formaldehyde
resin. As is clear from the comparison of Example 4 with Compara-
tive Example 3 in Table 4, DMDH also shows an effect of significant
hardness increase in the crosslinking of a butyl rubber with 16 parts
by weight of an alkylphenol-formaldehyde resin.

20 As is clear from the comparison of Example 5 with Com-
parative Example 4 in Table 4, similar results were obtained in the
crosslinking of a butyl rubber with 18 parts by weight of an
alkylphenol-formaldehyde resin.



24

10

[err]

26
Table 3
Butyl 365 (1) 100
FT carbon (2) 50
Calcinated clay (3) 20
Nulok 390 (4) 30
Phenolic resin (5) Described in Table 4
DMDH (6) Described in Table 4

Notes for Table 3

(1), (2), (3), (), (6): The same products as (1), (2), (3), (5)
and (6) of Table 1.

(4): An aminosilane-treated clay, ai;roduct of J. M. Huber

Corporation was used.



[err]” [err] 25

Exanples 4 to 5 and Conparative Exanples 3 to 4 Primry
criossl i nking was conducted at 190[err]C for 10 m nut es usi ng a hot
press, for each conpoundi ng reci pe shown in Tabl e 3 wherein the anounts
of al kyl phenol -formal dehyde resin and 5 ®DH were different in each
Exanpl e and each Conparative Exanpl e. Then, secondary crosslinking was
conducted at 200[err]C for 2 hours using a hot air convection oven.

In Fig. 3 are shown the crosslinking curves of Exanple 4 and

Conpar ati ve Exanpl e 3 obtai ned by the torque neasurenent
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10 nmade at 190[err]C by the use of an oscillating rheoneter. In Table 4 are
shown the properties of the crosslinked rubbers obtained in Exam pl es
4 to 5 and Conparative Exanples 3 to 4. As is clear fromthe
crosslinking curves of Fig. 3, DVDH shows an effect of crosslinking
acceleration in the crosslinking of a |5 B8tyl rubber with 16 parts by

wei ght of an al kyl phenol -f or mal dehyde resin. As is clear fromthe
conpari son of fxamlies 4 ¥ 1 AnEOCBARIrative BkNMT@BRIe7 3 in Table 4, DVDH
al so shows an ‘effect of signifilcant hardness 1 ncrease in the
crosslinking of a butyIPnn’mthrcmthnkhgw&sscondudtng|]gﬂﬁCoﬁoral()

al kyl phenol - f or nal de re S clear f omt

conparison of T8 Se ging @%o@m;pss for ﬁéFtho%p% gerezflP"ﬁS anelrﬁ
simlar resul t’g%m\%reg vﬂ?ér%;lﬂ bﬁ'lttslﬁfkwel 1956’}]5&'% -‘:‘foﬂﬁtamel'i}}r'@@er

with 18 parts eresm

(2?) 5 resin, 2 parfis(,) by Welght of an eﬂ'@ky fesin abnd DMDH were us@liiygl 365
(2)

50 5 comlginasiorat ddhegs, spconrdary crosshn]ci?lrlg %]agnconducted at 200°G\y| ok

390 (4) : .If‘%l?ehgfurs using g%ot air ISR/BP—'F‘E%?II AU Fid. %Shfk gé)wn

Descri bed in SCrl ed in
Table 4 10 ¢rogslinking ch¥&Sof Ekaﬂ?ﬁlb% §nd Com arative Exdrhpled 8)and 8) .
(5), (6): The sane products as (1), (2), ?

and (6) of Tal:x’nhtained by the torque meayuremwa atA80IC bt the usgpf an

duct of
product o 10 oscﬂ'i'agng rheometer. In Table 6 are sgoxrrv%[ Jc}?enp%iper%les of the

crosslinked rubbers obtained in Examples 6 to 7 and Comparative
Examples 5 to 7.
As is clear from the comparison of Example 6 with Com-
parative Examples 5 and 6, DMDH, when used in combination with
15 a cresol novolac type epoxy resin, shows an increase in hardness as
seen in Table 6 and, moreover, shows an effect of crosslinking accel-
eration as seen in Fig. 4, in the crosslinking of butyl rubber with
alkylphenol-formaldehyde resin.
As is clear from the comparison of Example 7 with Com-
20 parative Example 7, DMDH, when used in combination with a
bisphenol F type epoxy resin, shows an increase in hardness as seen
in Table 6 and, moreover, shows an effect of crosslinking accelera-
tion, in the crosslinking of butyl rubber with alkylphenol-formalde-
hyde resin.
25 These Examples indicate that an increase in hardness is
possible without resorting to an increase in the amount of carbon

black used.
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Exanples 6 to 7 and Conparative Exanples 5 to 7 Primry
crosslinki ng was conducted at 190[err]C for 10 m nut es usi ng a hot
press, for each conpoundi ng reci pe shown in Tabl e 5 wherein 18 parts by
wei ght of an al kyl phenol -fornmal dehyde 5 r2%in, 2 parts by weight of an
epoxy resin and DVDH were used in conbi nati on. Then, secondary
crosslinking was conducted at 200[err] Cgplefr 2 hours using a hot air
convection oven. In Fig. 4 are shown the crosslinking curves of Exanple
6 and Conparative Exanples 5 and 6 obt ai ned by the torque neasurenent
made at 190[err] C by t pe—use—of—an—316—oscittat+ngrheoreter—+ Table 6 are
shown the properties of Butel 365 () ossl i nked rubber si@dpt ai ned i n| Exanpl es 6
to 7 and Conparative Exanples 5 to 7. As is clear from
the conparison of ExanpFd €skioen(Zom parative Bnples 5 ahd 6, DVDH,
when used |n) conbi nat i 3211% B§1d3e5N3 gyesol novol ac ty epoxy repin, shows
an increase in hardnesg as seeh in Table 6 and, reover, shows an
effect of crosslinki ng @@@@_hm carbonate 10

Calcinated clay (3) 50

Burges KE (4) 30

Phenolic resin (5) 18

10 Epoxy resin (6) 2

DMDH (7) Described in Table 6

Notes for Table 5

(1), (2), (3): The same products as (1) to (3) of Table 1.

15 (4): A surface-treated clay of Burges Pigment Co. was

used.
(5), (7): The same products as (5) and (6) of Table 1.
(6): Described in Table 6.
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(6): Described in Table 6. 30

10

15

20

31

Examples 8 to @ and Comparative Examples 8 to 10

Primary crosslinking was conducted at 190°C for 10
minutes using a hot press, for each compounding recipe shown in
Table 7 wherein 18 parts by weight of an alkylphenol-formaldehyde
resin, 4 parts by weight of an epoxy resin and DMDH were used in
combination. Then, secondary crosslinking was conducted at 200°C
for 2 hours using a hot air convection oven. In Table 8 are shown the
properties of the crosslinked rubbers obtained in Examples 8 to 9
and Comparative Examples 8 to 10.

As is clear from the comparison of Example 8 with Com-
parative Examples 8 and 9, DMDH, when used in combination with
a phenol novolac type epoxy resin, shows an increase in hardness as
seen in Table 8. |

As is clear from the comparison of Example 9 with Com-
parative Example 10, DMDH, when used in combination with an
alicyclic diepoxy adipate, shows an increase in hardness as seen in
Table 8.

These Examples indicate that an increase in the hardness
of crosslinked rubber is possible without resorting to an increase in

the amount of carbon black used.



[err]” 31 Exanples 8 to 9

and Conparative Exanples 8 to 10 Primary crosslinking was
conducted at 190[err]C for 10 m nutes using a hot press, for each
conmpoundi ng reci pe shown in Table 7 wherein 18 parts by weight of an
al kyl phenol -formal dehyde 5 resin, 4 parts3%dy wei ght of an epoxy resin and
DVDH were used in conbi nation. Then, secondary crosslinking was
conducted at 200[err]C, for 2 hours mgijagy a hot air convection oven. In
Tabl e 8 are shown the properties of the crosslinked rubbers obtained in
Exanples 8 to 9 and Conparative Exanples 8 to 10. 10 As is
clear fromthe conpariger—ot—Earpte—8—wih—Com par-att+ve—fxanpl es 8
and 9, DWVDH, when used| Batgo865 )i on with a ph@@pl novol ad type epoxy
resin, shows an increase in hardness as seen in Table 8.
As is clear fromthe colp=tarben @) Exanplk 9 with
5 Zinc oxide No. 3 15

Calcium carbonate 5

Calcinated clay (3) 50

Burges KE (4) 30

Nulok 390 (5) 50

10 Phenolic resin (6) 18
Epoxy resin (7) 4
DMDH (8) Described in Table 8

Notes for Table 7

15 (1),(2),(3): The same products as (1) to (3) of Table 1.
(6),(8): The same products as (5) and (6) of Table 1.
(4): The same product as (4) of Table 5.
(5): The same product as (4) of Table 3.
(7): Described in Table 8.
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I S possible w thout
Table 7
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shows an increase in hardness as seen in

15

These Exanples indicate that an increase in the

DIVDH,
FT carbon (2)
Calcinated clav (3)

of crosslinked rubber

i ncrease in 20 the anount of carbon bl ack gged.

15 pafative Exanple 10,
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Exanples 10 to 12 and Conparative Exanples 11 to 13 As shown
in Tables 9 and 10, there were used 18 parts by wei ght of an

al kyl phenol - f or mal dehyde resin, 2 parts by wei ght of DVMDH and 1.5 parts
by wei ght of an epoxy resin (selected fromg4hree 5 kinds of epoxy resins)
in Exanples 10 to 12. No DVDH was used in Conparative Exanples 11 to
13. Exa 5&1&83% Yo i?qﬁfd g%ﬁ;‘;@ra\@%e £980H5Es4 2o 1801 err] C for 10
m nut es usi ng Seconaddry cr ossSIiTnkrng wa

conducted at 200[err] C Agrshdwiotn Tdble@9haid 40 tlearevwetd Q@edvl@wpafﬂm Hﬁbl e
10 10 are shown the propertles of the craosslinked rubbers obtalned
Exanmpl es 10 t oweghhaf epradkylinhemrol E‘ﬁamléghnde resing 2 partriby wsight

h th f 10 d _Co 11
bt ai ned by hONd LR R R ERdn VAR OF A5 B08y PRa (R1bitRa fmmE’éﬁf%e- s
clear from ghegsst éﬁgiﬁgeﬁ'thrs)’ﬁsf E%ﬂcatﬁpfbs 151) t(plfI@H Né& DVMDH wAs &idedCin Of

crosslinking acceleration in the crosslinking of a butyl rubber with 18
parts by wei ghCouip:mrataVédi]}anpbls ¥otordB8dehyde resin and a

tri phenyl methane type egoxy resi I,S ar fromthe
conpari son of Exarr%loe 10THRRRY c1osséa]§ﬁggg¥ql§,go@1éq§aeafilﬁ¢ﬁ ﬁ‘gbﬁg 10, DNVDH

shows an increggaitds using a hot press, after which secondary crosslinking was

conducted at 200°C for 2 hours in a hot air convection oven. In Table
10 10 are shown the properties of the crosslinked rubbers obtained in
Examples 10 to 12 and Comparative Examples 11 to 13. In Fig. 5
are shown the crosslinking curves of Examples 10 and Comparative
Example 11 obtained by the torque measurement made at 190°C.
As is clear from the crosslinking curves of Fig. 5, DMDH
15 shows an effect of crosslinking acceleration in the crosslinking of a
butyl rubber with 18 parts by weight of an alkylphenol-formaldehyde
resin and a triphenylmethane type epoxy resin.
As is clear from the comparison of Example 10 with
Comparative Example 11 in Table 10, DMDH shows an increase in
20 hardness with no increase in the amount of carbon black added, in
the crosslinking of a butyl rubber with 18 parts by weight of an
alkylphenol-formaldehyde resin.
As is clear from the comparison of Example 11 with
Comparative Example 12 or from the comparison of Example 12 with
256 Comparative Example 13 in Table 10, DMDH shows an increase in
hardness with no increase in the amount of carbon black added, also
in the crosslinking of a butyl rubber with 18 parts by weight of an
alkylphenol-formaldehyde resin and a cresol novolac type epoxy

resin or a naphthol-modified epoxy resin.



20 hardness with no increase in the amount of carbon bl ack added, in
the crosslinking of a butyl rubber with 18 parts by wei ght of an

al’kyl phenol - f or mal dehyde resi n. As is clear fromthe
conmpari son of Exanple 11 with Conpar ati ve Exanple 12 or fromthe
conparison of Exanple 12 with 25 Conparati3sge Exanple 13 in Table 10, DVDH
shows an increase in har dness with no increase in the anmount of carbon
bl ack added, al so in the crosslinki ¢ butyl rubber with 18 parts
by wei ght of an al kyl phenol - f or mal dehy e reS|n and a cresol novol ac
type epoxy resin or a naphthol -nodifi ed epoxy resin.
35 Table—9 utyl 365 (1)
100 FT chBReyl 685 (1) By 5
Cal cinated clay (3) 100 Zinc oxide No. 3
5 St ear i cFdctarbon (2) 1 50 Phenol i ¢
resin (4 18 . Fpoxy resi 5
2 Y s DVDH ?é?"mated day @) [PV 1Sifhg®) Not es
for Table 9 Z1nc£é>hde(1‘7€2> 3(3) The same progucts as (1) to (3) of
Tabl e 1. ). The sane| products as (5) and (|6) of Table
1. 15 (5): taazamd:)adld n Table [10. 1

Phenolic resin (4) 18

Epoxy resin (5) 1.5

10 DMDH (6) 2
Notes for Table 9

(1), (2), (3): The same products as (1) to (3) of Table 1.
(4), (6): The same products as (5) and (6) of Table 1.
15 (5): Described in Table 10.
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Exanples 13 to 17 and Conparative Exanple 14 Cr ossl i nki ng
was conducted at 190[err]C for 20 m nutes for t he conpoundi ng reci pes
of Table 11. There were used 18 parts by wei ght of an
al kyl phenol - f or mal dehyde resin and 1 part3®y weight of 5 a hydrazide
conpound. The hydrazi de conpound was sebacic acid hydrazi de i n Exanpl e
13, dodecanedi opC glci d_di hydfazi de ijn Exappl e 14, adipic acid
di hydr azi de i Ex-arrpl e@lS |<popht hallic ac{d hydrazide in Exanple 16 and
decanet hyl ene |§{ ogy [ | oyl & hydr azi de in Exanple 17.
No hydrazi de % was USj nparat fve Exanple 14.
In Fig. 6 are th@ crossl i nKi curves of | Exanpl es 14, 16 and 17
and Conparat i Qg&gatrrplz 14 olpt ai ned oy the t or que measur enent at
190[ err] C usi loscill at iy In Table 12 are
shown the propeXiti gs o@athe ¢rossli /;5 runﬂ)ers,aobtal ned in Exanples 13
to 17 and Conpapatilve Exampl ¢ 14 € B ALis clear fromthe
crosslinking ¢ugves @fOFr—gC\Hp,l\l‘gdga-% 0 7@({? corrgouncgs shgw an effect of
crosslinking cﬁel qlratgon injth 5 5
b 5 8 3
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crossl'i nki ng of a butyl rubber with 18 parts by weight of an 20

al kyl phenol - f or mal dehyde resin. As is clear fromthe
conpari son of Exanples 13 to 17 with Conpar ative Exanple 14 in Table
12, addition of hydrazide com pound gives a significant increase in
har dness. A | arger el ongation (%9 in @mparative Exanple 14 than in
Exanples is due to the I ow 25 crosslink density of Conparative Exanple 14.
igo Exam lcegr %to and Comp@¥tfve'Bxample 14 0 Butyl 365 (1)
Cal cinated clay (3) Crosslinking waB8onducted at 190°CT&hc2¢ 4dinutes forz

12 Cal ci um car bonat e 5 I nc
oxide No. 3 the compoundamg recipes of Table 11. There were ugedyl8 parts by

10 : ' ' .18 , .
I%Iy dr azi de co mg@?@w é§ gnraqﬁkrﬂ)Igé_:ﬁol-forTaldehyde resin dnd hpard l}yoyve.*%m of 11
(1) to (5):5Thg Isairazideeskipouad. (The by draYidef coltpb@nd wdPsebacic acid (6):

Described in Table 12. L )
hydrazide in Example 13, dodecanedioic acid dihydrazide in Example
14, adipic acid dihydrazide in Example 15, isophthalic acid hydrazide
in Example 16 and decamethylenedicarboxylic acid disalicyloyl-
hydrazide in Example 17. No hydrazide compound was used in
10 Comparative Example 14.

In Fig. 6 are shown the crosslinking curves of Examples
14, 16 and 17 and Comparative Example 14 obtained by the torque
measurement at 190°C using an oscillating rheometer.

In Table 12 are shown the properties of the crosslinked

15 rubbers obtained in Examples 13 to 17 and Comparative Example
14.

As is clear from the crosslinking curves of Fig. 6, hydra-
zide compounds show an effect of crosslinking acceleration in the
crosslinking of a butyl rubber with 18 parts by weight of an

20 alkylphenol-formaldehyde resin.

As is clear from the comparison of Examples 13 to 17 with
Comparative Example 14 in Table 12, addition of hydrazide com-
pound gives a significant increase in hardness. A larger elongation
(%) in Comparative Example 14 than in Examples is due to the low

25 crosslink density of Comparative Example 14.



38
Table 11
Butyl 365 (1) 100
FT carbon (2) 40
5 Calcinated clay (3) 83
Talc (4) 12
Calcium carbonate 5
Zinc oxide No. 3 3
Stearic acid
10 Phenolic resin (5) 18
Hydrazide compound (6) 1

Notes for Table 11
(1) to (5): The same products as (1) to (6) of Table 1.
15 (6): Described in Table 12.




[err] 40 Not es (1):
There was used sebacic acid hydrazide which is a saturated

al‘i phatic di basic aci d hydrazi de produced by JAPAN HYDRA- ZI NE
CO, LTD. 5 (2): There was used dodecanedi oi c acid di hydrazide which is a
saturated aliphatic dibasic acid di hydrazig$e produced by JA- PAN
HYDRAZI NE CO., LTD. (3): There was used adi pic acid di hydrazi de which
is a saturated o |apnatyc drgasic actdfdirhydir azi de produced by
JAPAN HYDRA- 10 2 ZIINE CO., [LTD. (4): [Therejwas used isophthalic
aci d hydrazi de whi ¢hi 8 |a phthalic < ac|d defivative produced by
JAPAN HYDRAZI NE COf, 8LRD. ® < { b))% ghereﬁ\;was 'us &l decanet hyl enedi car boxyl i c
acid disalicyloyl- g‘ 5 hydfazile whiech is|a defivative of a saturated
al i phatic hydra- 1% 8)‘* zi de angl oxybenzoic acjd, pfoduced by Asahi Denka
Kogyo K. K Tﬁe sanme productt as Note [6) of Table 1. (6), (7):
(Exanpl es 13-17 hafdresqy) - (Copparati ve Exanp|le 14 har dness)
20 Exanples 18 to :LQ:anq Conpar fiti ve [Exanpl est L5 to| 16
Primary crosslinki pgawas @oad@ esl @ _19@[ er@ D Jd gl 20 m nutes using a
hot press and then|sEcondary CFpsS3Ignkingd wa® | & Londucted at 200[err]C
for 2 hours, for eacR cqnpoundi hg re¢i pe of Faple 13 using 7 or 22
parts by wei ght of |dA allkyl phenpl -f ofnal dehyde| 25 resin and 2 or 0.8 part
by wei ght of dodecangdi ¢i ¢ aci df di hydr azi de.
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In Table 14 are shown the properties of the crosslinked rubbers
obtained in Exanples 18 to 19 and Conparative Exanples 15 to 16.

As is clear fromthe conparison of Exanple 18 with Conpar ati ve Exanpl e
15 and fromthe conparison of Exanple 19 30 with Conparative Exanple 16 in
Tabl e 14, addition of dodecanedi oic acid di hydrazi de gives a
significant increase in hardness. .
41 Notes Tabl e 13 Butyl 268 (1)
100 FT carbon (2) 40 5

Cal ci nated cl afl)( 3There was used sebaci@(acid hydrazide whatl 1§ 4)saturated
(1”% de No. 3 cal gl 1p'ﬂa% rg%rgistlg acid hydrazide prg@lggﬁi gyé@r\]éAN HYDKA"®

1.3 10 2? kf%é B (5) Described in Table 14
Hydr azi de conpound ﬂ} SCrl bed in Table 14 Not es for

'{gbl e 13 5 (2): Theée(v(kas uBad)dod%ﬁn?dil)om‘ adl(ah;ii}g’fdrﬁﬁda\lwﬂfng}amm( K. \(Na)s
used. ) L. 2) t 5): Th as (2
to (5) of Table 1.saturated aliphatig é}basmécggdﬂnﬁi' Qpag (f g ble 12.

PAN HYDRAZINE CO., LTD.
(3): There was used adipic acid dihydrazide which is a saturated
aliphatic dibasic acid dihydrazide produced by JAPAN HYDRA-
10 ZINE CO., LTD.
(4): There was used isophthalic acid hydrazide which is a phthalic
acid derivative produced by JAPAN HYDRAZINE CO., LTD.
(5): There was used decamethylenedicarboxylic acid disalicyloyl-
hydrazide which is a derivative of a saturated aliphatic hydra-
15 zide and oxybenzoic acid, produced by Asahi Denka Kogyo K. K.
The same product as Note (6) of Table 1.
(6), (7): (Examples 13-17 hardness) - (Comparative Example 14

hardness)

20 Examples 18 to 19 and Comparative Examples 15 to 16
Primary crosslinking was conducted at 190°C for 20

minutes using a hot press and then secondary crosslinking was
conducted at 200°C for 2 hours, for each compounding recipe of Table
13 using 7 or 22 parts by weight of an alkylphenol-formaldehyde

25 resin and 2 or 0.8 part by weight of dodecanedioic acid dihydrazide.
In Table 14 are shown the properties of the crosslinked rubbers
obtained in Examples 18 to 19 and Comparative Examples 15 to 16.

As is clear from the comparison of Example 18 with

Comparative Example 15 and from the comparison of Example 19

30 with Comparative Example 16 in Table 14, addition of dodecanedioic

acid dihydrazide gives a significant increase in hardness.
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Exanpl es 20 to 22 and Conparative Exanple 17 Primry
crosslinking was conducted at 190[err]C for 20 m nut es usi ng a hot
press and then secondary crosslinking was conducted at 200[err]C for 2
hours, for each conpoundi ng recipe of Tabl4l 5 15 using 10 parts by wei ght
of an al kyl phenol -f or mal dehyde resin and 0.1 to 0.2 part by weight of a
hydrazi de conpound. Eachmgps$hi nked rubber obtai ned was
measured for hardness (i nstantaneous val ue and 3-second value), using a
dur o- meter- A hardness tester. The same neasurenent was nade al so for
10 the crosslinked rypber—eof—Conparat+veBsanpte—t+ustug—Hro—hydya-
zi de conmpound. All th8BwtydLHs (Wed rubbers |were nmeasgped al so for
1. R H D. hardness. The resullts of neasurenents are shown in
Tabl e 16. FT carber (3) ear that tlhe use of 48decanedi oijc acid
di hydrazi de .15 or adifl+G:.aGl I azi de |or the conghned use oOf
i sopht hal i c5aci d k@%&@&&g cg?ig)@)(’)decanedi oi ¢ aci SBQI hydrazi de shows an
ef fect of har dnegqdlpgapase in the crogslinking ofigbutyl rubber with
al kyl -

Calcium carbonate 10

Zinc oxide No. 3 4

Stearic acid 1.3

10 Phenolic resin (5) Described in Table 14
Hydrazide compound (6) Described in Table 14

Notes for Table 13

(1): Butyl 268, a product of EXXON Kagaku K. K. was
15 used.

(2) to (5): The same products as (2) to (5) of Table 1.

(6): The same product as (2) of Table 12.




pound
20 creased

44

100
Cal ci nated clay (3)

This is because each hydrazi de com

pheho’l -formal dehdye resin.

Cal ci um

15
Zinc oxide No. 3

45 542

has an effect of crosslinking acceleration and gives an in-
crosslink density.
Butyl 268 (1)
Talc (4)

Tabl e 15
FT carbon (2)

90
car bonat e

4

1):

(

Phenol i c

1.5 10

Hydr azi de conpound (6)

Notes for Table 15

10

Stearic acid

Described in Table 16

resin (5)
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15

20

43

Examples 20 to 22 and Comparative Example 17

Primary crosslinking was conducted at 190°C for 20
minutes using a hot press and then secondary crosslinking was
conducted at 200°C for 2 hours, for each compounding recipe of Table
15 using 10 parts by weight of an alkylphenol-formaldehyde resin
and 0.1 to 0.2 part by weight of a hydrazide compound.

Each crosslinked rubber obtained was measured for
hardness (instantaneous value and 3-second value), using a duro-
meter-A hardness tester. The same measurement was made also for
the crosslinked rubber of Comparative Example 17 using no hydra-
zide compound. All the crosslinked rubbers were measured also for
I.LR.H.D. hardness.

The results of measurements are shown in Table 16.

It is clear that the use of dodecanedioic acid dihydrazide
or adipic acid dihydrazide or the combined use of isophthalic acid
hydrazide and dodecanedioic acid dihydrazide shows an effect of
hardness increase in the crosslinking of butyl rubber with alkyl-
phenol-formaldehdye resin. This is because each hydrazide com-
pound has an effect of crosslinking acceleration and gives an in-

creased crosslink density.
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Exanpl es 23 to 27 and Conparative Exanple 18 Primry
crosslinking was conducted at 190[err]C for 20 m nut es usi ng a hot
press and then secondary crosslinking was conducted at 200[err]C for 2
hours, for each conpounding recipe of Tabldd 5 17 using 16 parts by wei ght
of an al kyl phenol -f or mal dehyde resi n. In Exanples 23 to 27, hydrazide
conmpounds were added singly or in cpablenpg i on in different anmounts, as
shown in Table 18; in Com parative Exanple 18, no hydrazi de conpound
was added. The properties of the crosslinked rubbers obtained are shown
in Table 18. 10 FT—Frg—7 are showr thecrosstimkimg——Tuy ves of
Exanpl e 26 and CpBpayhP68«1Exanpl e 18 ¢bt ai ned bj0@ he tor que
measur enent at 19% rr]C using an oscillating rhgg ter.

As is clear fromthe| €rdSMORKI4lg curves of Fig. 7, a*hydra- zi de

conpound(s)shows (sh : f crosslinking a | eration [L5 in the
2 [OHcBRLEN L85 Ho

crosslinking of a bu 16 parfs by weig of an
al kyl phenol - f or mal dep¥dée (Hsi n. As is thear from[fable 18,
addi tion of hydrazi dg_conpound
Calcium carbonate 5
Zinc oxide No. 3 4
Stearic acid 1.5
10 Phenolic resin (5) 10

Hydrazide compound (6) Described in Table 16

Notes for Table 15
(1): The same product as (1) of Table 13.

15 (2) to (5): The same products as (2) to (5) of Table 1.
(6): Described in Table 16.




rubber gives a crosslinked rubber

significantly increased in hardness.

in the resin crosslinking of butyl
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Butyl 268 (1)
40 5
Talc (4)
Zi nc

Stearic acid

Tabl e 17
100 45

FT carbon (2)
Cal ci um car bonat e

Cal ci nated clay (3)
oxi de No. 3

100
10

Not es for

16

(6):
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butyl- rubber, the crosslinking of butyl rubber is accelerated by the

use of a hydrazide conpound and there can be easily produced, w t hout
usi ng any hal ogen conpound as a crosslinking co-agent, a 5 crosslinked
butyl rubber having a high hardness of 80 or nore in terms of JIS-A
hardness and yet possessing required el ect46cal i nsul ati on. Moreover,
the crosslinked rubber product has good nol dability, is excellent in
el ectrical insEaihmples 8% APUA | C¥paratifs ’E%é‘dn&blé’wo metals. 10

The feature of the present Tnventron I'ites 1n that the dira2|de
conpound used |s un|queIQWMaethbsﬂsnkmMﬁwaaaoaduagﬁbaE190 ﬁhn&ﬂlons

I I d d
orossi {nking bl Bes Bing # hAEDEs ARt RFnGogRIaay FoshRking wis S Th
al kyl phenol -forcaﬁa%fycﬂst DeBIM fo1( Dhdd, fndsad gtf‘xgﬁ?ﬁﬁﬁwﬁgréég% @q"P the

rel ease of the 'ori ne contained in raw nateri
clay or carson 14 las:lklg B8 pants bpwweieht of anmlﬂdy@lmmddormaldbhy&ed esuinber

product, and (3) the h dra |de und. gi ves a Cros ked rubber
product of hi ghR ”g%sﬁgra@a%%cq’mppﬁeds we @&e%mgm%m bl ack

used.

| sopr ene-i sobut yﬁgﬁég?ll? ]m dlf{%&%lﬁgﬁﬁégbo%svﬁogﬁﬁ?Ig?%irmgels@égg‘?%&' to an

i sopr ene- lSObUbﬁh‘ﬁﬂ@erEﬁmrple ams, ﬂok}yslvcn*a%ﬁ@é céﬁ@@&h@%ﬁé%&@ﬂ nThed a

hydr azi de conmpound characterized in that said_ method TTEI‘I ses addi ntglg to
8

100 parts by wergpertaes afithe oppsshimked Edohﬁrylomgmadow ewnoirp$aple

ht of | kyl ph | dehyd to 5 paits b i ght
or 9| ohstone Ui paCor In Fieod e s the Crardittrineigaves of Example Y8 ¢
al kyl phenol - op,pril AEANAR A R™ Bxhihfle CH BN Hed By @2 Gl eh Birddllh@W NI

formula (1):

at 190°C using an oscillating rheometer.
As is clear from the crosslinking curves of Fig. 7, a hydra-
zide compound(s) shows (show) an effect of crosslinking acceleration
15 in the crosslinking of a butyl rubber with 16 parts by weight of an
alkylphenol-formaldehyde resin.
As is clear from Table 18, addition of hydrazide compound
in the resin crosslinking of butyl rubber gives a crosslinked rubber

significantly increased in hardness.



[err]- wherein nis O (zero) to 10, Ris an aliphatic alkyl group having 1
to 10 carbon atons, and R is -CHerr]- or -CHerr]OCH err]-, and wherein

t he hydrazi de conmpound is at |east one kind of conmpound selected from the
group consisting of the dibasic acid dihydrazi des and carbodi hydr azi de
represented by the followng forrmulas (2) 49 (5): [err]
[wherein X and Y may be the sane or different and are each a hydrogen atom
or an alkyl group having 1 to 5 carbon aigg;;7R i s a hydrogen atomor a

group represented by [err]
[err] 51 (wherein R is a hydrogen atom a
met hyl group or a hyd%e*w—g-mﬁ-pa—n—hs—a—nﬁqmeq—e#—g—ez-e#e)—t—e—z; and mis
a nunber of 0 (zero) tBuﬁﬂﬁﬁB m are not| O simult gggpusl y)],
0 rr [whereln R is a hydrogen atom ar an al kyl
group having 1 to 10 cETE@ﬁband is a hydrogen atd¥n or a grdup
represented [y Calcinated clay 3 100

Talc (4) 10

Calcium carbonate 5

Zinc oxide No. 3 4

Stearic acid 1.5

10 Phenolic resin (5) 16
Hydrazide compound (6) Described in Table 18

Notes for Table 17
(1): The same product as (1) of Table 13.

15 (2) to (6): The same products as (2) to (5) of Table 1.
(6): Described in Table 18.




[err]
(butyl

group) ;

an

is a

and

[wherein Ris a hydrogen
A nmethod for crosslinking an i s4fprene-i sobutyl ene rubber,

group or a hydroxyl
[err]

[err] (wherein R

group)],
to an isoprene-isobutyl ene rubber,

group or a hydroxyl

I's a hydrogen atom a nethyl

(wherein R
rubber) which conprises addi ng,

hydrogen atom a mnet hyl

2.

[err]:

and n is a nunber of 1 to 10],
attom or a group represented by
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of an al kyl phenol - formal dehyde resin, 0.1 to 5 parts by wei ght of at |east
one kind of hydrazi de conpound, and 0.3 to 10 parts by wei ght of at |east

one kind of epoxy compound, wherein the al kyl phenol- formal dehyde resin is
a conpound represented by the following forrmula (1): [err]
R R R wherein nis O (4¥ro0) to 10, Ris an aliphatic

al kyl group having 1 to 10 carbon atons, and R is - CHerr] - or -

CH err]CH err] OCH [ err Accoftng td ﬂi@préﬁ%ﬁ&&ﬁéﬁﬁ)@ﬁm&m ck6sdinkig@ssf one

kind of conmpound sel ected fromthe consi sting of the dibasic acid

di hydr azi des ahutsdamﬂkhﬂm;theazoelﬁlnkm@Igblmftyéd‘uwerhe atoellemwtetbbi’ctﬂlml as
Gi Trerent and 45 obadvarayife shmmaitivhasn SheTa ey BYFasty RIORIGEY: Lo s
FZ; Pf” atons; Riiodt Fgﬁfgﬂﬁ? H"il@&él? cothp P ak SPGB SRhREh P¥o-agent, a
5 crosslinked butyl rubber having a high hardness of 80 or more in
terms of JIS-A hardness and yet possessing required electrical
insulation. Moreover, the crosslinked rubber product has good
moldability, is excellent in electrical insulation, and shows low
corrosivity to metals.

10 The feature of the present invention lies in that the
hydrazide compound used is unique and exhibits three advantageous
functions simultaneously, that is, (1) the hydrazide compound acts as
a good crosslinking accelerator in the crosslinking of butyl rubber
with alkylphenol-formaldehyde resin, (2) the hydrazide compound

15 prevents the release of the chlorine contained in raw materials (e.g.
butyl rubber, clay or carbon black) as an impurity, from the cross-
linked rubber product, and (3) the hydrazide compound gives a
crosslinked rubber product of high hardness with no increase in the

amount of carbon black used.



53 (wherein R is a hydrogen atom a nethyl group or a hydroxyl group), n
s a nunber of 0 (zero) to 2; and mis a nunber of 0| eroﬁ to 20 hw‘and m

afe not O sinultaneously)], mmlml m “ ‘rll erein
Ris a hydrogen atomor an al kyl group having 1 to Is a
hydrogen atom or a group represented by 50 * [err] (wherer n R
Is a hydrogen atom a nethyl group or a hydroxyl group); and n is a nunber
of 1 to 10], C(Claims: 0 [err] [vvherein Ris a

hydr ogen at om or a grou represent ed by
(wherein R isla hydroggrmeﬂmd fox aresslynkingam mpmrn@ympbuyyle@reduﬂ:)k}er and

(Izi nd of gpoxy thﬂbsﬂﬁpgﬁeg&ﬁ%smﬁhg t{]"ceRFSPS&%YEeﬁD r}%?r :a%{ Slpﬁgflfﬂ oge
resin a bi éﬁﬁ%ln P SRS dBhy MRt cBRE KK PRy AradldB cORIfRB AD [yPe epoxy
A method for crosslinking an isoprene-isobutylene rubber,
which comprises adding, to an isoprene-isobutylene rubber, an
alkylphenol-formaldehyde resin, a hydrazide compound and an
epoxy compound.
3. A method for crosslinking an isoprene-isobutylene rubber
according to Claim 1 or 2, wherein the alkylphenol-formaldehyde

resin is a compound represented by the following formula (1):

0H o 0

HOH,C R R CH,0H 1)

R R R
wherein n is 0 (zero) to 10, R is an aliphatic alkyl group having 1 to
10 carbon atoms, and R'is -CH, - or ~-CH,0OCH, -.
4. A method for crosslinking an isoprene-isobutylene rubber
according to Claim 1 or 2, wherein the hydrazide compound is at
least one kind of compound selected from the group consisting of the
dibasic acid dihydrazides and carbodihydrazide represented by the
following formulas (2) to (56):

0 X Y 0
I | I i
RHNHN —C— [~ (CH=C),—, —(CH),—] —C—NiNHR (2)

[wherein X and Y may be the same or different and are each a
hydrogen atom or an alkyl group having 1 to 5 carbon atoms; R is a

hydrogen atom or a group represented by

Rl
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54 by substituting one nethyl group added to the sketeton of bi sphenol AD

type epoxy resin, with an alkyl group having 2 to 12 mmnmﬂnﬂmﬁm
phenol i ¢ novol ac type epoxy resin, a cresol novol ac tﬂm S' iia

tri phenyl met hane type pol yfunctional epoxy resin, an arfic§clh c_“epoxy
conpound, a napht hol -nodi fi ed novol ac typeskpoxy resin and an epoxy
conpound of glycidyl o-, m or p-phthalate or o-, m or p-hydrophthal ate

type. 3. herdinR! R0 Hy@iro8ERSIbi RREP] EFGRS 8R% hy@hustyl ubber
(butyl T ubber) ‘hoereidiR 04 gﬁgng%glrﬂﬂ;gﬂmﬁe?gi% T H O P e i

at | east one kinrg ahumybemef 0dzexmbo®)dnskemeist 2duimber 0H0 (gexn)tochénst i ng
of carbodi hydrazide, adipj¢ acid,di hydrazi de, sebacic acid hydrazide,
dodecanedi oi ¢ é&%md?%ﬁ$%§i%%¥uq?%%$§ﬁ%ﬂ%§ ic acid hydra- zide, maleic acid
hydr azi de, decanet hyl enedi carboxylic_acid disali- cyloyl hydrazi de,

ei cosanedi oi ¢ aci d di hydrazide, 7, llRQCt aggcadi ene- 1, 18-di car bohydr azi de,
and 1, 3-bi s(hydrazi nocar boet Wyl ) - 5-i sdprdpyl - hydamt oi n. 4. A

crosslinked rubber prodygtyaitaidped, by cripssi i_r%g ., soprene-isobutyl ene
rubber (butyl rubber) acctgr |ng{dtﬁc°)ﬂ]a g\e&’?licﬂpﬁg f} d set forth i)any

of dainms 1 to 3. i
0

[wherein R is a hydrogen atom or an alkyl group having 1 to 10

carbon atoms; R' is a hydrogen atom or a group represented by

RI’

nel

(wherein R" is a hydrogen atom, a methyl group or a hydroxyl

group); and n is a number of 1 to 10],

0 0
]
RHNNHC*@*ICINHNHR 4

[wherein R is a hydrogen atom or a group represented by
RI
._C
i

(wherein R’ is a hydrogen atom, a methyl group or a hydroxyl
group)], and

0 1
;i zNNHC‘©—CNHNH2 ()
5. A method for crosslinking an isoprene-isobutylene rubber

according to Claim 1 or 2, wherein the hydrazide compound is at
least one kind of hydrazide compound selected from the group con-

sisting of carbodihydrazide, adipic acid dihydrazide, sebacic acid
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hydrazide, dodecanedioic acid dihydrazide, isophthalic acid hydra-
zide, maleic acid hydrazide, decamethylenedicarboxylic acid disali-
cyloylhydrazide, eicosanedioic acid dihydrazide, 7,11-octadecadiene-
1,18-dicarbohydrazide, and 1,3-bis(hydrazinocarboethyl)-5-isopropyl-
hydantoin.

6. A method for crosslinking an isoprene-isobutylene rubber
according to Claim 2, wherein the epoxy compound is at least one
kind of epoxy compound selected from the group consisting of a
bisphenol A type epoxy resin, a bisphenol F type epoxy resin, a
bisphenol AD type epoxy resin, a bisphenol type epoxy resin obtained
by substituting one methyl group added to the skeleton of bisphenol
AD type epoxy resin, with an alkyl group having 2 to 12 carbon
atoms, a phenolic novolac type epoxy resin, a cresol novolac type
epoxy resin, a triphenylmethane type polyfunctional epoxy resin, an
alicyclic epoxy compound, a naphthol-modified novolac type epoxy
resin and an epoxy compound of glycidyl o-, m- or p-phthalate or o-,
m- or p-hydrophthalate type.

7. A method for crosslinking an isoprene-isobutylene rubber
according to Claim 1, which comprises adding, to 100 parts by weight
of an isoprene-isobutylene rubber, 5 to 25 parts by weight of an
alkylphenol-formaldehyde resin and 0.1 to 5 parts by weight of at
least one kind of hydrazide compound.

8. A method for crosslinking an isoprene-isobutylene rubber
according to Claim 2, which comprises adding, to 100 parts by weight
of an isoprene-isobutylene rubber, 5 to 25 parts by weight of an
alkylphenol-formaldehyde resin, 0.1 to 5 parts by weight of at least
one kind of hydrazide compound, and 0.3 to 10 parts by weight of at
least one kind of epoxy compound.

9. A crosslinked rubber product obtained by crosslinking an
isoprene-isobutylene rubber according to a crosslinking method set

forth in any of Claims 1 to 8.
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