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DESCRI PTI ON PROCESS FOR PRODUCI NG FLAME- RETARDANT,

S| LANE- CROSSLI NKED POLYOLEFI N TECHNI CAL FI ELD 5 Thi s
i nvention relates to a silane- crosslinking process for producing a
fl ame-retar df 9724401 sil ane-crosslinked polyolefin in onepeig®ssizng a
carrier poF?#%r containing an organi c unsaturated silane or the

| i ke at a high concentration in the silane-crosslinking 10 of a

fl ame-retardant polyolefin containing a silanol- - condensi ng cat al yst
and a fl ane-retardant. BACKGROUNRsARTIPTION In order to
inpart a flane-retardancy to a pol yol efin conposition which has been
often used in coat- 15 ing wires, cables and the |ike; hoses; sheets;

I njection nmol di ngs; and the |ike, a hal ogen conpound and di anti nony
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PROCESS FOR PRODUCING FLAME-RETARDANT,
SILANE-CROSSLINKED POLYOLEFIN

TECHNICAL FIELD

This invention relates to a silane-

" crosslinking process for producing a flame-retardant,

silane-crosslinked polyolefin in one step using a carrier
polymer containing an organic unsaturated silane or the
like at a high concentration in the silane-crosslinking
of a flame-retardant polyolefin containing a silanol-

condensing catalyst and a flame-retardant.

BACKGROUND ART

In order to impart a flame-retardancy to a
polyolefin composition which has been often used in coat-
ing wires, cables and the like; hoses; sheets; injection
moldings; and the like, a halogen compound and diantimony
trioxide have heretofore bsen added to the polyolefin to
achieve the flame-retardancy. However, these composi-
tions are halogen-containing compositions, so that halo-
gen gases, which are not only harmful in themselves but
also the cause of metal corrosion, are generated when
they are burned. Therefore, these compositions have not
been desired. In addition, the amount of smoke generated
is large, the visibility becomes bad and the people have

been markedly brevented from taking refuge from a fire



trioxi de have heretofore been added to the polyolefin to achi eve the
fl ame-retardancy. However, these conposi - tions are -

hal ogen- cont ai ni ng conpositions, so that hal o- 20 gen gases, which are
not only harnful in thenselves but al so the cause of netal corrosion,

are generated when they are burned. Therefore, thes aTasofol Ik 1 ONS
have not WOTM#dn desired. In addition, the amunt of s%gﬁe ge%g%ated

is large, the visibility becones bad and ®2he peopl e have 25 been markedly
prevented fromtaking refuge froma fire WO 97/ 24401
PCT/ JP96/ 03734 2 and fromfighting a

fire. and from,fighting 8, fi88-om 5 safety aspect, it has
recently been strongly r%ﬂyhﬁggi&@ﬁ£r§L¥¥bﬂiah%%@ﬂ@?‘&éﬁbct, it @ishi ng gas
: att

be not generated. Under such circumstances, ention has been paid to
an inorganic fla@Rmtaiabdant stronglisiregud reddthatdsueh & halggenrdonki ch

generates very l1ttle funmes and is very little harnful
I'n' recent year ssaimimgsigascbepoet tgenepateidsi nfnder such circumstances,
5 attention has been paid to an inorganic flame-retardant
using a hydrated metal compound which generates very
little fumes and is very little harmful.

In recent years, 8 resin composite containing
magnesium hydroxide, aluminum hydroxide or the like has

10 been put to practical use for imparting flame-retardancy;
however, these flame-retardant resin compositions can
prevent the generation of halogen-éontaining gases but
have a problem in that there is caused a so-called drip
phenomenon that the resin compositions melt and drip dur-

15 ing the firing or in that the resin compos;tions are
inferior in shape-retainability at high temperatures.

In order to improve the flame-retardancy -and
also the heat resistance to solve the above problem,
there is a method of_crosslinking the resin, and this is

20 disclosed in, for example, JP-B-57-24373, JP-B-57-26620
and the like. However, the method described therein
requires a large scale crosslinking apparatus for chemi-
cal crosslinking, crosslinking with electron beams or the
like and hence the cost of the equipment per se and the

25 expenses for subsequent operation, maintenance, control
and the like of the apparatus are increased, resulting in
an increase of the cost of the composition. Furthermore,

as stated in JP-A-60-101129 and JP-A-60-147463, in the
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practical use for inparting flane-retardancy; however, these
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as stated in JP-A-60-101129 and JP- A-60-147463, in the
controlled has been able to be used for preventing prema-
ture crosslinking in blending and kneading the flame-
retardant with the silane-grafted polyolefin resin. As a
result, it has been impossible to increase the degree of
10 crosslinking of the silane-grafted polyolefin resin and
hence the heat resistance has been insufficient.

The above method requires at least two reac-
tion steps, namely, the silane-grafting reaction step and
the silanol-condensing reaction step. Accordingly, at

15 least two extrusion steps must be carried out and an
economical difficulty of the final product is unavoid-
abie.

Furthermore, the Monosil TM process method is
known as a one-step process. However, this method re-

20 quires a liquid-adding means for ihjecting an organic
unsaturated silane in the form of a liguid into an
extruder and has problems of slippage and metering fail-
ure. The extruder is also required to have a large L/D
and be of an expensive and special type for uniformly

25 dispersing a small amount of an additive, and hence, an
economical problem is unavoidable. 1In addition, a very
sophisticated technique is necessary for the extrusion

-and hence there have been no commercialized method for
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3 case of a flanme-retardant, crosslinked conposition char-
acterized in that a flane-retardant is added to a sil ane- grafted
pol yolefin resin and this silane-grafted poly- olefinresinis

finally crogsld , only the sil ane- 5 grafted pol yol e§} ’%ﬁﬁﬂ7 whose
crosslinkingiﬁggbﬁgen controll ed has been able to beﬁgge o?‘
preventing prema- ture crosslinking i4n bl endi ng and kneadi ng t he

fl ame- retardant with the silane-grafted polyolefin resin. As a

result, it has bé§¥ || . | ncrease the degree of 10 crosslinking
of the silane-gra é%q%b %ggé?iﬁg?%éin and hence the heat resistance

has been insufficient. In addition, Jpli3-alEyeeonaibBedoseslides at | east-
two reac- tion steps, nanmely, the silane-grafting reaction step and

t he sil anol - condwrsistepr pxocess, sé cpllatveonrdissdinking metliod daswhivh a
extrusi on steps nmust be carried out and an econom cal difficulty of
the final produciihanehagobgen introdyged into a solid carriew RAl¥M®Ere, t he
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probl ens of slippage and netering Il - ure. The extruder is also
requi red to havettie |sil@mel ARd the free-radical generator, an additive

such as a silanol-condensing catalyst, an antioxidant or
the like is also introduced into the solid carrier poly-

10 mer. Therefore, an oligomer is formed by condensation of
the silane or the crosslinking is inhibited by trapping
the radical, whereby such problems are caused that cross-
linking efficiency and storability are inferior. 1In said
Japanese publication, no flame-retardant type is men-

15 tioned.

This invention has solved these problems and
aims at providing a silane-crosslinking method comprising
silane-crosslinking a flame-retardant polyolefin contain-
ing a silanol-condensing catalyst and a flame~retardant,

20 wherein a flame-retardant, silane-~crosslinked polyolefin
is produced in one step using a carrier polymer contain-
ing an organic unsaturated silane or the like at a high

concentration.

DISCLOSURE OF THE INVENTION
25 This invention is a process for producing a
flame-retardant, silane-crosslinked polyolefin which

comprises melt-mixing (1) a flame-retardant polyolefin



and be of an expensive and special type for uniformy 25 dispersing a

smal | anmobunt of an additive, and hence, an econom cal problemis
unavoi dable. In addition, a very sophi sticated techni que is necessary
for the extrusion and hence there have been no comercialized net hod
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t ype. In addition, JP-A-3-16%229 discloses, as a

one-step process, a silane- crosslinking met hod in which a si | ane has

béen i ntroduced ingSngr £ th@EgP&}MﬁEﬁght o£OahoRENLE£id Homopel badr

uses a porous polyner or A as solid carrier polyner, and in this
met hod, in additi ofir tebpolymerhhiaviihgng dérikiyic off aotr mdre athagetegat or, an

addltlve such as a sil anol -condensi ng catal yst, an anti oxi dant or
the like is also |gKQMSdu5§dton2QOtnﬁrtﬁﬂbwdweéghte¢fpﬂﬂ%ﬂame'fgtané¢nt
Therefore, an oligoner is forned by condensation of he sil ane ordthe

crosslinking is inhiditedbpartsppynyeight qf,a Fé&?ﬁa?bsﬂﬂ%’r’%f%ﬁ?fh
probl ens are cagzeg 111 Smount of | 8K kit -coh8Bfi¥i ARG a2 Wiky are

inferior. In sal
{2) a substantially water-~free carrier polymer comprising

a free-radical generator.and an organic unsaturated
silane represented by the general formula RR'SiY, in
which R is a monovalent olefinically unsaturated hydro-
10 carbon group; Y is a hydrolyzable organic group; and R'
is a monovalent hydrocarbon group other than the
clefinically unsaturated hydrocarbon group or the same as
Y, at a higher temperature than the crystalline melting
point of the base polymer of the flame-retardant
15 polyolefin to subject them to reaction; subsequently,
contacting the reaction mixture with water to subject the
reaction mixture to crosslinking. Preferably, this
invention provides the above process for producing a
flame-retardant, silane-crosslinked polyolefin, charac-
20 terized in that the a-olefin homopolymer or copolymer is
a8 homopolymer of an a-olefin such as ethylene, propylene
or the like, or a crystalline, block or random copolymer
of an a-olefin with at least one other a-olefins, or a
copolymer of a major amount of an a-olefin with a minor
25 amount of at least one polar monomer selected from vinyl
acetate, maleic anhydride, acrylic acid and the like or a
mixture of them and has a density of not more than (.92

g/cm®; the carrier polymer is a polymer selected from the
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fl ame-retardant pol yol efin contain- i ng a silanol-condensi ng catal yst
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invention is a process fo
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density of not nore than 0.92 g/cnferr], 50 to 200 parts by weight of
a flanme-retardams ,block copolymer consisting of at least one polymer
5 block comprising mainly a vinyl aromatic compound and at
least one polymer block comprising mainly a conjugated
diene compound and a mixture of them; the amount of the
carrier polymer added is 1 to 5% by weight; the flame-~
retardant is a magnesium hydroxide or aluminum hydroxide
10 surface-treated with at least one silane-coupling agent,
a silicone derivative, a fatty acid or a metal salt of a
fatty acid; and the water-absorbing agent is quicklime
having an average particle size of 1 to 5 ym surface-
treated with at least one silane-coupling agent, a sili-
15 cone derivative, a fatty acid or a metal salt of a fatty
acid.
This invention is explained below in detail.
The a-olefin homopolymei or copolymer used in
this invention is a homopeclymer of an a-clefin such as
20 ethylene, propylene or the like; a crystalline, block or
random copolymer of an a-olefin with at least one other
a-olefin, for example, a crystalline propylene-ethylene
biock copolymer, an ethylene-butene~l random copolymer or
a propylene-butene-1 random copolymer; a copolymer of a
25 major amount of an a-olefin with a minor amount of at
least one polar monomer such as vinyl acetate, maleic
anhydride, acrylic acid or the like (including graft

copolymers); or a mixture thereof, and has a density of



0.5 to 10 parts by weight of a water-absorbing agent and

5 a catal ytic

anount of a sil anol -condensing catal yst with (2) a substantially
wat er-free carrier polynmer conprising a free-radi cal generator and an
or gani ¢ unsat ur at ed silane represented by the general formula

RR SiY[err] woemaser Which Ris a nonoval ent ol efinically upegimeeiasg
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thetxdarge rofl romadhoW itde 4500¢ \dnd repreésentied ey |thee or a
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from vinyl

general formula M,0,+XH,0 in which M is a metal, m and n

are integers of 1 or more determined by the valency of

10 the metal M and X is a numeral showing the crystal water

content, or a double salt containing said compound. Spe-

cific examples of said compound include aluminum hydrox-

ide (Al,0,+3H,0 or A1(OH),), magnesium hydroxide (MgO-H,0

or Mg(OH),), calcium hydroxide (CaO+H,0 or Ca(OH),), bari-

15 um hydroxide (BaO+H,0 or BaO+9H,0), zirconium oxide hy-

drate (ZrOsnH,0), tin oxide hydrate (SnO-H,0), basic
magnesium carbonate (3MgCO,+Mg(OH),*3H,0), hydrotalcite

{6Mg0O+A1,0,+H,0), dawsonite (Na,CO,+Al,0,+nH,0) and borax

(Na,0+B,0;+5H,0), and also include zinc borate, zinc meta-

20 Dborate, barium metaborate, zinc carbonate, calcium magne-~-

sium carbonate, calcium carbonate, barium carbonate,
molybdenum oxide, red phosphorus, triethyl _phosphate,

tricresyl phosphate, triphenyl phosphate, cresylphenyl

25

phosphate, octyldiphenyl phosphate, ethyl diethylenephos-
phate, butyl dihydroxypropylenephosphate, disodium ethyl-
enephosphate, ammonium polyphosphate, melamine phosphate,
guanidine phosphate and the like. These may be used

alone or in combination of two or more, and magnesium
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6 group consi sting of an ethyl ene-ethyl acrylate copol yner

(EEA), an et hyl ene-nethyl nethacryl ate copol yner (EMVA), a

hydr ogenat ed bl ock copol yner obtai ned by hydrogenating a bl ock

copol ymer cO¥M@PEMMg of at | east one pol yner 5 bl ock coMETIBMAMuinly a
vinyl aromatic conpound and at | east qpe pol ymer bl ock conprising

mai nly a conj ugat ed di ene conpound and a m xture of them the anount
of the carrier polyner added is 1 to 5% by weight; the flane-
retardant is a M%Mﬁ#&@iaﬂmamM%WﬁoPFﬁéerr@@

surface-treated with at one sil ane- a | i cone
derivative, a fatty acid ora'ﬁ‘é a&P?ﬁFFré n %re%%lfplyﬁf’ﬁ s 'ﬁ%a‘ﬁf
wat er - absor bi ng aggird® vﬂH!tP'?'i')”ﬁ silane *'@dﬂ;ﬂ&lr@“ ag¥Rtge: PRrd el %.c'iinée of

1to 5 [err]msurface- treated wth at 1east One silane- coup I ng
agent, a sili- déripwaeivieri(ddtivae, fatf;ataicyida,cud.vor aam8tabl s&xd tofofa a
fatty aci d. This invention is explained belowin
detail . 5§ fatty acid, or the like.

The silane-coupling agent (i) is one having,
at one end of the molecule, a reactive group (methoxy
group, ethoxy group, carboxyl group, cellosolve group Or
the like) which reacts with an inorganic material, and
10 generally, this has a trifunctional group in many cases;
however, those having a difunctional or monofunctional
group as the above reactive group may also be used. At
the other end, said silane-coupling agent has a reactive
group (vinyl group, epoxy group; methacryl group, amino
15 group, mercapto group or the like) which chemically bonds-
to the resin side which is an organic material, and the
skeleton of the main chain thereof is an alkoxyoligomer.
The silicone derivative (ii) is of such a type
that a part of the methyl group of dimethylpolysiloxane
20 has been replaced by various organic groups, and the
various modifying organic groubs include a wide variety
of modifying group derivatives, for example, modifying
groups for the purpose of improving compatibility, hydro-
philic property, lubricity, water-repellency and the like
25 such as a-methylstyrene group, a-olefin group, polyether
group, alcohol group, fluoroalkyl group and the like:;
modifying groups for the purpose of improving the reac-

tivity and moisture-absorptivity such as amino group,



The a-ol efin honopol yner or copol yner used in this invention is a
honmopol ynmer of an [err]-olefin such as 20 et hyl ene, propyl ene or the

| i ke; a crystalline, block or random copol yner of an a-olefin with at
| east one ot her a-olefin, for exanple, a crystalline

propyl ene- etygxlyeiea, bl ock copol ynmer, an et hyl ene- but erreTPecaTha m
copol ynmer or a propyl ene-butene-1 raﬂgonlcopolyner; a copol yner of a
25 maj or amount of an [err]-olefin with a nor anmount of at | east
one pol ar nmonomer such as vinyl acetate, maleic anhydride, acrylic

acid or the |ikeptirRahtdi 2fdpo roGPPOtaBy6)l group andt the Xilaieof,
and has a densit? of b gtodl 837?24432

PCT/ JP96/ 03734 modifying groups for the purpose of rgleasingnapd i®tefran

0.92 g/cnferr]. Wien the density exceeds 0.92 . %%&nkerr#, tng

conpati bility of ingewhighehastheem subgtikuted by a highgro FBEYY ASHY yner or
copol yner becones inferior and the flage-retanrdancy beconmes | ow. 5
The fiane-ret ar dSAFPRYRY Y75 (1Y q%\?@ﬂ'?ﬁ'bna’ﬁ‘getﬁg ﬂl%'conpound havi ng a

deconposi tion-gstarting tengﬁéaiégfyigbid (iiihhenéidss Gatur@Bedsandt o 450C
and represented by the

unsaturated fatty acids having 6 to 22 carbon atoms, and
specifically, stearic acid and oleic acid which have 18
carbon atoms are mentioned.

The metal salt (iv) of a fatty acid includes

10 metal soap in which the above-mentioned fatty acids are
bonded to metals, and specifically, sodium stearate,
potassium stearate, sodium oleate, potassium oleate and
the like are mentioned. Of course, the fatty acid may be
of linear chain saturated type or unsaturated type, and

15 +those in which the side chain portion is bonded to the
metal are, of course, effective.

When the flame-retardant surface-treated with
one of (i) to (iv) or a mixture thereof is blended in an
amount of 50 parts by weight to 200 parts by weight, it

20 is compatible with of reacts with é low crystallinity
polymer having a low density, and even when a large
amount thereof is blended, it is possible to easily form
a composition excellent in low-temperature characteris-
tics, flexibility and processability. However, when the

25 amount is less than 50 parts by weight, the flame-retard-
ing effect thereof is remarkably ipwered. When the
amount exceeds 200 parts by weight, the flame-retardancy

is remarkably increased, but the mechanical characteris-



general formula Merr]Qerr]XHerr]Oin which Mis a netal, mand n

are integers of 1 or nore determ ned by the val ency of 10 the netal M
and X is a nuneral showi ng the crystal water content, or a double
salt containing said conpound. Spe- cific exanpl es of said conpound

I ncl ud | um hydr ox- ide (Alferr](err]3Herr]O or A [err]),
Hg;ngs$u§1#659égkﬁg (MyOerr]Herr]O or Ng(CH)[err]nggﬁﬂﬁgg%
hydroxide (Ca(ferr]Herr]Oor Ca(OH)[err])io bari- 15 um hydroxide
(BagJerr]Herr]Oor BaJerr]9H err] O, zirconium oxi de hy- drate

' | d d S H O, basi
(e Tk W MR AR Qe Wi
(GNUCIerr]AI[erEHSEeéﬁbF@ﬁé[%ﬁ%%rr W%%@b%@grated and the processability

(Na[err]COerr]A [err]Jerr] O an or ax

(Na[err] ( err] Bbecohékeextrdheey [Hda. and al so include zinc borate, zinc
net a- 20 borate, barium netaborate, zinc carbonate, cal cium nagne-

si um carbonate, cal ci um cE@heowater-almtrixingaagentivsed in thisl yhoenum
oxi de, red phos trjethyl phosphate, tricresyl phosphate,

tri phenyl ph spﬁggé?iér% |(°31°1umpﬂ§§$9¢ﬁfﬂagﬂﬁﬁ}paiﬁﬂéq?4;ﬁ”dgphate,
G sodi um et hyl - o0 Oxide, Synfinl olie) meb Rk S D e
phosphat e, maghesi th /€1 aGRAN MyaraRdak Nealidifate N33 1 BBYgOE, Used
al one or in conbination of two or nore, and magnesi um
calcium sulfate anhydride or copper sulfate anhydride.
Quicklime is preferred, and those surface-treated with
10 the above (i) to (iv) components or a mixture thereof are
more preferable. This water-absorbing agent is added to
reduce the amount of water attached to the flame-retar-
dant polyolefin. This is because when water is attached
to the flame-retardant polyolefin, premature crosslinking
15 is caused in the silane-crosslinking step. The amount of
water causing this premature crosslinking is about 100
ppm or more, and in order to control the amount of water
attached to less than 100 ppm, the water-absorbing agent
- must be added in an amount of 0.5 to 10 parts by weight.
2C When the amount is less than 0.5 part by weight, the
amount of water attached becomes 100 ppm or more and
premature crosslinking is caused. Even if quicklime is
used in an amount of more than 10 parts by weight, the
effect of reducing the amount of.water attached is not
25 Increased and rather deterioration of mechanical charac-
teristics is caused in some cases. In order to make the
dispersibility in the flame-retardant polyolefin better

and obtain a more uniform effect of absorbing water
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8 hydr oxi de and al um num hydr oxi de are preferred.

The flame-retardant is preferably one surface- treated with (i) a
silane coupling agent, (ii) a silicone derivative, (iii) a fatty
acid, (iv) a It of a 5 fatty acid, or the |ike. IP96/0.

The silane-cogﬁi?ﬁﬁaggent (i) is one having, at one engcgf trﬁfﬁ

nol ecul e, a reactive group (methoxy grodp, et hoxy group, carboxyl
group, cellosolve group or the like) which reacts with an inorganic
material, and 10 QEAGLA | Y Whilbs DRSofhidd LAY RAGLnG! B Paddkaginy
cases; however 0S€ having a T Unctd oral or monof unct on

group as the above poeeidiee iQUBFMRYtd! $Quba digdsetbble. the other end,
said silane-coupling agent has a reactive group (vinyl group, epoxy
group; nethacryl group, an ndrhe Elapodupondensing capadygtonsedein i itd)s
whi ch chem cally bonds to the resin side which is an_organ

material, and the 3inventign dngiuges: AEOFRANE AT FHEP@BF#?ss%Hh(;s dibu-
KOOl 1GOTEr o ety dhienaty o BB Y o ot
i Forno oo LR, geRbizd] i fhlbace, sulS'didiincs,
cobalt naphthenate, tetrabutyl titanate, lead stearate,
zinc stearate, cadmium stearate, barium stearate, calcium
stearate and the like. The amount of the organometallic
10 compound added is 0.01 to 0.1% by weight, preferably 0.03
to 0.07% by weight, based on the total weight of the
flame-retardant, silane-crosslinked polyoclefin. When the
amount is less than 0.01% by weight, the crosslinking
reaction does not proceed sufficiently, and when the
15 amount is more than 0.1% by weight, crosslinking proceeds
locally in an extruder when the composition is extruded
and the appearance is extremely deteriorated. The sila-
nol-condensing catalyst must be incorporated into the
flame~retardant polyolefin. This is because when the
20 silanol-condensing catalyst is incorporated into the
carrier polymer impregnated with the organic unsaturated
silane or free-radical generator, the formation of an
oligomer due to the condensation of the silane is accel-
erated and the appearance is deteriorated.
25 ~ The organic unsaturated silane used in this
invention is grafted on a base resin for forming mutual

crosslinking sites of the base resins. The organic

unsaturated silane used in this invention is a compound



of nodi fying group derivatives, for exanple, nodifying groups for the

pur pose of inproving conpatibility, hydro- philic property,

| ubricity, water-repellency and the like 25 such as a-nethyl styrene
group, a-olefin group, polyether group, al cohol group, fluoroalkyl
group and the |ike; nodi fyi ng groups for the purpose of inproving the
reac- WO and noi st ure- absorptivity such as anin Fﬁwéﬁ§”4
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9 nmer capt o group, epoxy group, carboxyl group and t he Iike

modi fyi ng groups for the _purpose of releasing_and | ust g whi ch

has been subst iHeRrEFeRyed Ry FRe genarplyfpgmula mc%??za&ﬁawm aﬁwd‘-%n

d d the g The fatt |
Shturated and @ meRoyaieRt oletinicaltll GnkBtiefed Gnfdaddhrell HiSSD
and speciy isgakl )Syd:?é@f‘ﬁéﬁlé‘%:‘ba@ﬁ@ aﬁhﬁea&a OrivhiLhy h@v\sviﬁent

carbon atons are nentioned nmetal salt (iv) of a fatty
aci d incl udes hyﬂ&omathbnsgnpuprbtﬁuﬂﬂthhheoabﬁﬂﬁidﬁlny(nnsith&at¢da0|ds are

bonded to netals, and specifically, sodiumstearate,
5 hydrocarhon groups or is the same as Y.

It is preferable to use an organic unsaturated
silane represented by the general formula RSiY, which is
the case where R' is the same as Y, and there can be
used, for example, vinyltrimethoxysilane, vinyltriethoxy-

10 silane, vinyltributoxysilane, allyltrimethoxysilane,
allyltriethoxysilane and the like. The amount of the
organic unsaturated silane added is 0.1 to 2% by weight,
preferably 0.4 to 1% by weight, based on the total weight
of the flame-retardant, silane-~crosslinked polyoclefin.

15 uhen the amount is less than 0.1% by weight, a sufficient
grafting is not caused and when the amount is more than
2% by weight, molding failure is caused and the process
becomes ﬁneconomical.

The free-radical generator used in this inven-

20 tion serves as an initiator for silane-grafting reaction.
The free-radical generator used in this invention in-
cludes various organic peroxides and peresters having a
strong polymerization-initiating action, and there are
specifically mentioned, for example, dicumyl peroxide,

25 a,a'-bis(t-butylperoxydiisopropyl)benzene, di-t-butyl
peroxide, t-butylcumyl peroxide, dibenzoyl peroxide, 2,5-
dimethyl-z,5-bis(t-butylperoxy)hexané, t-butyl peroxypi-

valate, t-butyl peroxy-2-ethylhexanocate and the like.



pot assi um st earate, sodium ol eate, potassium ol eate and the like are

mentioned. O course, the fatty acid may be of linear chain saturated
type or unsaturated type, and 15 those in which the side chain portion is
bonded to the nmetal are, of course, effective. When
the flanme-retardant surface-treated with one of (i) fibdsloa s 2

m xt ure t heré@P72440%| ended in an amount of 50 parts g@“ﬁelgﬁ?“to 200
parts by weight, it 20 is conpatible with & reacts with a | ow
crystallinity pol ymer having a | ow density, and even when a | arge

amount thereof is ,RLendedqné tg tho§?'ég_l_1ea$]&aqa el rh oM addeté} C,-_g; 0.01 to

conposition excel | €nT 11 ow tenperature characfteris-

flexibility and precesIaPiddight, Hppe¥erabipa geo 02058By Nelight, edastlan
50 parts by weight, the flanme-retard- ing effect thereof is

remas kabl y | ower edon Vites tdiml weighiinofinthe xticswsregergants silangi-gressthe

fl ame-retardancy I s remarkably increased, but the nechanic%
characteri s- linked \yolyplep£ip; When the amount is less than 0.01% by

ECTPJP96/03734 5 weight, the silane-~grafting reacfygn does not proceed
sufficiently and when the amount is more than 0.1% by
weight, the extrusion-processability is deteriorated and
the mold surface becomes bad.
By swelling the carrier polymer used in this
10 invention with a liquid mixture in which the free-radical
generator is dissolved in the silane, the free-radical
generator and the silane can be incorporated into the
carrier polymer. At this time, for the incorporation at
a high concentration, it is necessary to preheat the
15 carrier polymer. However, the preheating must be ef-
fected at a temperature not higher than the crystalline
melting point so that the polymer is not melted. This is
because when the preheating is effected at a temperature
higher than the crystalline melting point, pellets are
20 melted aﬁd the workability is impeded thereby.

In éddition, the carrier polymer must be in
the form of particles and must be a solid compatible with
the flame-retardant polyolefin and the silane. The
compatibility referred to herein means that the carrier

25 polymer must not easily react with the silane and must be
dispersible or soluble in the flame-retardant polyolefin.
Suitable carrier polymers are non-moisture-absorbable.

That is, it is preferable that the absorption of water is



tics including flexibility, |lowtenperature characteris- tics and the

| i ke are deteriorated and the processability becones extrenely bad.
The wat er - absor bi ng agent used in this inven- 5 tion is quickline
(cal ci um oxi de), magnesi um oxi de, bari - um oxi de, al um num oxi de,

nagne5|un[err+alun1nun{err]OX|de
magnesi un] eNYQ &V nuni er r] hydr oxi de carbonate, silica gel PCTAPS6O3IBA| ci um

sul fate anhydride or copper sulfate anhydrigd % Quickline is
preferred, and those surface-treated with 0 the above (i) to (iv)
conponents or a mxture thereof are nore preferable. This

wat er - absor bi ng agg#ntivalad@QQWtén order ra g imigearbenpossihdaiidy @t ached
to the flane-retar- dant olefin. This is because when water is

at t ached t PTRATYTeRYRZP Yﬁ fit 3% | SRAGENSALIPRAH PR S8 i nifPng

15 is caused int Séésaene %hg%élﬂ:ggiy %c%) ﬁ{s:fgg%h%?&“ﬂe (r)éresent :.Watt?\r

causing this prena Cr’o NKI (g 1 nor €,

order to control éi@rféﬂmﬁalyﬁferwatﬁﬁe carriet tpmmrtﬁsé&sﬁntﬂﬁ@s 110;0 ppm

the water-absorbi ng agent . must be added in an anmount of 0.5 to 10
parts by wei ghs. vattidrenis lsualkbyninithed cfrrnt lofngPabupas tob\pellietst,, t he
anount of water attached becones 100 ppm or nore and pr emat ur e
crosslinking i s c3RARLLIBES are RLEERTTeR- | S used in an anount of nore

than 10 parts by weight, gy corGLEEL: Qhet S 19 LAZsPIRUNL e £n Va1 €1

includes, for example, ethylene-ethyl acrylate copolymer
(EEA), ethylene-methyl methacrylate copolymér (EMMA),

10 ethylene-vinyl acetate copolymer (EVA), ethylene-propyl-
ene copolymer (EPR), ethylene~propylene-diene copolymer
(EPDM), a hydrogenated block copolymer obtained by hydro-
genating a block copoliymer consisting of at least one
polymer block comprising mainly a vinyl aromatic compound

15 and at least one polymer block comprising mainly a conju-
gated diene compound such as hydrogenated styrene-iso-
prene block copolymer (SEPS), hydrogenated styrene-buta-
diene block copolymer (SEBS) or the like, and mixtures
thereof.

20 The amount of the carrier polymer added is 1
to 5% by weight based on the total weight of the £flame-
retardant, silane-crosslinkéd polyolefin. When the
amount is less than 1% by weight, no sufficient grafting
is caused, and when the amount is more than 5% by weight,

25 molding failure is caused and the process is not economi-
cal.

The flame-~retardant polyolefin may, if neces-

sary, have added thereto as other additives, conventional



25 increased and rather deterioration of nechanical charac- teristics

I's caused in sone cases. In order to make the dispersibility in the

fl ame-retardant polyolefin better and obtain a nore uniformeffect of
absor bi ng wat er WO 97/ 24401

PCT/ JP96/ 037 11

mater-absorbﬁéﬁ”gagﬁt havi ng an aver age particle sizgﬁéﬁﬁgaﬂg&g
[err]mis preferable. The 18i | anol - condensi ng cat al yst used
in this i nvention includes organonetal lic conpounds such as di bu-

S tyltin dilaurat tannous .acetate,. dibutyltin di e -
i butyl £in i oct BIRSELTER IR e Sriexigpny. AdedigRbCagent  yatna
naphthenate, tetgabyby! abddANM € antedtasiCatddrfe, pigment%'ﬂfsﬁéﬁéﬁﬁﬁf%
cadm um stearate, barium stearate, calcium stearate and the |ike.

The anount of theise@sityEinpddver, méRaloapteribradtden tiahfbtot p funkfi-by
wei ght, preferably 0.03 to 0.07% by wei ght, based on the total

wei ght of the  cide, f fiwkdity-smoddmrolling aagent cuel itheedipe) yamdfmay \Wien

t he ampunt_ i s | ess than 0.01@6b¥nmei ht, the crosslinking
reaction doesSnofUPFBRELPREAM QtbRr FYnLhetihsesins-

Incidentally, in this invention, the silanol-
condensing catalyst is added to the base polymer; how-
ever, in order to make the degree of dispersion of the
silanol-condensing catalyst better, there may be used a

10 carrier polymer other than the carrier polymer impregnat-
ed with the aboveQmentioned organic unsaturated silane
and free-radical initiator, for example, a previously
melt-mixed mixture of a polyolefin resin with a silanol-
condensing cataiyst. In this case, it follows that the

15 base polymer and two kinds of carrier polymers are intro-
duced into a molding machine such as an extruder or the

like in a suitable blending proportion.

BEST MODE FOR CARRYING OUT THE INVENTION

' Examples are shown below to explain this
20 invention in more detail.

<<Production of flame-retardant polyolefin>>

According to the compounding proportions shown

in Table 1, all the components shown in Table 1 were

mixed and kneaded at a temperature of 160-180°C using a
25 Banbury mixer to be pelletized.

<<Production of carrier polymer>>

According to the compounding proportions shown



15 amount is nore than 0.1% by wei ght, crosslinking proceeds | ocal | 'y

in an extruder when the conposition is extruded and t he appearance
is extrenely deteriorated. The sil a- nol - condensi ng cat al yst nust be
i ncorporated into the fl ame-retardant polyolefin. This is because

when t he 20 silanol-condensing catalyst is incorporated into the
carrier polWEePrR44pbr egnated with the organic unsaturated PCTIPINYne or

free-radical generator, the formation of apg ol i gomer due to the
condensation of the silane is accel- erated and the appearance is
déteriorated. 25 The organic unsaturated silane used in this

invention is grainciphe 2.bddrsstenfnatibr the waryient palymer was @miFeri nki ng
sites of the basg resins. The organic nsaturated. sil ane ed in
this invention i‘iu%e‘ioifﬂs}:c?uﬁd supe mixe’(/@%/sﬁ#ﬁfﬂ ana mi¥ed “aha ‘then

PCT/ JP96/ 03734 h 4 80°C b tiy, 14 1liguid GRAseat 84-by the
general fornula %{% SeiaYeer r ° i r? Whi c%]u Igeiqgen Y'a rer'%%/lal ent olefinically

unsat urat ed hydregeididbyddBolving & ffed-rudilcally iabteatdgain arghum+ and
R is a nonoval ent hydr ocarbon group other than olefinically

unsaturated 55 $sytitEdeilgneupesointzodineddntoas ¥uper mixer and
the carrier polymer was impregnated with the liquid mix-
ture with stirring in 10 minutes.



It is preferable to use an organic unsaturated silane represented by
the general formula RSi Y3 which is the case where R is the sane as Y,
and there can be used, for exanple, vinyltrinethoxysilane,
vinyltriethoxy- 10 silane, vinyltributoxysilane, allyltrimethoxysilane,
allyltrieth ne and the |ike. The anmount of the

unsat ur at ed&)sa?’I ladded is 0.1 to 2% by wei ght, prefg?awm to 1%
by wei ght, based on the total weight ofl he fl ane-retardant,

si | ane-crosslinked palyalefin 15 \When the ampunt is | ess than 0. 1% by
weight, a sufficienf o) o gragting,is gpty cguls«g.pl and when the anmount is
nore than 2% by zdi 8ht, %ol di ng fﬁ;lurg & caused and the process
beconmes uneconomni ca e freefradi dal generator used in
this inven- 20 ti bn deLves as an |n|t|ator for sifl ane-grafting reaction.
The free-radical ge'lez:c t& us@d in tmg. % n¢|<pn ifn- cl udes vari ous
organi ¢ peroxi des ahd geFest €f's havi ng©a strong
pol ymeri zation-initjatilng action, and Pnere ar e specifically
mentioned, for exanplg.| &i einyl perq;gi gea B Jerrfl.[err]’-bs
(t-butyl peroxydiisoprépgy®) Berfdene, di-ebutgl | per oxi de, t-butyl cunyl
per oxi de, di benzoyl | perjoxi de, 2, 5- o
di met hyl - 2, 5- bi s(t - put Jl per ox )hexane t-buty dpercxypi- val at e,
t-butyl peroxy-2-et hy& HeRad fe aif th& I‘Tk‘& :
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13 The anpbunt of the free-radical generator added is 0.01 to
0.1% by wei ght, preferably 0.02 to 0.05% by wei ght, based on the
total weight of the flame-retardant, silane-cross- | i nked
pol yol efin. Wen the amount is |ess than 0.01% by 5 weight, the
si.l ane- gr af twagmtae@act i on does. not proceed suf fi ci en®CHIBB3MRhen t he
anount is nore than 0.1% by wei ght, tje extrusion-processability is
deteriorated and the nol d surface becones bad. By
swelling the carrier polynmer used in this 10 invention wth a liquid
m xture in which the free-radical generator is dissolved in the
silane, the free-radi cal generator and the silane can be
incorporated into the carrier polyner. At this tine, for the
i ncorporation at a—R-ghi—e-enes tion, it is necessary to preheat
t he 15 carrier pol yner. However | the preheating nust be ef-
fected at a terrperatl.g\re pot hi gher thgn the crystalline mel ting
poi nt so that the pplyrnes i's nots welfted] This is because when the
preheating is effecred at a tenperatjure
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hi gher than the crystalline nmelting point, pellets are 20 nelted and
the workability is inpeded thereby. In addition, the
carrier polyner nust be in the formof particles and nust be a
solid conpatible with - the flanme-retardant polyolefin and the
silane. The conpatibility referred to herein neans carrier
25 pol ymer nY&?83#M casi|y react with the silane and nust b%M%"

di spersible or soluble in the flame-retardaa® pol yol efin. Sui t abl e
carrier polymers are non-noi sture-absorbabl e. That is, it is

preferable that the absorptjon of ter | . WO 97/ 24401 .
PCT/ JP96/ 03734 the' starting materials yged were pg g?ll’v%‘ﬁf sl ow

in order to nini {T"F]I‘i’ t?&ow:ssiéaiﬂglaaeoa-olempé we%/hu?wé,vswoﬁﬁd

condensati on of e silane. In any case, substantially no water

shoutd be present in the (nxduERetuped YIBE 'NIPHON OIL' COL, potymgr used in
this in- 5 vention is usually in the formof granules or pellets,
and pellets are preferred. density: 0.905 arrier polynmer used in

hi's Tnvention, ) | BChEES: dpiRiaTRl 1o fLILSHS S ka2l & Sano
{manufactured by Mitsui Petrochemical Co.,
Ltd.), density: 0.87 g/cm®

(3) Magnesium hydroxide: Kisuma 5B (manufactured by

Kyowa Kagaku K. K.), oleic acid-treated
10 product

(4) Quicklime (1): Average particle size: 3 um, stea-
ric acid-treated product

(5) Quicklime (2): Average particle size: 10 pm, stearic
acid treated product

15 (6) DBTDL: Dibutyltin dilaurate

(7) Antioxidant: Phenol type antioxidant/lIrganox 1010
{manufactured by Ciba Geigy)

(B) Lubricant: Low-molecular weight polyethyl-
ene/sunwax l171P(manufactured by Sanyo Kasei

20 Kogyo K.K.)

(%) EEA: Ethylene-ethyl acrylate copolymer (EA con-
tent: 23% by weight, crystalline melting
point: 93°%C) -

(10) SEPS: Hydrogenated styrene~isoprene block copolymer

25 {styrene content: 30% by weight, crystal-
line melting point: 135°C)

{(11) L-LDPE: Straight chain low-density polyethylene
(density: 0.924 g/cm®, MI: 3.0 g/10 min)



(EEA), ethyl ene-nethyl nethacryl ate copol yner (EMVA), 10 et hyl ene-vi nyl
acetate copol yner (EVA), ethyl ene-propyl - ene copol yner (EPR)

et hyl ene- propyl ene-di ene copol yner (EPDM), a hydrogenated bl ock

copol ymer obt ai ned by hydro- genating a bl ock copol yner consi sting of
at | east one pol ymer bl ock conprising mainly a vinyl aronmatic
conpound WDaneéont | east one pol yner bl ock conprising neRCU/IPIGNTBN] U-

gat ed di ene conpound such as hydrogenated ghyrene-iso- prene bl ock
copol ymer (SEPS), hydrogenated styrene-buta- di ene bl ock copol yner
(SEBS) or the like, and m xtures t her eof . 20 The anount
of the carrier polFheVTMRREted Viioyltrimethoxysbhdne wei ght based on the total

wei ght of the fl ane- retardant, silane-crosslinked polyolefin. Wen
t he amount (33} 1R  BiGuRYL pDeL@X4AR | no sufficient grafting is

caused, and when the anount..is nore than 59%.Dby. wei ght 25, ol ding failure -
i s caused and the process igpﬁuﬁ?aéES%%ﬁ¥-meghahs(ﬁggg as 811802 The

flane-retardant ppdyoddiddt 83 walthrN86€8chea (ppm)Sar Kariaysdided thereto
as other additives, conventional
5 method (150°C, 30 minutes)

(15) Silane impregnability: VTMOS/DCP liquid mixture was
heated with stirring in a super mixer and the
impregnation degree at that time was evalua-
ted.

10 o: Well impregnated, x: Impossible to impregnate

(16) Extruded tape appearance: 50 mm¢ extruder, 120~
150-170-180-170°C, L/D: 20, Compression
ratio: 3.5, Tape die: 100 mm in width, 1 mmt
in lip clearance

15 "Evaluation: o© > A > x and the 1eﬁe1 of o was deter-
mined as "pass”.

(17) O=xygen index: According to JIS K 7201

(18) Gel fraction (%): 120°C, 20 hours, xylene immer-
Sion method

20 (19) Tensile strength (MPa) and elongation (%):
According to JIS K 6760

(20) Hot set: According to IEC-540A
o: Pass, x: Failure
The flame-retardant polyolefin obtained and

25 the carrier polymer obtained were mixed in the ratio
shown in Tables 3 and 4 and the mixture was extruded
through an extruder and then immersed in a warm water to

subject the mixture to crosslinking treatment. The
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15 additives such as antioxidant, neutralizing agent, ultra-

vi ol et absorber, antistatic agent, pignment, dispersant, Vi scosity
inprover, netal deterioration inhibitor, fungi- ci de,
fluidity-controlling agent and the |ike, and may 5 furthe I3, ot her
synt hetic re§v%§¢““g . Incidentally, in this inve%?féﬁ%ﬁqéha

si |l anol - condensi ng catal yst is added 8b the base pol yner; how

ever, in order to nmake the degree of dispersion of the

si | anol - condensi nlges(:ﬁtail&vﬂsgﬁe%h%%, E%E?irv(’aasrra&ée%eazgsggﬁf?%éeoaqgealr rf'rgrc_pol ymer
I rpr t ed W

other.than t he carrrer . Wt ove-nenti oned
organi c UnSﬁthatﬁibﬁU'éﬂﬂéiLe sté&ﬂgiﬁf*biﬁﬁbd%ﬂod Bhiii RbE'get O MRYRIPI €, A

previously melt-m xed m xture O0f a polyolefin resin wth a silanol -
condénsi ng cat al yster | rthehiextraged tapé ordso\presisatl thebe lsulijpretedoltpner and
two kinds of carrier polyners are intro- duced into a nol ding nmachi ne
such as an extrudeyalbiation of oxygee imder.suitabl e bl ending proportion

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Exanpl es are shown
bel ow to explain this 20 invention in nore detail. <<Producti on of

fl ame-retardant pol yol efin>> According to the conpoundi ng

proportions shown



in Table 1, all the conmponents shown in Table 1 were m xed and kneaded
at a tenperature of 160-180C using a 25 Banbury m xer to be pelletized.

<<Production of carrier polyner>> According to the
conpoundi ng proportions shown WO 97/ 24401
PCT/ JP96/ 03734 16 in Table 2, first
of -al |, theWQ9¥34et pol yner was i ntro- duced into a sopaPIsHdBer and
stirred and m xed and then prehea&Fd to 80[err]C. Subsequently, a
liquid m xture ob-. tained by dissolving a free-radical initiator in
an’ un- 5 satufatedjsiTane was rntroguced Tto a saper mxerf anp
the carrier polyper wgs inpregnated with the |iquid m x- tufe pith
stirring in 10 n] @guteq. WO OB M40l , §&Q *{ x| §
PCT/ JP96/ 03734 oy 17 : N a
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[err] WO 97/ 24401

PCT/ JP96/ 03734 18 J[err] WO 97/ 24401
PCT/ JP96/ 03734 19 The
starting materials used were as foll ows: (1) D9052: Ethylene-a-olefin
copol ynmer/ Sof t | ex D9052 (manuf actured by N PPON O L
CQ., LTD.), wWo9724401 density: 0.905 g/cnferr] PCT(IP96/3134430:
Et hyl ene- a- ol efi n copol yner/ Taf ner P-048@3
(manuf actured by Mtsui Petrochem cal Co., Ltd.),
density: 0.87 g/cnferr] (3) Magnesium hydroxi de: Kisuma 5B
(manuf actured by Kyowa Kagaku K. K. ), oleic
acid-treated '
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10 pr oduct (4) Quicklinme (1): Average particle size: 3

.pm stea- ric acid-treated product (5) Quicklinme
(2): Average particle size: 10 pm stearic acid treated
pr oduct 15 (6) DBTDL: Dibutyltin dilaurate (7) Antioxidant:
Phenol type anti oxidant/Irganox 1010 (manuf act ured by
Ci ba Gei gy) wW09724418) Lubri cant: Low nol ecul ar wei ght pol y@CHyPI6/03734

ene/ Sunwax 171P(nmanufactured by Sanyo Kaseip, 20 Kogyo K. K.)
(9) EEA: Ethylene-ethyl acrylate copolynmer (EA con-

tent: 23% by weight, crystalline nelting poi nt :

93[err] O (10) SEPS: Ablyils ogbemt cirost fable- 8 sapd cFabls dck ipoEséyrer

25 (styrene content: 30% by wei ght, crystal-

l'ine melting poi Rtes135ferd] (phe extrusion pregpgsabglitiyywescgapd and

kf&*dghgi;ylgohyﬁ%gyggggslinking characteristict (Hiilatiical 2RardEELEELS]

tics, flame-retardancy and heat resistance were excel-
5 lent.
On the other hand, in all the Comparative
Examples, extrusion processability, crosslinking charac-
teristics, mechanical characteristics, flame-retardancy

and heat resistance and the like were unbalanced.

10 Industry Applicability
According to this invention, it is possible to
obtain a flame-retardant, silane~crosslinked polyolefin
excellent in extrusion processability, and also excellent
in crosslinking characteristics, mechanical characteris-

15 tics, flame-retardancy and heat resistance.



WD 97/ 24401 PCT/ JP96/ |
20 (12) VIMOS: Vinyl tri metffigersitane (13) DCP: mﬂﬂrml"“& LQ]
[ abt ac

The eval uati on net hods were as ' E%?% unt  ofs Wat eL

(ppm): Karl Fischer 5 o B8HC,(| 30 ni nut es) (15)
Silane inpregnability: VIMOS/ DCP = . ﬁS heat ed
Wit h stirringw 2448 her i xer and the T ?SBHEFPSHAdegree
at that tine was eval ua- 2ed. 10 o: Wl

i npregnated, x: Inpossible to inpregnate (16) Extruded tape
appearance: 50 mjerr] extruder, 120-

150- 170- 180- 170[ err] C, L/D: 20, ConpressiGAMS ratio: 3.5,
Tape die: 100 in width, |43 el e 15
Eval uat i on: onEhA > X andAg?gggiﬁﬁﬂfor PEOCHSing. % fl r%kﬁ@&éﬁG ned as

" pass”. (1§).19$dg@fb¢sfmiked%6@? 188 0 chasaﬁtézeﬁed by mélk&)qiﬁel
fraction (9% : 120[err]C, 20 hours ene i mer - si on

met hod 20 (19)iﬁgnslbeaE&Iamqyﬁetéwaahtapmlgdlnﬂ;ﬁ:bonpt&@ing 100 parts
Accordlng to JIS K 6760 (20) Hot set: According to | EC540A
0:" Pass, x: F&i| Q¥evweight of an a-olefin homopolymer or copolymer having
a density of not more than 0.92 g/cm®, 50 to 200 parts by
weight of a flame-retardant, 0.5 to 10 parts by weight of
a water-absorbing agent and a catalytic amount of a sila-
nol-condensing catalyst with (2) a substantiaily water-
10 free carrier polymer comprising a free-radical generator
and an organic unsaturated silane represented by the
general formula RR'SiY, in which R is a monovalent,
olefinically unsaturated hydrocarbon group, Y is a hydro-
lyzable organic group and R' is a monovalent hydrocarbon
15 group other than olefinically unsaturated hydrocarbon
groups or the same as Y, at a highér temperature than the
crystalline melting point of the base polymer of the
flame-retardant polyolefin to subject them to reaction,
and then contacting the reaction mixture with water to
20 subject the reaction mixture to crosslinking.
2. The process for producing a flame-retardant,
silane-crosslinked polyolefin according to Claim 1, char-~
acterized in that the a-olefin homopolymer or copolymer
is a homopolymer of an a-olefin selected from the group
25 consisting of ethylene and propylene, a crystalline,
block or random copolymer of an a-olefin with at least
one other a-olefin, a copolymer of an a-olefin with at

least one polar monomer selected from the group consist-

ThlS Sheet Has Been Replaced




ot ai ned wer e mixed In Lhe ratia - shown | ﬁSTLB?eiaérlglﬂlllﬂmlﬁ A1

m xture was extruded t hr gugh then i mersed i a’wat m
water to subj ect the m xfure tﬁéﬁ%&éé% E treatment. The

WO 97/ 2440 PCT/ JP9

21 régvPP*ﬁﬁ extruded tape was used to evaluate gel§¢£ég§%hﬂ“ tion,
tensile strength, elongation and hot seR6 Nbre- over, the extruded
tape was pressed to be subjected to eval uati on of oxygen index.

WO 97/ 24401

PCT/JP96/0373ﬁng of vinyl acetate, mg&g*c qﬁhydride and acrylic acid,
or a mixture thereof and has a density of not more than
0.92 g/cm3.

3. The process for producing a flame-retardant,

5 silane-crosslinked polyolefin according to Claim 1, char-
acterized in that the carrier polymer is selected from
the group consisting of an ethylene-ethyl acrylate co-
polymer (EEA), an ethylene-methyl methacrylate copolymer
(EMMA), a hydrogenated block copolymer obtained by hydro-

10 genating a block copolymer comprising at least one poly-
mer block comprising mainly a vinyl aromatic compound and
at least one polymer block comprising mainly a conjugated
diene compound, and mixtures of themn.

4. The process for producing a flame-retardant,

15 silane-crosslinked polyolefin according to Claim 1, char-
acterized in that the amount of the carrier polymer added
is 1 to 5% by weight based on the total weight of the
flame~retardant, silane-crosslinked polyolefin.

5. The process for producing a flame-retardant,

20 silane-crosslinked polyolefin according to Claim 1, char-
acterized in that the flame-retardant is one surface-
treated with at least one silane-coupling agent, a sili-
cone derivative, a fatty acid or a metal of a fatty acid.
6. The process for producing a flame-retardant,

25 silane-crosslinked polyolefin according to Claim 1, char-
acterized in that the flame-retardant is at least one
member selected from the group consisting of magnesium

hydroxide and aluminum hydroxide.

* 'This Sheet Has Been Replaced .

ERHRLWA




PCT/ 3P96/ 03734 23 err] vo o7 2| HHI I ERRL A
24 * ¢ L A5 jss ¢+

PCT/ JP96/ 03734

clear fromTable 3 and Table 4, in Exam ples 1 to 4, the extrusion
processabi | i tywowassap00d and t he crosslinking charact epcgiipssiarsa
mechani cal characteri s- tics, flane-retardancy and heat resistance
wer e excel - 5 lent. On 2@e other hand, in all the
Conpar ative Exanpl es, extrusion processability, crosslinking charac-
teristics, mechapical chargfl icddsss eol! prbageing dAabme retadatnbical

resi stance and the |i ke were unbal anced 10 I'ndustry Appllcablllty

According to thlsilanenétdﬁsliﬁkedspbmyeléffntahcording to Claim 1, char-
= acterized in that the water-absorbing agent is one sur-
face-treated with at least one silane~coupling agent, a
5 silicone derivative, a fatty acid or a metal salt of a
fatty acid. |
8. The process for producing a flame-retardant,
silane~crosslinked polyolefin according to Claim 1, char-
acterized in that the average particle size of the water- .
10 absorbing agent is 1 to 5 um.
g. The process for producing a flame-retardant,
silane-crosslinked polyolefin according to Claim 1, char-.

acterized in that the water-absorbing agent is quicklime.



-cjbtai n a flanme-retardant, sil ane
“#xtrusion processability, and al }sﬂ'lmﬁ ' ﬁ l_ljﬂ)
ecl St M

i h crosslinking:
s, .flame-retardahcy and

|[ol efin .exeeftent in

tharacteri stics, nmechanical charae

heat resi ce. PCT/ JP96/ 03734 |
‘Decenber gmgMWAW LIMTED et al . OBFemEFddite:

41-28 CLAI V5 1. A process for

pr oduci né)"‘ék?ff'aa"ne:“-4rl'e2§'ardant, si | ane-crosslinked pol yol efin, characterized

by nelt-m xing (1) a flanme-retardant polyolefin conprising 100 parts

by weight of an [err]-olefin Mm ymer or copol ymer having a
density of not nore that 0.92 g/cni o] 200 parts by
wei ght of a flane-retardant, 0.5 to 10 parts by weight of a water-

‘absor bi ng agent having the average particle size of 1 to 5 [err]mand a

() "2 sutbet anth Broe5es 7 Ouci £ 0o A0 as RIERANAEN Hobbler Wlracipiond

: generat or and by melt-mixing an organi c unsaturated silane represented by the

.base polyner of the flanme-re

general formula RR SiY[err] in which R is a nonoval ent,

ol efinical ly Whsat fams polyolstin cpmprisingY19Q; parthyhyr sveightidfean a-olefin
o of 1 nt ol Iy - omopomr, 8P CRPSIVEE MYLIES PTA 45 hst Seors 0L B S0g0 o
a hi gher tenper abhgnatady Jvélght of a flame-retafda€ (034 o 110 ﬁﬂstﬂynﬂgig%{?f aq;/atﬁxhren

ardant polyolefinto | ect the

' to reaction, and absorbingmgeuntchiving thecavesaget pasticlei sizeuof 1viot 5 umtand 4 catalytic

i subject the reaction mxture to crosslinking, wherein the carrier
[pol yner is sel ect3@@upt st“kﬁ'édfﬁc’ﬂ s@&ﬁgﬁa&"ﬁ%ﬁhof an et hyl ene- et hyl

acrylate conoog rsuﬁﬁﬁﬁ}allz%t&tﬁ‘é@ wﬁemﬁgdeﬁﬁmr&%rmmlg to('k'*:a!}m)’

a hydr ogenat ed bl ock copol yner o _ ogenating-a ocC
copol ymer @n wpganid ungataratédsilane capeespated by thehgenetal formplai RR'$§Y 2rin whicha

vinyl aromatic ¢ ound . | east © ol r bl ock .conprisin
iy ton Goa TR X mannyalet el yipaniratel RyRRrAPoR SLD, Bk THglZatl

organic group and R’ is a monovalent hydrocarbon group other than olefinically
unsaturated hydrocarbon groups or the same as Y, at a higher temperature than the
crystalline melting point of the base polymer of the flame-retardant polyolefin to
subject them to reaction, and then contacting the reaction mixture with water to
subject the reaction mixture to crosslinking,

wherein fhe carrier polymer is selected from the group consisting of an ethylene-ethyl
acrylate copolymer (EEA), an ethylene-methyl methacrylate copolymer (EMMA), a
hydrogenated block copolymer obtained by hydrogenating a block copolymer
comprising at least one polymer block comprising mainly a vinyl aromatic compound
and at least one polymer block comprising mainly a conjugated diene compound, and
mixtures of them, and =~

wherein the amount of the silanol-condensing catalyst, the carrier polymer, the organic
unsaturated silane, and the ﬁ'ee-radical_generatoi' added are 0.01 to 0.1% by weight, 1
to 5% by weight, 0.1 to 2% by weight and 0.01 to 0.1% by weight each based on the
total weight of the flame-retardant, silane-crosslinked polyolefin respectively.

AMENDED SHEET



o salt of .

wherein the amount of the silanol - condensi ngj rfiér”polymer,
#he organic unsaturated silane,. and thHImﬁg"FHAqumgneiatbr added
are 0.01 to 0.1% by weight, 1 to 5% by welghty O 1sto+*2% by:wei ght
and 0.01 to 0.1% by wei ght each based on the total weight of the

fl ame-retardant, silane-crosslinked polyolefin respectively.

2 2. 2. TheTheproeess foroproducings flameaethtdant silaneeorosslinkedgidlynbefincacosrslinigntoe d
pol yol efin ac haracteri zed i hat t he

di t e g |.ai . t
Do ol el B o o SRS B rcmic B bogplymer

[err]-olefin s te o] g PAGORAST St ropvl ene,
a cr ys&aﬁioﬁgl,e I gg e@%g frrgr#dgl% g’?)’%él é/ér)r‘gil"’%cﬁ %gnhéd[“gaﬁ a’qué’??wi%e’t ﬁ at
| east one ot hQ{r?':{tﬂliﬁe], bRIcRlor Pandem copolymer SPRPLYSIEHN With 8flehst 0hé oftlef bl dlefit, "
at | east one polar nononer selected fromthe group consi sting of

vi nyl acet at e,copelyeiec ofimhyatolefia avish atdeast ione polad manonter seletted dron eliee gfoupnd

has a density of not r.e.that 0.92 g/ err]. . ..The process for

produci ng a f|SORSISHNG &rp‘ﬂ%)ﬂta,ce@?ei H\Qé‘%?%éﬁwcﬁﬁ‘bﬂr @ Tiyse dhereofiand

claim1l, char %ﬁrdeﬁﬁi}dfrﬁo{ﬁﬂeﬁxﬁeoﬁ# 3retardant is one surface-treated
e SI

with at |east on ane-coupl ¥ng agent, a silicone derivative, a
fatty acid or a netal of a fatty acid. 4, The process for producing a

flame-retardant, silane-crosslinked polyol efin accordi na to claiml,
char act er¥- zed The Rragess forpredugiag 3 Heme-detardants silanetcgosslinked pofyolfiaraceending: tod

from t he..qr | St | ' '

nydroxi de. s - HRurBBRTh ks e SERANERI R ot A Pl o ikt one

si | ane-crossl isﬂk@:dltgﬁug)h@‘nt,ramwﬁe derivative) a fatty acid 6f 8imetal of & Batyaeider i zed in
that the water-absorbing agent is one surface-treated with at | east

one sil ane-coupling agent, a silicone derivative, a fatty acid or a netal
fatty _acid The rociﬁl%s for, prqdu
8 _

. 6. ' .
flane-r e?‘ar daﬁl_fh,e pees g"-’(ﬂ’ﬁé‘éﬂ“?&%@ﬂ“ﬁ‘&’tw ( _ PPBJ°P°%“%°°°"@“&"B1 1,
characteri zed digim'f) thatabigrifd B thA RO BB FeraRaRE is'at 1644 64 mMfber selected from

the group consisting of magnesium hydroxide and aluminum hydroxide.

5. The process for producing a flame-retardant, silane-crosslinked polyolefin according to
claim 1, characterized in that the water-absorbing agent is one surface-treated with at
least one silane-coupling agent, a silicone derivative, a fatty acid or a metal salt of a
fatty acid. '

6. The process for producing a flame-retardant, silane-crosslinked polyolefin according to
claim 1, characterized in that the water-absorbing agent is quicklime.

© AMENDED SHEET -
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(54) Tifle: PROCESS FOR PRODUCING FLAME-RETARDANT, SILANE-CROSSLINKED POLYOLEFIN

(57) Abstract

A process for producing a flame-retardant, silane-crosslinked polyolefin, characterized by melt-mixing a flame-retardant polyolefin
consisting of an ar-olefin polymer, a flame-retardant, a water-absorbing agent and a silanol-condensing catalyst with a substantially water-free
carrier polymer comprising an organic unsaturated silane and a free-radical generator at a higher temperature than the crystalline melting
point of the base polymer of the flame-retardant polyolefin to subject them to reaction and then contacting the reaction mixture with water

to subject the reaction mixture to crosslinking.




