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DESCRI PT1 ON PROCESS. EQR - PRODIICH-NG—SH-ANE—CRESSH-NKED—
PCOLYOLEFI N Technical Field The present invention
relates, in the silane- crosslinking of polyolefins, a process of

si | ane- crosslinking for producing a silane-crosslinked 5

pol yol ef i n i wopva2%¥%ep whi ch uses a carrier polynmer A P%'mqﬂm%g an
organi ¢ unsaturated silane and the like in a high concentration and a
carrier polyner B containing a silﬁnol condensati on catal yst and the
l'i ke. 10 Background Art A sinmpl e nmethod which has been
w dely known for crosslinking polyolefins is the so-called silane
crosslinki ng nmethod whi ch conpri sespgseg&iprgpmn organi c unsat ur at ed
silane to the polyolefin in the presence of 15 a free radical generating
agent to effect silane grafting, and then contacting the resulting

si | ane- grafted ROl ner with water in the presence of a silanol
- PROCESS FOR PRODUCING SILANE-CROSSLINKED

POLYOLEFIN

Technical Field
The present invention relates, in the silane-

crosslinking of polyolefins, a process of silane-
crosslinking for producing a silane-crosslinked

5 polyolefin in one step which uses a carrier polymer A
containing an organic unsaturated silane and the like
in a high concentration and a carrier polymer B
containing a silanol condensation catalyst and the

like.

10 Background Art
A simple method which has been widely known
for crosslinking polyolefins is the so-called silane
crosslinking method which comprises grafting an organic
unsaturated silane to the polyolefin in the presence of
15 a free radical generating agent to effect silane
grafting, and then contacting the resulting silane-
grafted polymer with water in the presence of a silanol
) condensation catalyst to effect crosslinking. This
method is disclosed, for example, in JP-B-48-1711 and

20 JP-A~-57-49109.



condensation catal yst to effect crosslinking. This method is
di scl osed, for exanple, in JP-B-48-1711 and 20 JP- A- 57-491009.
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2 However, this nmethod conprises at |east two st eps,
that is, thqwakbﬁggigrafting step and the sil anol copgeapsiockpa Step.
Accordingly, a east two extrusi on steps are necessary to obtain’the
ultimate 5 product, inevitably resulti@g in econom cal disadvan-

t age. An al ready known one-step process is the

nmonosi | process. This prd@@veraqibissmgthed remprises ggdieash twpar at us

for injecting an,organj,c unsatyrated, 10 silane in the formof liquid
into an extrude??eggd that 1%n§ﬂ§8 FhdBRG9r 2 Eﬁ?ﬁ(ﬁﬁqgﬂE“Sftg?ippage and

nmet eri ng ﬁ?g“% .t he ces ' an.e [
speci al type ex%?%%é?l&?% a aFﬁ%gLfgégétigc%gﬂ#ﬁgﬁ'é at igg%§i¥d?n1
di spersion of sgRtfusienétep¥ adddnkc¥ssarylfo obt@Syl ithBJul PisgeaoM cal

di sadvantage. Furthernore, a very high grade technique is necessary
in the 5 exproduon, inevitably resultingt hmrecomomicadedisa@v@mocess i S a
si |l ane crosslinking nmethod which introduces silane into a 20 solid

carrier pol ynert@98c|l osed in JP-A-3-167229. In
An already known one-step process is the
monosil process. This process reguires a liquid
addition apparatus for injecting an organic unsaturated

10 silane in the form of liquid into an extruder, and
hence involves the problems of slippage and metering
error. Moreover, the process requires an expensive
special type extruder with a high L/D ratio to insure
uniform dispersion of small amounts of additives,

15 resulting in economical disadvantage. Furthermore, a
very high grade technigue is necessary in the
extrusion.

Another known one-step process is a silane
crosslinking method which introduces silane into a

20 solid carrier polymer disclosed in JP-A-3-167229. 1In
this method, however, a porous polymer or EVA is used
as the solid carrier polymer and, in addition to silane
and a free radical generating agent, such other
additives as a silanol condensation catalyst and an

25 antioxidant are introduced to the solid carrier
polymer; hence the method involves the problems of low
crosslinking efficiency and poor storability caused by

oligomerization by condensation of silane or inhibition
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Bil&ne-crosslinked polyolefin in one step which uses a
carrier polymer A containing an organic unsaturated
silane and the like in high concentrations and a
carrier polymer B containing a silanol condensation

catalyst and the like.

Disclosure of the Invention

The present invention relates to a process
for producing a silane-crosslinked polyolefin which is
characterized by melt-~blending (i) a polyclefinic base
polymer, (ii) a carrier pclymer A containing an organic
unsaturated silane represented by the formula RR’SiY,,
wherein R is a monovalent olefinic unsaturated hydro-
carbon group, Y is a hydrolyzable organic group, and R’
is a monovalent hydrocarbon group other than aliphatic
unsaturated hydrocarbon groups or is the same group as
Y, and a free radical generating agent and containing
substantially no water and (iii) a carrier polymer B
containing a silanol condensation catalyst and an
antioxidant, at a temperature higher than the crystal
melting point of the base polymer to effect reaction,
and then contacting the resulting reaction product with

water to effect crosslinking. 1In this process for

The present
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characterized by nelt-blending (i) a polyolefinic base 15 pol ymer, (ii)

a carrier polyner A containing an organic unsaturated sil ane
represented by the fornula RR Si Y[err], wherein R is a nonoval ent
olefinic unsatur ated hydro- carbon group, Y is a hydrolyzable organic
group, and 09712936 S @ honoval ent hydrocarbon group ot herpgrmsezizphat i c
20 unsaturat ed’ ydrocar bon groups or is the sanme group as Y, and a
free radical generating agent and contaanng substantially no water
and (iii) a carri er ol yrme contai ning .a silanol condensation

catal yst and arProducing,g é%llaaﬂrcr‘a%]a"‘%l&ﬁﬁ)é?c‘&tl’ﬁﬁlgfF\Pgh‘éﬁ‘ethmt he crystal

contacting o BEbYE id° RIRRErERIY S Roliin Fe105RE K0 the gr R
(I;VC_%S\?:D'ggybgg-lz|ébﬁ§l§tﬂfgo%%3§oi9éthylene, polyp%g%ﬂe;lgg?’@o%%l er of

si | ane-crossl i rdesty Yeley @ndl &R, at6PebSE ethyleneoletipl aérpx@é@rabl y a
pol ymer selected fromthe group consi sting of polyethyl ene,

pol ypropyl éne, capmiymesr (BEA), ethyléns-amethyid rethacoybdte, capdismene- et hyl
acryl ate 5 copol yrrer (EEA) et hyl ene- met hyl et hacr%vate copol yner
(EMVR), ethyle efhailere- Ebﬁ%fy%@ﬁt%qerPpolvmer ERYAY i nat ed

oyt e (el LA e cagd e SanMEEOR P2)™
et hyl ene-ethyl thereof; the carrier polymer A is preferably a polymer
selected from the group consisting of ethylene-ethyl
10 acrylate copolymer (EEA), ethylene-methyl methacrylate
copolymer {(EMMA), a hydrogenated block copolymer
obtained by hydrogenating a block copolymer consisting
essentially of a polymer block comprising at least one
vinylaromatic compound as the principal monomer unit
15 and a polymer block comprising at least one conjugated
diene compound as the principal monomer unit, and the
mixtures thereof; the carrier polymer B is preferably a
polymer selected from the group consisting of poly-
ethylene, polypropylene, copolymer of ethylene and an
20 a-olefin, and the mixtures thereof; and the total

amount of the carrier polymer A and the carrier polymer

B is preferably 3-15% by weight.

Best Mode for Carrying Out the Invention
The present invention is described in detail
25 below.
The polyolefinic base polymer used in the

present invention is not particularly limited and may



10 acryl ate copol yner (EEA), ethylene-nethyl nethacryl ate copol yner
(EMVRA), a hydrogenated bl ock cgpolvner obtained by hydrogenating a
blrock copol yner consi sting essentially of a polyner block conprising
at | east one vi nyl aromati c conmpound as the principal nmonomer unit 15
and a polyner bl ock conprising at |east one conjugated di ene conpound
as the princiwabramssoner unit, and the m xt ures ther eBFFIHERTEG ¢ er
polymer B is preferably a pol yrer sg%ected fromthe group consisting
of poly- et hyl ene, pol ypropyl ene, ol ymer of ethylene and an 20

[err]-olefin, anghe Mexbihes, tégﬁﬁEﬁrgfwyét%QQEBQta§°1Y?r$%¥¥ ? gnt of the

carrier polynmer A ‘and the carrier poly Bis pre 3-15% by

wei ght . dipiil yidede ofOethl éyé Nghddin holbBYAN|wrein the a-

The present invention is described in detail 25 bel ow

The pol yol ef i ni @lefia palyyber Cyrdhgl d+oliefdns, e.gpr gxmopylemegnbubeneés not
particularly limted and may WO 97/ 12936

PCT/ JP96/ 02712 1, pentene-1, octene~l, 4-methylpegtene-l, Hb= for exanpl e,

comon pol hyl en ol n . co oI ner of ethylene and an
[err]- oloef ?/rg " t& r}%ﬁ’fég EI’] 2 'E‘d"’“e‘iﬂy & be ’G?['é?’f%/ = err]
[err]-olefins, ede%ene‘l&f)p%ﬁ@@enéyi €d dodecene-1), ethylene-ethyl

acrylate copolymer (EEA), ethylene-methyl methacrylate

copolymer (EMMA), ethylene-vinyl acetate copolymer
(EVA), chlorinated polyethylene (CPE), and the mixtures
10 thereof.

The organic unsaturated silane used in the
present invention is grafted tc the base resin to serve
as the point which crosslinks the base resin molecules
with each other. The organic unsaturated silane used

15 in the present invention is a compound represented by
the formula RR’SiY,, wherein R is a monovalent olefinic
unsaturated hydrocarbon group, Y is a hydrolyzable
organic group, R’ is a monovalent hydrocarbon group
other than aliphatic unsaturated hydrocarbon groups or

20 is the same grcocup as Y. Preferably used is an organic
unsaturated silane in which R’ and Y are the same and
which is represented by the formula RSiY,, for example,
vinyltrimethoxysilane, vinyltriethoxysilane, vinyl-
tributoxysilane, allyltrimethoxysilane and allyl-

25 triethoxysilane.

The amount of the organic unsaturated silane
to be added is 0.1-5% by weight, preferably 0.7-3% by

weight, based on the total weight of polymers. Wwhen



1, pentene-1, octene-1, 4-nethylpentene-1, 4- 5 net hyl hexene-1,

4, 4- di met hyl pent ene-1, nonene-1, decene- 1, undecene-1 and
dodecene- 1), ethyl ene-ethyl acryl ate copol ymer (EEA), ethyl ene-nethyl
nmet hacryl ate copol ymer (EMVA), ethylene-vinyl acetate copol yner
(EVA), chl or‘{g‘ﬁggﬁq eool yethylene (CPE), and the mi xtures 1Q@cysbdppaef .

The organic {if%t ed silane used in the present invention is
grafted to the base resin to serve 6as the point which crosslinks the
base resin nol ecul es wi th each other. The organic unsaturated sil ane
used 15 in tthe greyas: isnless ithen 9.4 cbypyeiaht epr enfifiiaiant t he
formula RR SiY[err],. wherein Ris a noval ent ol efinic unsat ur at ed
hydr ocar bon gr[ﬁf&f]t?'ﬁgsgﬁeﬁyﬁﬁ"bl%l ace. Ay, amopnt Japger whang 53

nonoval ent hydg g p . Lh L phat | turated
hydr ocar bon gro p?eg%“tzggy ?ésu?%edé?aén%rl&eo%glgghg.ﬂ‘#brae]f%gj?aﬁ y used is an

organi c HivnlomizhedvSil sardnitadigus R and Y are the sanme and
which is represented by the fornula RSi Y[err], for exanple,

vi nyl tri meshoxysi | ane, virhgl freetrmidesnl geherdtiyg-agent uddd Qut @nesi | ane,
allyltrinethoxysilane and allyl- 25 triethoxysil ane. The
anount of the ®ugsend dnvention attd ladhe initiatoe ofidddare 0. 1- 5% by
nerant . Prer et SRt dnf R cree rlfllll oehBRSEiS0 S oUly Y5 0N of
pol ymers. Wen

the present invention may be various organic peroxides

and peresters which have a strong polymerization

10 initiating effect, for example, dicumyl peroxide, «,a’-
bis(t-butylperoxydiisopropyl Jbenzene, di-t-butyl
peroxide, t-butyl cumyl peroxide, dibenzoyl peroxide,
2,5-dimethyl-2,5-bis(t-butylperoxy)hexane, t-butyl
peroxypivalate, and t-butyl peroxy-2-ethylhexanoate.

15 The amount of the agent to be added is 0.01-0.5% by
weight, preferably 0.05-0.2% by weight, relative to the
total weight of polymers. When the amount is less than
0.01% by weight, the silane grafting does not proceed
sufficiently. Wwhen the amount is larger than 0.5% by

20 weight, both the extrusion processability and the
surface appearance of moldings tend to be poor.

The free radical generating agent and the
organic unsaturated silane can be incorporated into the
carrier polymer A of the present invention by swelling

25 the carrier polymer A with a liguid mixture obtained by
dissolving the free radical generating agent in the

organic unsaturated silane. For incorporating the

silane into polymer to a high concentration at this
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6 ————t-he—arpuit—i-s—|-as6—t-halebrtdbo-by e i-ght—a—sufficient—  grafting

does not take place. An anount |arger than 5% by wei ght may cause
defective nolding and also is econoni cal | y di sadvant ageous. 5

The free radical generating agent used in the present _invention acts
as the initi ¥NSPVEPI&| | ane grafting. The free radi cal PGEIE6ARTAg
agent used in the present invention may be various organi c peroxides
and peresters which have a strong pol ynerization 10 initiating effect,

for exanple, di tume, gpheosatifiel dllynedt A needs to be preheated, but

bi s(t-butyl peroxydii sopropyl)benzene, di-t-butyl peroxide, t-butyl
cunyl peroxide, tdiepdempprapurexiuat not be higher than the crystal

2, 5-di et hyl - 2, 5-Ri sg}t - but,%l per oxy) hexane, t- butg){ﬁl per oxypi val at e,
and 1-butyl per B&}F38; RPLAEXSh kit Polymer iggtafhe wolymemnshayddt to be

added is 0.01-0,59 .weight, preferably 0.05-0.2% by wei ght,
relFative to theu;ééggotgfé l9\%1ght of polynmers. When the anount is |ess

t har @. 01% by wei ghﬁhet&%éﬁggﬂ%ﬁg hggggfg@e r}%t@lreo ged

sufficiently. Wien the anmount 1s an |§ﬁt,fboth t he

extrusi on procegrahuliesyanddnidte be comp%%ﬁbiéewﬂﬂpeﬁfél'iﬁ%eokoﬁ'ghgkngs tend
to be poor. The free radical generating agenht and the

or gani ¢ unsat ur &celbescrasel tnirecb@nidneditpotheedilavieo. t Ithe term carrier

polymer A of the present invention by swelling 25 the carrier polymer A
with a liquid ni cPEPatible; herein means ghatothe rpntier pedymedi aal

generating agentubllyifor readily?¥Uake B3EhULAL oS S8 R5.100L POrating

10 dispersible or soluble in the base polymer. The
suitable carrier polymer A is non-hygroscopic. Thus,
the moisture absorption rate of the polymer is
preferably relatively slow in order to minimize the
possibility of premature hydrolysis and condensation of

15 the silane. 1In any way, substantially no water should
be present in the carrier polymer A. The carrier
polymer A used in the present invention is usually made
into the form of granules, including pellets.

Preferred is the form of pellets.

20 The carrier polymer A used in the present
invention may be, for example, ethylene-ethyl acrylate
copeolymer (EEA), ethylene-methyl methacrylate copolymer
(EMMA), a hydrogenated block copolymer obtained by
hydrogenating a block copolymer consisting essentially

25 of a polymer block comprising at least one vinyl-
aromatic compound as the principal monomer unit and
a polymer block comprising at least one conjugated

diene compound as the principal monomer unit, e.g.,



silane into polymer to a high concentration at this WD 97/ 12936

PCT/ JP96/ 02712 7 tinme, the carrier
pol ymer A needs to be preheated, but t he tenperature must not be

hi gher than the crystal mel ting point of the polyner |est the pol yner
shoul d w#ﬂ‘?/?{sgoo mel ting. 5 The carrier peirypRiozA2must be
in the formo granul es and nmust be conpatible with the base pol yner
to be crosslinked and with the silane. Th& term "conpati bl e" herein
means that the carrier polynmer A shoul d not readily react with the

silane and shoUt¥fiRgenphed gtygererbFePEAne dil@ske cPROLNBEEAESERS) yrer.  The
I t abl ' | Al - h jc. T \ t h I st

absor ption rat O THGFOgERANER PEveene-brddisne, PISFK| SPPOLYRES  ow i n or der

to mnimize the spps), AAESERG! nixegl prar@géaaﬁyh&%%%%asﬁggﬁﬁ densati on

of = 15 the silane.”” I'n any way, substanti no wat er be
present in the garggelorP@Muaer A The carrier pol ynmer A used in the
present invention is usually nade into the form of granul es,

i ncluding pellets. TRecbéélandl i condendatrionotapeallyyst s. an2D-

The carrier polynmer A used in the present I nvention may be, for

exanpl e, ethyleﬁﬁ%4§ﬂﬁﬂ eiErymay¥ebe incorporated into the carrier

polymer B of the present invention by kneading them
with the carrier polymer B, followed by granulation.
The carrier polymer B should be in the form of granules

10 and should be a solid compatible with the base polymer
to be crosslinked. The carrier polymer B is usually
made into the form of granules, including pellets.
Preferred is the form of pellets.

The carrier polymer B has a softening point

i5 equal to or higher than that of the carrier polymer A.

The carrier polymer B used in the present
invention may be, for example, polyethylene,
polypropylene, copolymer of ethylene and an a-olefin,
wherein the a-olefin may be C;-C,, a~olefins, e.g.,

20 propylene, butene-~l, pentene-1, octene-1, 4-methyl-
pentene-~1, 4-methylhexene-1, 4,4-dimethylpentene-l,
nonene-1, decene-1, undecene-1, dodecene, and the
mixtures thereof.

The silanol condensation catalyst used in the

25 present invention may be such crganometallic compounds
as dibutyltin dilaurate, stannous acetate, dibutyltin
diacetate, dibutyltin dioctocate, lead naphthenate, zinc

caprylate, cobalt naphthenate, tetrabutyl titanate,



copol ynmer (EEA), ethyl ene-nethyl nethacryl ate copol yner (EMW), a
hydr ogenated bl ock copol yopr.ohtained by _hydeogenating—a—bl ock
copol ymer consisting essentially 25 of a polymer block conprising at

| east one vinyl - aromati ¢ conmpound as the principal nononmer unit and
a polynmer bl ock conprising at | east one conjugated die und as
t he princi paWo5118#r unit, e.g., WO 97/ 12936 PCtiopbob -
PCT/ JP96/ 02712 9 8 hydr ogenat ed
styrene-i soprene bl ock copol yner (SEPS) and hydr ogenat ed

styrene- but adi etealll stéaraymw) Wik steara(:SEBxSadmamd sitlea rakst, ubesituher eof .
Preferred of these Is EEA or EMVA The sil ano
condensati on cas&easéteaand calcium sxedant¢ etc. may be incorporated into
the carrier pol ynmer B of the present invention by kneading them

with the carrier polyner Be Rk dipihgr &higng)y sondensatione carrier
pol yner B should

f d _shoul d I
conpatible wt h©f E%lﬁgstepgﬁeoi??rd% d 15 aauhf % %{)(}’sysalgﬁ 5’?u?ﬁ3?%’é%’fo '
pol ymer B i § usgabb¥o.1s by WiGHN! Bagga 5T Rl tadWeEgne! BF! Ui NG

pel lets. Preferred i's formo

carrier pol yner pBljmérs. S(}fliéii‘lltm@ AGbAht 15 1emlmhnto orthbgher than that
of the carrier polyner A The carrier polymer B used in the
present weight, the crosslinking reaction does not proceed

sufficiently. When the amount is larger than 0.2% by
weight, local crosslinking proceeds in the extruder

10 at the time of extrusion, resulting in a greatly
deteriorated appearance of the product. The silanol
condensation catalyst should be incorporated into the
carrier polymer B. This is because if the catalyst is
incorporated into the carrier polymer A, oligomeriza-

15 tion by condensation of the silane is promoted to cause
deterioration of the appearance of products.

The antioxidant used in the present invention
may be those conventionally used in processing poly-
olefins and is not particularly limited, but it should

20 be incorporated into the carrier polymer B. This is
because if it is incorporated into the carrier polymer
A, crosslinking is inhibited owing to radical capture.
Also when other additives are added, those additives
which have the possibility of inhibiting crosslinking
25 should be incorporated into the carrier polymer B.

The carrier polymers are added in such

amounts that the sum of the amounts of the carrier

polymexs A and B is in the range of 3-15% by weight.



I nvention may be, for exanple, polyethylene, pol ypr opyl ene, copol yner

of ethylene and an [err]-olefin, wherein the [err]-olefin may be
Cerr]-Cerr] [err]-oleffins, e.g., 20 propyl ene, butene-1, pentene-1,
octene-1, 4-nethyl - pent ene-1, 4-nethyl hexene- 1,

4, 4- di et hyl -1, nonene-1, decene-1, undecene- beriipstagaae, and
&@3&’2@’9? her eof . "

t he m The sil anol condensati on

catal yst used in the 25 present inventligon may be such organonetallic
conpounds as dibutyltin dilaurate, stannous acetate, dibutyltin

di acetate, di bufheniit diodiesst &hanedl hvpweiahtat @ spffitcient capryl ate,
cobal t napht henate Ietafbutyl titﬁnat , WO 97/ 12936

PCT/ JP96/ 02712 9rafting does not take place. An gmount lagg@rcthafate, zinc

Stearate, cadm S Is .. St te._an alLgl arat e.
The anmount of t %%st}%ggn% %gg% ré'rl\gglt fng%\dma 5?:%:;}1961 ggsgh%oggég?dfd’t% S
0. 01-0. 2% by web&bkomid£118/ dilshdvantlg88nd, 1% by wei ght, based on the total

wei ght of pol ymers. When the anpbunt is |ess than 0.01% by ]
wei ght, theScrosslinki ng Assatheenaddétives, piHomedssary andfdesisd)y. Wen
the amount is larger than 0.2% by wei ght, | ocal crosslinking proceeds

in the extruderconyentignaldy nsed afdikives: ofer exempilengnewntralizeat|y
ing agents, ultraviolet absorbers, antistatic agents,
pigments, dispersants, thickeners, corrosion inhib-
itors, mildewproofing agents, flow regulators, other
10 inorganic fillers and other synthetic resins, may be
added.
The present invention is described below with

reference to Examples.

Preparation of carrier polymer A

15 According to the compounding ratio shown in
Table 1, first a carrier polymer A was poured into a
Super Mixer, mixed with stirring and preheated to 80°C.
Then a liquid mixture obtained by dissolving a free
radical generating agent in an unsaturated silane was

20 poured into the Super Mixer and, while stirring, the
carrier polymer A was impregnated with the liquid

mixture for 10 minutes.

Preparation of carrier polymer B
According to the compounding ratio shown in
25 Table 2, a carrier polymer B, silancl condensation

catalyst, antioxidant, etc. were kneaded by using a



deteriorated appearance of the product. The silanol condensati on

catalyst should he incorporated jnto the SO F Belf’mEl‘ ‘B, This is

because if the catalyst is i ncorporated into the carrier polynmer A
oligoneriza- 15 tion by condensation of the silane is pronbted to cause

deterioration of the appearance of products. Th

anti oxi dant wWe¥/2836t he present invention may be thosﬂ“ﬂﬁ%ﬁ onal ly
used in processing poly- olefins and is not particularly linted, but
it should 20 be incorporated into the Carrier polymer B. This is
because if it |préfs@FPdRIey BhA PEnGRaEL®! POl ymEr A :
crosslinking is inhibited owng to radi cal capture. Al so when ot her
additives are adduatetiwdcse wsdi ti ves whi ch have the possibility of
inhibiting crosslinking 25 should be incorporated into the carrier

pol ymer B. (1) EEA: ethydeparethylparyydate mapodymed (BAsuch

anounts that the sumof the ts o; the carrier polynmers A and B
is.in the range of 3%9%eRH %gggg weight WD 97/ 12936

Chan 3% by et ghf 2) SEERT | J¥gippoenated seyrone. sebbrons bIARE" |00 o% M
anount |arger than copol Eq%%?QénéeESﬁﬁéf@ my¥igydwelght$ at the sane
tinme econon1ca||y i sadvant ageous.
(3) L-LDPE: linear low density polyethylene
(density: 0.924 g/cm®, MI: 3.0 g/10 min)
(4) VIMOS: vinyltrimethoxysilane
10 (5) DCP: dicumyl peroxide
(6) LDPE: 1low density polyethylene (density:
0.925 g/cm®, MI: 1.5 g/10 min)
(7) PP: polypropylene (homopolymer, MI{(230°C):
2.0 g/10 min)
15 (8) DBTDL: Dibutyltin dilaurate
(9) Antioxidant: phenolic antioxidant/Irganox 1010
{mfd. by Ciba Geigy Corp.)
(10) Lubricant: low molecular weight polyethylene/
Sanwax 171P {(mfd. by Sanyo Chemical Industries,
20 Ltd.)
(11) MDPE: medium density polyethylene (density:
0.930 g/cm®, MI: 2.0 g/10 min)
-* Method of evaluation
(12) Silane impregnability:
25 Impregnability was examined by heating and
stirring the objective polymer with a VTMOS/DCP liquid

mixture in a Super Mixer.

© : well impregnable, x : not impregnable



5 As other additives, if necessary and desired,

conventionally used additives, for exanple, neutraliz- - i ng agents,
ultravi ol et absorbers, antistatic agents, pi gnents, dispersants,

t hi ckeners, corrosion inhib- itors, ml|dewproofing agents, flow
regul at ors, Qﬁﬁmnlo inorganic fillers and other synthepegsfRptaas, nmay
be added: The present invention is described bel ow
W th ref erence to Exanpl es. PrepdZati on of carrier polynmer A
15 According to the conpounding ratio shown in Table 1

first a carrier pol ynegr3)AERESVESHr £8P? ARPRATANC® Syper M xer, nmixed with
stirring and preheated to_80 erréC Fgg |, Lqui ] Xiyre obtained by
di ssolving a free r §i%§? §h§?§ﬁ?fﬂf {;ia'ﬁkgéhgﬁglzédéated si | ane
was 20 poured into the Rep oM fgg%. i §ti RrEng, the

cdarrier polynmer A was inp%ggna?gd ﬁ?%% t é“ﬁ?é%?&g 35 mxture for 10

m nut es. Preparattggeoaigarﬁiafhpmdwmﬁr159 gap 1 mm Accor di ng

to the conmpounding ratio shown in 25 Table 2, a carrier polyner B,
si | anol condensat§ on Evaduakyeh; Redulus cmrie, eehluatedeikngesed by
using a order of © > o > x, the level of © being
judged as acceptable.
(14) Gel fraction (%): xylene immersion method,
120°C, 20 hours
10 (15) Tensile strength (MPa) and elongation (%):
According to JIS K 6760
(16) Heat deformation (%): According to JIS K6723
A polyolefinic base polymer and the carrier
polymers A and B prepared above were blended in the
15 proportions shown in Tables 3 and 4, the blend was
extruded with an extruder into a tape and the tape was
immersed in warm water, to effect crosslinking. The

extruded tape was evaluated for its gel fraction,

tensile strength, elongation and heat distortion.
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pressure_kneader

and aranil ated

PCT/ JP96/ 02712

* htarialc ncad
!\'w: CTT T a3 o oo Cu

EEA: et hyl ene-et hyl acryl ate copol yner (EA content: 23% by
wei ght) 5 (2) SEPS:. hydrogenated styrene-isoprene bl ock
copol ynmer (styrene content: 30% by wei ght) (3) L-LDPE: I|ne | ow
density pol yeicsriiess (density: 0.924 g/cnferr], lﬁ 10 --
m n) (4) VIMOS: vinyltrinmethoxysil.gne 10 (5) DCP: dlcunyl
per oxi de (6) LDPE: |ow density polyethyl ene (density:
0.925 g/cnferr], M: 1.5 g/10 mn) Tab1é7i PP: pol ypropyl ene
(homopol yner, NI(230[err]C3 .0 g/10 mn) 15 (8) DBTDL:
D butyltin ¢ are FTOX 3 art
1010 g‘?ﬁftﬁlﬂw G ei gy &8rp \Aforf chbt: |1 W
mol ecul ar wgLEpgretisny hy| b (ofdl by Sanyo
Chem cal | nusﬁgg es, 20 95 Ltpido 3 ygadﬁ ugy densigsy
pol yet hyl end (den5|ty D. 930 é : 2.00g/10 mn)
* Met hod of levBER&t i on (82) il ane i iity:5 g5 5 5
| npr egnabi | ifty was exami ned by healing ar ring khe objectiv
pol ymer witi / DCP | ifqui d m per M xer.
VTMOS 45 40 2 45 45
DCp 2.16 |1.92 0.5 0.2 20
Silane
impregna- o o) X x o o o
bility
Table 2
- —  _——  — — — ———_——__
Compounding Bl B2 B3 B4
ingredient
LDPE 100 100 100
PP 100
DBTDL 5 5 0.5 25
Antioxidant 16 16 16 16
Lubricant 5 5 5 5




o : well inpregnable, x : not inpregnable WD 97/ 12936

PCT/ JP96/ 02712 12 (13)
Ext ruded tape appearance 50 nmmferr] extruder,
120- 150- 170- 180-170[err] C L/ D: 20, conpression ratio: 3.5
tape die: w m lip gap 1 mm 5 Eval uat i gRppoe841d S Were
eval uat ed in%‘ﬂ%ﬁg&; order of o > [err] > x, the level of o
bei ng j udged as acceptybl e. (14) Gel fraction
(9% : xylene i mrersion nethod, 120[err]C, 20 hours 10
(15) Tensile strength (MPa) and elongaﬂabhe(Bﬁ According to
JI'S K 6760
A pol yol efi r and r|er
pr epar ed abd e+t éiﬁhﬂ%@. Jrupafg?ﬂgé¥%f”gawﬁx§ it 3
and 4, the N 1 ;xtﬂuded i thi{anlextiruder | ntd aitafe dnd
the tape wa i frer sed}lin warimwatef, to ﬁffect Cr ossl ijnki ng.§ The
extruded t af gd for fts gel| fract}on, tengile
strength, el Heat di $tortian.
' LDPE 93.5 293.5 93.5
L-LDPE 93 93.5
MDPE 92.5 93.5
Al 5 5
A2 5.5 5.5
A5 5
Ab 5
A7 5
Bl 1.5 2 1.5 1.5
B2 1.5 1.6
B3 1.5
<Evaluation
item>
Extruded o o o x o x 0
tape
appearance
Gel fraction 75 74 76 5 10 BO 25
(%) -
Tensile 19 21 23 - 18 - 18
strength
(M Pa)
Elongation 450 500 470 - 490 - 460
(%)
Heat defor- 12 8 7 - - - -
mation (%)
Overall o o o X x X x
evaluation

Note: Symbol - means that determination was impossible.
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13 Tahle 1 (‘nmljm_mfli Ag- Al-—. A2
A3 A4 A5 A6 A7 ingredient EEA 95 100
95 95 95 95 SEPS 5 5 5 5
5 L-LDPE 100 VTMOS 45 40 40
100 2  wébmese45 DCP 2.16 1.92 1.92 PCTAP86/27R¢ 5
0.2 20 Si | ane i npregna- f%T o] X X o] o]
o bility able 2 Conpoundi ng
Bl B2 B3 B4 ' dj ent LDPE 100
100 100 PP el 100 DBTDL
5 5 0.5 25 Ant i oxi dant 16 16
: ‘ Comparative Example
5 6 7
. <Compounding
ingredient>
LDPE 97.5
d L-LDPE 93.5

MDPE 81.5

Al 1

A2 5 17

d Bl 1.5

B2 1.5

B4 1.5

<Evaluatioﬁ item>

Extruded tape x o x
appearance

Gel fraction (%) 78 20 82
Tensile strength - i8 -
(MPa)

Elongation (%) - 460 -

Heat deformation (%) - - -

ﬂ Overall evaluation X X %

Note: Symbol - means that determination was impossible.
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14 Table 3

Exanpl e Conpar ati ve Exanpl e 1 2

3 1 2 3 4 <Compoundi ng i ngredi ent > LDPE
93.5 93.5 93.5 L- LDPpcT/3P96/02712

93 WOo9TNE 93 5 NDPE 92. 5

93.5 Al 5 16 5

A2 5.5 5.5 A5

5 A6 As is apparent from Tables 3 and 4, pghe

E.S Bl mgfggial%' gown in Examgaes 1, 2 and 3 éhow goé% 5 B2

1.5 <Eva| Uaté:ﬂ:'l‘us;oht BBcessabiditifiGtha t dilent © 0 X
0o° tapeS gppear anéé;ei q&% ef?ﬁ% |1o‘?1n 75 74

76 5 desslin&Qng properdy, meéﬁaﬁichﬁ property and heat 21 23
- 18 strength (M Pa) El ongati on 450

500 4705 res:.stancéQO - 460 (% Heat def or- 12

8 7 - mation (% Overal | o]
o) o) X x In CORtraStr %he matexiigdsi ehown impte: Symbol -
L det%&ﬁk%%%kgve xamSngg;;g all poorly balanced among

extrusion processability, crosslinking property,

mechanical property and heat resistance.

10 Industrial Applicability
The process of the present invention is a
very useful silane crosslinking process which can
provide silane-crosslinked polyolefins excellent in
extrusion processability as well as in crosslinking

15 property, mechanical property and heat resistance.
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13 LabihR Sfleet Has Been Replaced

Conpar ati ve Exanpl e 5 6

7 <Conpoundi ng i ngredient> LDPNEUH 97.5
- LDPE - 93.5

Iél. 5 A WO 97/12936 1 A2 PCTAIP96/02712
5 17 Bl 17 1.5
B2 1.5 B4

1.5 <BEvaluation item> Extruded tapecrarms | THIS SHEET BEEN 0

X appearance Gel fraction (% 78 REPL ] B2
Tensil e strength - 18 ——[vFPa) Fl ongat i on
(9 - 460 - Heat deformation (%

Overall eval uatidn A process foryproducing a silane-crds Einkaarbol -

1 i patj an was .i rpossi bl e.
means that deterggf§ole in whicgpis characterized by melt-blending (i)

: polyolefinic base polymer, (ii) a carrier polymer A
5 containing an organic unsaturated silane represented by

the formula RR’SiY,, wherein R is a monovalent olefinic
unsaturated hydrocarbon group, Y is a hydrolyzable
organic group, and R’ is a monovalent hydrocarbon group
other than aliphatic unsaturated hydrocarbon groups or

10 is the same group as ¥, and a free radical generating
agent and containing substantially no water and (iii) a
carrier polymer B containing a silancl condensation
catalyst and an antioxidant, at a temperature higher
than the crystal melting point of the base polymer to

15 effect reaction, and then contacting the resulting
reaction product with water tc effect crosslinking.
2. The process for producing a silane-
crosslinked polyolefin according to claim 1 wherein the
base polymer is selected from the group consisting of

20 polyethylene, polypropylene, copolymer of ethylene and
an a-olefin, ethylene-ethyl acrylate copolymer (EEA),
ethylene-methyl methacrylate copolymer (EMMA),
ethylene-vinyl acetate copolymer (EVA), chlorinated
polyethylene (CPE), and the mixtures thereof.

25 3. The process for producing a silane-

crosslinked polyolefin according to claim 1 wherein the

carrier polymer A is selected from the group consisting

| O D
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16 As i s appare from Tables 3 and 4, the MHHHHIMHLS
shown in Exanples 1, 2 and 3 sHOMI§BHEET HAS BEEW f usi on pro

qui te excel |l ent crosslinKing pggp,_q(ctw mac hani cal property and heat
5 re5|stan§§) 9 T ORt-aSts el mat eri al s ginntedai2
Conparative éﬂﬂf&% are all poorly bal anced anDng extrusi on
processability, crosslinking property, 18 nechanical property and heat
resi st ance. 10 I ndustrial Applicahility The process of

the present mv@ﬁt‘r‘%‘?yjr%“%rethl’l W}aﬁgef’%W%Y‘!‘%e(E@AdssFFHﬂ-ﬂbe'process
ext rusi on pr occRSEEY} M PNACK ARl SopeTige LR, " TP Epnsfye
T;«Cham cal proloﬁi&é‘k%&ﬁ%ef %%ﬁtlﬁgaeb% Wrogenart&g SsS For produci ng a
si | ane- cr ossl i nkepo Dphe®| cirigl sMing) elsteibdd BLY 686 éeti;dbym@el biock
) 5 comprising at least one vinylaromatic compound as the
principal monomer unit and a polymer block comprising
at least one conjugated diene compound as the principal
monomer unit, and the mixtures thereof.
4, The process for producing a silane-

10 crosslinked polyolefin according to claim 1 wherein the
carrier polymer B is selected from the group consisting
of polyethylene, polypropylene, copolymer of ethylene
and an a~clefin, and the mixtures thereof.

5. The process for producing a silane-

15 crosslinked polyolefin according to claim 1 wherein the
total amount of the carrier polymer A and the carrier
polymer B is 3-15% by weight.

6. The process for producing a silane-
crosslinked polyolefin according to claim 1 wherein the

20 amount of the organic unsaturated silane added in the
carrier polymer A is 0.1-5% by weight based on the
total weight of the silane-crosslinked polyolefin.

7. The process for producing a silane-
crosslinked polyolefin according to claim 1 wherein the

25 amount of the free radical generating agent added in
the carrier polymer A is 0.01-0.5% by weight based on

the total weight of the silane-crosslinked polyolefin.

8. The prbcess for producing a silane-

T



bl ending (i) polyolefinic base p@h &ﬁr sel ected fromthe group consisting

of_polyethylene a copalyger t R dpferr}-olefin—an
s thereof., (ii) a carrier
A, an organic

et hyl ene-vinyl acetate copolyner a
pol ynmer conposition containing a c

unsaturated silane represented by the general fornmula RR Si Y2, wherein Ris
a nmonov Y@A1128%f i ni ¢ unsat urat ed hydrocarbon group, YPFEJIRP602712
hydr ol yzabl e organic group, and R is$qa nonoval ent hydrocarbon group
ot her than aliphatic unsat urat ed hydrocarbon groups or is the sane

group as Y, andcxdss@gnkadi félyolef i t¥cHding ?;‘Qee?%aﬁﬁldl GHY iR RYe

substantially no water, wherein the carrier pol ymer A does not react
with the organi amomast ofathe silantd, dondemsalieohocaralyst addgdaiml es, and
is selected fromthe group consisting of an ethylene-ethyl acrylate

copol yner ( EEA) thencagrmjesneolmmery B da 0adlylald bypesighdr beEeddpnand

m xtures thereof_, and erejn the amqunt of the_ organic unsaturated sil ane
is.0.1- 5% Wet§ t"%%é}érd Wn %%F&Psﬁéiw delyalefdns and the

anount of the free radi cal generating agent is 0.01-0.5% by wei ght
based on the total weight of polymers, and (iii) a carrier polyner
conposition containing a carrier polyner B, a silanol condensati on

catal yst and an anti-oxidant, wherein the carrier polyner B has a

hi gher softening point than the carrier polyner A and wherein the anmount of
t he silanol condensation catalyst is 0.01-0.2% by wei ght based on the
total weight of pol yners, in”ﬁyqﬂﬁ \y é' t the sum of the anount
of the two carrier polyner conpoghgr%gg ?F' and (iii) is in the
range of 3-15% by wei ght based od_the Pl hei ght of (i), (ii) and
(tii), at a tenperature higher than the crystal nelting point of the
base polyner to effect reaction, and then contacting the resulting reaction
product with water to effect crosslinking.

REPLACEMENT SHEET 18 The process
according to claim1l1, wherein the carrier polyner Bis selected fromthe
group consi sting of polyethylene, polypropylene, a copolyner of ethylene
and an a- olefin, and m xtures thereof.

A



