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15 crosslinking with peroxides and/or sulphur requires
pressurised curing chambers at high temperatures. The
high temperatures required for cure severely limit line
speeds, and have high energy costs plus high scrap rates
at start-up due to inability to observe the product
20 until it has emerged from the long curing chamber.
There has therefore been considerable interest
in the past decade and a half in a low capital cost
chemical crosslinking tech@lque that does not require a
pressurised and heated chamber and hence enables the
. 25 extrusion quality to be observed as easily and quickly
Nt : as that of a thebmoplastic product; it is bdbased on a
two-step chemical reaction in which a hydrdlysable
unsaturated silane is first grafted to a base polymer
(usually a ho@opolyner or copolymer'of ethj1ene) and
30 subsequently crosslinking is bdbrought ibout by catalysed
condensation reaction between pgirs of silane groups.
This 'Sioplas’' proéess was first introduced by Dow
Corning Limited (formerly Hialand Silicones Limited) as
a 2-stage process using separate.machines for the
35  grafting and extrusion steps (U.K. Patent No. 1286460)
but was subsequently improved by the applicants in
conjunction with étabs._Maillerer S A (U.K. Patent No.
1526398) to operate as a single-stage process with



a 2-stage process using separate nnchlnes for the 35 grafting and
extrusion steps (U K PatentQ 1286460) but was subsequent!ly i nproved by
the applicants in conjunction th Etabs. NMaillefer S A (U K Patent No.\: ,
1526398) to operate as a single-stage procgss With -2- grafting in the
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expected because of the risk of the_filler evolving

15 water at grafting temperature) and partially through the
production_of a_porous product that'was wholly
unacCeptable for electrical applications,”and experts
have drawn the conclusion that water-evolVing fillers
are incompatible with one- stage Sioplas chemistry (see,

20 e.g. Mod. Plastics Int., December 1984 pp 38- 40)

' We have now discovered that this conclusion of the
prior art is unjustified and that satisfactory results
can_be obtained simply by making an unconventional
choice of initiator for the crosslinking reaction.

25 In accordance with the invention, a halogen—-free
crosslinkable polymer compOSition for extrusion -;;
comprises:

~at least one flame retardant filler of the class
that evolve substantial amounts ‘of bound water on
30 ~heating at temperatures above a value Tq which value
 lies in the range 120- 250°C;
' a compatible ethylene polymer base in which the
filler is dispersed.
the ratio of filler to polymer being in the range
35 from 3: 1 to 1:2 by weight,
| a hydrolysable unsaturated silane'
and a free-radical grafting initiator having a
‘half-life of less than 10 minutes at a temperature 25°C



conprises: at |east one flane-retardant fil I@:{t he cl ass that evol ve
substantial amounts of bound water on 30 heattng”at tenperatures above a
val ug«Td which value lies in the rdnge [errd a conpatible ethyl ene pol yner
base in which.the_ filler is dispersed; the ratio of filler to_polynmer being
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Fillers coated (@ianhance eamoachi | iand widdndicunpoh ydresxbde pmehémuad,
Tg=250°C.) Gypsum is the least satisfactory of the
three as theré are practical difficulties with most
iﬁg "polymers if T4 1s below 150°C, and magnesidm hydroxide
15 is much preferred as its higher Ty value not only
gives a much wider choice of initiators but also allows
a higher extrusion rate because of the higher
pérmissible proéessing temperature, Fillers coated to
enhance compatibility with ;he polymer'are preferred,
20 suitable coating materials including oleates and other
fatty acid soaps, silanes, titanates, siloxanes, and
carboxylated butadiene polymers (for example those
described in British Patent No. 1603300) and_other
low#molecular weight polymers and oligomers containing
25 carboxyl groups. Particﬁlarly suitable magnesium
hydroxide fillers are commercially available frdm Kyowa
Chemical. Industry Cbmpény Limited (Japan) under the
trade mark 'Kisuma'., If more than one water-evolving
filler is present, the relevant Ta will, of course, be
30 the lower or lowest. '
| The polymer may be any of the wellenown types
that is capable of accepting the quantity of filler
needed to meet flame retardance requirements without
unacceptable loss of physical and/or electrical
35 properties; ethylene-vinyl acetate copolymers (EVA)
(containing from about 5 to about 70_mole %2 of vinyl
acetate) are most preferred, but ethylene/ethyl
acrylate, ethylene/methyl acrylate, ethylene butyl
acrylate and rubbery and non-rubbery ethylene/propylene
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(VTMOS) . but any of the silanes used in conventional
Sloplas processes can be used. A list is included in
the specification of U.K. Patent No. 1286460 Amounts
requlred are broadly as for the conventlonal process,
based upon the active polymer content of the mixture.
The grafting initiator will normally be perexide,
examples of suitable commercially avallable peroxides
belng as follows: _
(a) for gypsum, alumina trihydrate and magnesium
hydroxide | o
Tertiary butyl_gg; pivalate
‘Tertiary amyl per pivalate
Di(3,5,5 trimethyl hexanoyl) peroxide
Bis (2 methyl benzoyl) peroxide
Di normal octanoyl peroxide
Di - decanoyl peroxide
Dilauroyl peroxide
(b) for both alumina trihydrate and magnesium hydroxide
(but not for gypsum) :
Tertiary butyl per 2-ethyl hexanoate (TBPEH)
Tertiary butyl per isobutyrate '
Tertiary butyl peroxy diethyl acetate
Dibenzoyl peroxide
1,1 Di-tertiary butyl peroxy - 3,3,5-trimethyl
cyclohexane '
Tertiary butyl peroxy 3.5,5, trimethyl hexanoate

and
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o
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T;he moNO 8¢843%4si | ane i s vi nyl tr : nmet hoxy # gagvgg/oﬁ)sed%u; ?Ingt o:‘ St he
' used ‘i n conventi onal Siopl as proce
?LL?EEZd in 15 the specification of U K Parent No. 1286460. Anounts

required are broadly as for the convent;onal Erpfezforbaffﬁ ﬁgﬁgﬁfrs ggtlve
r content of the m xture. The grafting bnrti s
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5, trinet héxan
gg;?é%Bg/gOOGB -5triBydrate bot gypsemgxy i sopropyl carbonate Tertiary butyl

peracetate TertiapyehmyY! perbRgggoate
' 10 2,5~Dimethyl 2,5-di (tertiarz butylperoxy) hexane
1,4-D1 (tertiarx butylperoxy iso propyl) benzene
Tertiarx butyl cumyl peroxide
- D1~ tertiarz butyl peroxide
Quantities of grafting initiator ¢an be
15 determined by trial in the ~usual way.
| Dibutyl tin dilaurate (DBTDL) (at a level of the
order of 0.01%) is the only silanol condensation
catalyst in regular use for Sioplas erosslinking and is
preferred; many alternatives are listed in the
20 Specification of U.K. Patent No. 1286460, _
The compositions may also include conventional
Sioplas-compatible antioxidants and other stabilisers,
processing aids, ludricants, pigments and usually minor
amounts of other fillers such as magnesium’ carbonate,
25 calcium carbonate, double carbonates of magnesium and
L calcium (such as dolomite), antimony trioxide, antimony
pentoxide and zinc borate.
Preferabdbly the polymer and filler are
pre-blended and dried prior to the addition or the other
301 ingredients.
In the rollowing examples, all parts are by
‘welght unless otheraise indicated.

Examgle 1-
- 49.7 Parts of the ethylene~vinyl acetate.
35 copolymer (28 weight % vinyl acetate) sold under the

trademark Evatane and the grade designation 28-05 was
melted and homogenised on a two roll mill at 80-90°C and
blended on the mill with 49.8 parts of the magnesium



per 0>W§ thﬁé#e

(c) for magnesi um hydr ox

ary butyI per oxy) cycl ohexane 5 2,2 Bisp BaGo0063UL VI .

but not for alumna trihydrate or gypsum: \

Nor mal %§E;%4 4 bis (tertlary butyl peroxy) valerate and
[

D cunyl peroxide 10 2,5“Dinethyl 2,5-di (tertiary butyl peroxy) hexane
1,4-D (tertiary butyl peroxy iso. propyl) b&nzene Tertiary butyl cunyl
perOX|de Ex-temydﬁdkﬂnﬁ)ﬁirmﬁﬂxsdEuCuﬂmétttﬁs QFaIEQEPknﬂibﬂhkl%BQrt%%n be

15 d d I dil t mﬂu_
(at a lovel o &ttt ed'tt OfogB; T el denr) bY; Pandt Sabhagneseronns
catal yst in regfl grheusd fdrdeSi opl bed candsél akned andUiLK.pr eheened; nany

alternatives ang lyisStgfs 4 érh? ?205 ;7 §Céf' ERb! z?BxPugptpsk‘th u'r\xl(Ae{'I b

1286460. The conp05|t|ons

ude conven I ona as corrpa

anti oxi dafts artdeotHiéd efamny I‘T]s%‘i%“ p?%c%’s%?h@l aPelétiMBPkcant s, pigment
and usual 'y minor anthﬁecﬁléﬁ&MWailééﬁée ﬁ&phaeslaasaes5UHbﬁasteate

cal ci um car bon

dol omite),

Preferably thedpmwgnatnnniunydsstenb.prhebtwndedraad dakedmpki @erieo the

ant

|-cium (such as

B, SRS 4 L K5 0. RO, FbE BRIOR: haohir hnger the

addition of th er, ' nt f appl es. .al
par!tsI are by ng %Le{& l?nl%g aroétﬂerwdsi I?\d‘l‘%a?gp&Egétheagd é gpPgﬂ‘gsof
ethyleneJﬂlnyIDé@@@aﬁ@diiﬁe B ot e s (vt medeht 18 8i A8EmagePat e) sol d

under the tradqw&f-aﬁwyaramémeuw@d@ si&swnaflaam?ﬁaQS

honogeni sed on a . two rall

[err] and bl ended on

m || .
" parts of the nﬁﬁﬁéﬁliﬂ1 operating at unirorm temperature of 130°C to

15

20

25

30

35

give an insulating covering free of porosity ‘with a
radial thickness of 0.75mm on a round copper wire 1.2mm
in diameter at a line speed of 1.8m/min. Curing was in

water at 70°C ror 24 hours,

The 1nsulation had a tensile" strength of

12.7 MPa, elongation at break of 172% and in a hot set

test at 2 bar and 200°C showed an elongation of 15% and
a set of -53. 1Its volume resistivity (at 75°C and
600 V d.e.) was higher than 10!° Qm after 30 weeks
immersion in water at that temperature. (Two eamplee
wefettested- one had unchanged volume resistivity a(ter
62 weeks; the other had fallen to 8x10°qm).

Examgle 2 ' - '

~ Substantially the same procedure was followed as

in Example 1 but using:
(a) as the base mix 37 parts of Evatane 28-05, 5
parts of another EVA sold by Allied Chemical cempany
under the designation AC400A (to improve extrusion
characteristics) and 57.5 pavtseot Kisuma S5A (similar to
Kisuma 5B but believed to be stearate coated) and 0.5
parts of Flectol pastilles; and o
(b) . as curative system 0,65 parte VTMOS. 0.25 parts
TBPEH. and 0.01 parts DBTDL.
The line speed in this case was 2.6 mm/min.

The insulation had a tensile strength of 11.9

MPa, elongation at break of 145% and in the hot set test
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WO 86/ 04594 PCT/ GB86/ 00063 _ - ngéghroxide filler sold under the
trademark Ki suma and the grade’ deS|gnat|o (bel teved to be ol eate coated
and af the kind described and clainfed in U K Patent No.1514081) and 0.5
parts of the antioxidant sold under 5 the trademark Flectol as Flectol
pastilles. The blend was dried for at |east 16 hours at 550C using a
dehumi di fi ed hotshewedryprelengationeplt feodbsiflagndnsexynefte?)> anmd Qhis

diied base m x vighecagdgsnd) 8 par t6s WYne Ord81 a1y o T BRFFL ANSy Ouldipar (s
10 DBTDL and thﬁ?m xture was %‘E{Fg‘t’?ﬁl n a, 38mm 20D | abor at or%/’f:extru er

with a screw of YRAPhaFPEoRFPesSP 3s. inoﬁﬁ?%P}%g s Betfetm
tenperature of [ehah 10:@dme an insul ating covering free of porosity with a

radi al thlckngss of O. 75&?&85;% 5ound copper wire 1.2mm 15 i n di aneter

at a line speed of 1.8m ng was in water at [err] for 24 hours. The
i nsul ati on had a tensil eSgpseagthabliy 1the s&ne procgdurerwas Hokkéwed d452%

and in a hot setjteskamb1e pa}su@ngsiﬁéq:‘:fpe;r 288 fien tgo&aﬁv\IaS% and 20

a set of -5% Its volune resistivit r] and_600 s hi gher
than [err] aftefvabahiRekd P Pme? P Rt 54 PEratF ethe Two
sanmpl es were tesmydraﬂee anamims heoDe dun@bHinthe ecradenatly Rfdrdl Gandeeks;

U SuReran oty ThESe R E T 2othe Hone coeeBHE BAMRe 1 but using:

(a) as the base ni x Bepimsylaticvahadica2Bensile gtrength @fiot her EVA
sold by Allied Ggrpciba COSPYatlon atNYFéak NEr ILS6PNGAE Oh AKOHbE t&et

|nprove ext rusi on
" test showed an elongation of about 20% and a set of -3%.

Its volume resistivity (at 75°C and 600 V d.c.) was
15 higher than 5x10% Qm after 45 weeks immersion in water
at that temperature.
Examples 4-36.
The proceedufe of example 3 was followed with a
variety of base mixes (all including approximately 0.5
20 parts Flectol pastilles, not listed in the tables) with
the results indicated below. (Line speed and radial
thickness varied somewhat). Ingredients used in these
examples and not previously referred to are as follows:
Fillers: Marincd H: Uncoated magnesium hydroxide
25 _ from Merck & Co. Inc. U.S.A.
(Marinco is a trademark).
. Kisuma S5E: Another coated magnesium

N

hydroxide from Kyowa Chemical
| | Industry Co. Ltd. Japan.
30 DC: _ Magnesium hydroxide, received
| ' ~ uncoated from Morton Thiokol
Inc. U.S.A. and coated with

(RTM) - 1.6% Y9774.
Lyca%‘QGHSE'and Uncoatéd magnesium hydroxides
35 PDM/PH10/200 _respectively.from Steetley

Magnesia Division U.K. and
Pennine Darlington Magnesia
Limited, U.K.



characteristics) and 57.5 parts of Klsuna 5A (S|n1lar to Kisuma 5B but
‘bel i eved to be stearate co ) and 0.5 parts of Flectol pastilles; and (b)
as curative system 0. 65 pa VIMOS, 0.25 parts 35 TBPEH, and 0.01 pas¥s .
DBTDL. The line speed in this case was 2.6 mm m. The insul ation-had a
tensile strength of 11.9 NR&J ongati orr & -break of 145%and in the-hot

set test -7 showgd t2acak® zggtlon of ahoul; A orand e3elot ﬁ%gn%siuﬁpd 0 on
two sanples. Its volunme reskstivity aftgI¥ 37 weeks under theé sane

‘conditions as in Exanple 1 was better th&¥dFoXy¥| cgrbonate angy g@gicd um:
Substantially the same procedure was f ol mawaesiun eavamate Eromt using as

the base m x 40.5 parts Evatane 28-05, SNB%&E&ﬁ%frgﬁ% 1%hil%3t§§§ts of

t he hydrated al um na sol e under the tradenark
nunber 710.3The line speed was 2m nin. THeXK-nsul'ation had a tensile

strength of 14.2 MPg)cekeagst mgn at brealy Qfer%g.%% Wm%rta&%ﬂbotusswlﬂnest
showed an el ongati on of about 20%and a set 9 : I'ts vo une reS|st|V|ty

(at 750C and 600 V d.c.) was 15 higher &h&R éc[QPF] dfhgs weeks
i mersion in water at that tenperature. ampbﬁsu4t&6c§hb ﬁﬁaaee@ure of

exanple 3 was followed with a variety OfPFéSenhOt 88“’%% #@%ﬁ%ﬁ

approximately 0.5 20 parts Flectol pasti
with the ré8ults indicated bel ow. (Line mpééuradd radlal t hi ckness varled
somewhat ). I ngredi ertaytiggd i n these exanples and not preV|oust referred

to are as follows: polymers: DPDM 6182 ‘Ethylene/ethyl acrylate
' copolymer from_BP Chemicals g‘;
Limited, : .
15 DEFD1225 ' A polyethylene of very low
density from Union Carbide
Corp., U.S.A.

Other - AC6A: Polyethylene, from Allied
ingredients: | Chemicals, U.S.A.
20 ' Omya EXH1l: Calcium carbonate from Croxton
and Garry Limited, U.K.

. Al74: Gamma methacryloxypropyl
' C 'trimethoxy silane from Union
Carbide Cdrporation, U.S.A.

25 ' DC1107: Methyl hydrogen polysiloxane -
| | from Dow Corning Limited, o/
U'KC

Y9774: A proprietary silane from
Union Carbide Group..U.S.A.

30 ' Surlyn 9450: An ionomeric polymer from Du
Pont, U.S.A. (Surlyn is a
trademark) '

In the case of precoated fillers, the quantity
shown in the tables includes the weight of the coating,
35 the*percentage of which, relative to the total weight of
- that coated filler, is given'immediately below.



Fillers: Marinco H Uncoat ed nagnes(EEDhydroxide 25

from-Merck & Co. Inc. U S A (Nhrlnco Is a demafk). Kisuma SE
Another coat ed magnesi um hydroxi de from Kyowa Chentcal Industry Co. Ltd.
Japan. 30 . DC MagneSi am hydr oxi de, received

uncoated from Morton Thi I d a
1. 6% Y9774. Lycal / 96HSE a RES! cbhipos peSofls genﬁﬁ%egggﬂp%&grOX|§@ W

PDM PH10/ 200 Valuesré@péﬁﬁlU@FySFFoﬁ?SFee%P@yCﬁﬁgﬁésPﬁ & snEféaienk and
Penni ne DerllngteegbegnGSIarbssniﬁﬁln@ Kor typRdM wire and 8abhéracarb/ Us:

A mxed filler of car bonat ng calciu nesi um
car bonat e fron1NF8$§??§§ ¥§ a%in??ﬁa 8 tnd Horlzontglnggec1men
U K Utracabb Mslame Test éeﬁensdohnobathgraphrbOEBoﬂnUh 62pstgndard

coating (The Td' gopfpigiigggreogaléﬁgngggﬁr€ene¥gt been accurately 10

measur ed) Ethylene pol ymer s eth acryl ate -copol yner
from BP Cheni cal Ehej GPPRasitians gt ExamptEFD&ZQBd 24 also pass@d the

polyethylene of yecy3Bovededsityettosainbepnfagbtdst, which is a very
stringent test for the small wire size of these
10 samples.
All the Examples except Examples 7-12 and
Example 36 met the electrical property requlrements
required of conventional PVC-based materlals by the
N applicable British Standard (BS 6746:1984).



Corp., US A Oher ACBA:'Ponetherne fromAllied ingredients:

Chem cals, U S A 20 Orwya EXH1: Cal ci um carbonate from . ,
Croxton and Garry Limte U K. Al74: Ganmma mnet hacryl oxypropyl trlnethony .
silane from Uni on Carbid rporation, U S A _25 '

DC1107: Met hyl hydrogen pol ysil oxane from M/Cbrnlng Limted, U K YO774:
A proprietary silane from Union Carbide Goup, U S A 30

Surlyn 9450: An iononeric polymer fromDu Pont, U S A (Surlynis a
trademark) In the case of precoated fillers the guantity shown in the
tabl es includes the weight of the coati®&BLEBSlthe percentage of which,

re'ative tot nfnfgl '\Anighf n'F fhgf r\nafnrl 'Fl !g_r_,___l_s__g_l_\#e_n_l_md_al_e]#
bel ow. - 9- AHEXHMﬁmsltlons of the Exanpl esjghowed| I®w valgies iy the hot
set test, indijeatve—of—a—sur-etent dcgi‘ec o -efossHd Rg—F-+—ty cad
wi re and cabl g a;ﬂﬂsa:aﬁommﬁcbrall passed t hej Hori zoptal Spgcinen| 5
Fl ane Test deflned in paragraph 102 of UL 62 S andard| for Flgxible Cord and
Fi xture Wre. |t|ons of Exanples 2 apd 24 a] so pasgsed the | EC B32
Part 1 vertica burn| es mhlch is a very Btringent_testjfor the snygfl
W re size of tjh Ies t he Exanpl es5%xcept E'E'?(arrp 4egs_ 57- 12 and|"
Marinco# H - . 49.8
Lycal 96 HSE '
(Coating Al74 (%)
(Coating Other (%)
" Hydral 710 .
@
Copolymer
Evatane 28-05 | 44.5 | 39.5 [s0 [49.7
Evatane 18-02 -
Nordel# 2722
DPDM 6182
Additives
AC 400A 5.0
AC6A
Surlyn# 9450
Tensile Strength MPa 13.1 | 11.5 [15.6 [13.6
Elongation % 121 142 152 189 e
oo
Hot-Set Extension % 15 15-20(20 25-30
Set % -3to0 -3to0|-3to0|0 '
Remarks _ - B _ Cc c

# Trademark



Exanmp| WB86/04894t he el ectrical property req rrents r equi rRGT/GrB86/00063

conventi onal PVC- based materials by the appttable British Standard (BS

67465.2984) . -10- TABLE 1 Exanpl € i 4 5

6 7 Base Conposition Fillers Kisumelbp 55 55
49.5 Marinco# H

Ki suma 5E.
49. 8 Lycal 96 HSE (Coati ng A174(@a (Coating O her (% Hydral 710 Copol yner

Evat ane 28-05 4.5 39.5 50 49. 7 Evatane 18-02

Nor del # 2722 DPDM 6182 Additives AC 400A

5.0 AC6A Surlyn# 9450 Tensile Strength MPa . 13,1 11.5 15.6
13.6 El ongation @6 TABLE 2 142 152 189 Hot - Set

Ext ensi on % 15 - 15-20 20 25-30 Set % - -3to0

-3t 00 - 3t o O—Remarks — B C L _Trademark
: Example ' ' 8 9 10 11

Base Conmposition:
Fillers

Kisuma 5B
Kisuma 5E
Marinco H
- Lycal 96 HSE 50 0 _ _
Coating A174(%) 3 30 >0
N\ Coating Other (%)
Hydral 710

Cogolxmer

Evatane 28-05 43.5 45.5 49.5
Evatane 18-02 49.5
Nordel 2722 '
"DPDM 6182

Additives
ACLO00A 6.0

AC6A 4.0
Surlyn 9450

Tensile Strength MPa 111.3 12.2 13.9 12.9

s Elongation § 100 96 o4 114
Hot Set-Extension § _ 20-35 |15=20 10=-15 10-20
Set % -3 0 . 1=3to0 =2.5

Remarks




Oy duR o, PRE7ORSH00%S3 ~ 11

8 .9 11 Base.:.
Conposition: Fillers Kisu Ki sunma 5E Marinco H Lycal 96 HSE [N
50 - 50 50 50 Coati ng A}§é(2@ Coating Other (% Hydral 710
Copol ynmer Evat ane 28-05 ' 4375 45.5 49.5 Evatane 18-02
49.5 Nordel 2722 DPDM 6182 Additives ACA00A 6.0 ACBA
4.0 Surlyn 9450 Tensile Strength NPa 11.3 12.2 13.9 12.9
El ongation % 100 94 114 Hot Set - Extension
% 20-35 15-20 10-15 .Jﬂhkéniset 5 -3 .0 -3t 00

-2.5 Remarks WO 86/04594
PCT/GB86P 12 TABLE 3 Exa I 2 13
14 %%gﬁﬁpie AP F 12 .13 14 . | 518

Base COnposit}on:
Fillers

Kisuma SB

" Kisuma SE

Marinco H o

Lycal 96 HSE 50 51 151.5 |{s2

- Coating A1TY4(%) (2) (3) (“)
Coating Other (%) E

Hydral 710 ; S W/

_COgolxmer

Evatane 28-05 - 37.1 48.5 [48.0 47.5
Evatane 18-02 .
Nordel 2722
DPDM 6182

‘Additives
ACL00A

AC6A _ o
‘Surlyn 9450 12.4

Tensile Strength_nta _ 10.5 13.9 14.0 13.2
Elongation - § 116 148 150 144

Hot Set-Extension % 25-30 |15-20 |15 20 - ~
| Set % 7.5 -2%to0 |=5 0 - |

Remarks




Base CONDOBG/04594: Fil l ers Ki suma 5B Ki suma@ari nco H Ly RET/GAB8E(08063
- (2) (3)

50 - 51 51.5 52 Coat'i ng A174(% -
(4) Ceating Gher (% Hydral 710 Copol yner Evat arie :28-05
37.1 .48.5 . 48.0 47.5 Evatane 18-8213e+rdel 2722 DPDM 6182 Additives
AC400A ACBA Surlyn 9450 12. 4 Tensile Strength MPa
10.5 . 13.9 14.0 13.2 Elongation % 116 148

15 20 Set .

150 144 Hot Set-Extension % 25-30 15-20
% 7.5 [err] -5 0 Remarks - WD 86/ 04594

PCT/ GB86/ 00063 - 13 - TABLE 4 Exanpl e 16 1y
18 19 Base Conposition: Fillers Kisuma 5B Ki suma 5E Marinco H

TABLE 4 .

Example 16 17 18 19

Base Compbsition:
Fillers

Kisuma 5B

Kisuma SE

Marinco H

W, Lycal 96 HSE 52.5 |[53.5 0. '
Coating A174(%) (5) (7) ?2)2 :gia
Coating Other (%) :

Hydral 710

COgolzmer

Evatane 28-05 47.0 46. |

Evatane 18-02 +9 58.6
Nordel 2722 ' 49.3
DPDM 6182

Additives
ACHOO0A

AC6A
Surlyn 9450

l Tensile Strength MPa 13,6 12.8 5.7 11.4
Elongation § s J11r [100 | 125

Hot Set-Extension % 10-15 |15 |35 20-25
Seg ] -2.5 0 -3 =-3to0

Remarks D




Lycal 96 HSE 52.5 53,5  50.2 . 40.8 Coating Al

74(9S). ' (5)° (7 (2) " (2) Coating Cther (% Hydr al,
710 Copol ymer Evatane 28-0 - 47.0 46. 0 o
58. 6 Evatane 18-02 Nordel 2722 - 14 - .4 9.3”
DPDM. 6182 Additives ACA00A AC6A Surlyn 9450 Tensile Strength MPa
13.6 = 12.8 5.7 11.4 El ongation % 144 117
100 125 Hot Set- Extension % 10-15 15 35
20-25 Set % -2.5 0 -%ABLE -3t 0O Renar ks
D 14 - TABLE 5 Exanple IABLE 5 9o 21 .22 Base
Conposition: Fillers Kisuma 5B Kisuma 5E Marinco H Lycal 96 HSE '
50. 2 1. U 515 Coating AL 9 ( Coati1mg O her (%
(2)F be(a::"}‘?ll?—ydr al 710 Copol yrer| Evat ane & 05 £
49.5 Baé@'@omposition:

Fillers

Kisumé 5B

Kisuma 5E

Marinco H : ’

Lycal 96 HSE 50,2 51.0 51.5

Coating A1T7L4(%) (2) .
Coating Other (%) (2)F (3)F ,
Hydral 710 . . O/
 Copolymer |
Evatane 28=05 ' 49.5  48.0

Evatane 18~02
Nordel 2722

DPDM 6182 _ 49.3
Additives
ACHOO0A
ACHA
Surlyn 9450
Tensile Strength MPa 13.1 13. 3 13.7
Elongation % 66 _ 132 146
Hot Set~Extension § 30 10515 10415 o/
Set % -7 5 to |~2.5t0 -2.5to0
' 10 K5 =5

Remarks ' F - F




Evat ane 18-02 Nordel 2722 DPDM 6182 49.3 Additives

ACAQOA ATBA Surlyn 9450 Tensile Strength s, 131 13.3
13. 7\Elongat|on % 66 13Z. .« 146 Hot
Set - Ext ensi on. % 30 " 10-15 - 15 =[err] Set % -7.5 to
-2.5t0 .-2.5to0 10 5 -5 Remar ks
F F - 15 - TABLE 6 Exanpl e 23 2 4
25 26 Base Conposition: Fillers Kisuma 5B Ki suma 5E Marinco H Lycal
96 HSE 52 52.5 52.0 50.75 Coating Al74(% Coating
O her (% (4)F (4)F (4)H IABLENG pvdral 710 Copol yner
Evat ane 28-05 47.5 47.0 47.5 48. 75 Evat ane 18-02
Nor del 27¢4E¥Zg¥&%184 AUTTTVES ACAUOR 57 [~ 5y 25 26
Base Composition:
Fillers
Kisuma 5B
Kisuma S5E
Marinco H :
Lycal 96 HSE 152 52.5 52.0 50.75
Coating A1T74(%)
Coating Other (%) (OOF (4)F (WOH (1.5)J
W, Hydral 710 :
Copolymer
Evatane 28-05 | 47.5 47.0  [47.5 48.75
Evatane 18-02
Nordel 2722
DPDM 6182
Additives
ACUOOA
ACHA
Surlyn 9450
Tensile Strength MPa - 113.7 13.3 14.4 | 12.3
Elongation_ % 140 146 . |124 87
\/ Hot Set-Extension % 15220 |15 15 15=20
Set % . {~-2.5t0}*2.5t0 |#2.5t0 |=5 to O
. =5 =5 K5
Remarks _ . |F - {F,G6 ~ IH J




AC6A Surlyn 9450 Tensile Strength MPa 13.7 13.3 14. 4 12.3

El ongation. % fﬁég 146 124 - = 87 Hot Set-Extension
% 15-20 15 . 15-20 Set % -2.5t0 -2.5to0 AL
P2.5to0 -5t0 0 -5 -5 -5 Remprkg - F. F, 6
H J - 16 - TABLE 7 Exanple 27 28
29 30 Base Conposition: Fillers Kisuma 5B
57.5 -Kisuma 5E Marinco H Lycal 96 HSE 30.0° 20.0
Coating AL74(% (2) (2) Coating O her (9% Hydral 710
54.0 25.0 40. 0 Pol ynmer Evat ane 28aPbE 7 40.5 39.5
34.5 32.8 Evatane 18-02 hbrdéT"Z?ZZ‘DPDNIGlSZ DEFD 1225
4.2 Additives ACLO0QA , 5. 0. 5.0 5.0 5.0
ACBA Sul| graR43@ Tensile Strength a 27 283. 3 PB. 7 138
10. 4 El prgat-i-on--% 1. S st = i

Base Composition: :

Fillers

Kisuma 5B . B57.5

Kisuma 5E : : '

Marinco H . o .

Lycal 96 HSE 30.0 . [20.0

Coating A1T4(%) (2) (2)
Coating Other (%) . ' _ .

Hydral T10 54,0 |[25.0 40.0 o/

Polymer

Evatane 28-05 40.5 39.5 34.5 32.8

Evatane 18-02
Nordel 2722

DPDM 6182 . .
DEFD 1225 4.2 -
'Additives
ACL400A 5.0 5.0 5.0 5.0
AC6A : . ' '
Surlyn 9450
Tensile Strength MPa 13.3 |11.7 - [12.3 ~10.4
Elongation % |96 119 - |uu2 173 \\J
Hot Set-Extension % 25-30 |10 65~70 . 65
Set % - }R3 0 =5
: : ' o =2.5

Remarks . : ZK




Hot Set - Extension % 25-30, 10 &o 65 Set % 8
0 < 5 -2.5 Remarks ’ - oy K
317

-+ 17\« TABLE 8 Exanpl e o 32 33 Base
Conposition: Fillers Kisuma 5B - 17 - 28.3 28. 2
DC : . 54.4 Utracarb M
28. 3 28. 2 Pol ynmer Evatane 28-05 40. 1 37.9 38.1
DEFD 1225 Additi ves ACA4A00A . 5.0 5.0 5.0
Tensile Strength MPa 8.2 9.4 10. 4 El ongation %
386 224 193 Hot Set-Extension % IABLE 85i_ 30 = 30 10- 15 Set %
0 -2.5 -2.5/7.5 Renmarks K K K
- 18 TABLE Exanpl e 3T 35 36 Base
Composi ti or:%xlélmlq ef s Ki suma 5B 31 32 47 33

Base Composition: |

Fillers

Kisuma 5B : 28.3 28.2

DC 54,4

Ultracarb M5 | 28.3 28.2

L Polxmer

Evatane 28-05 40.1 37.9 38.1

DEFD 1225 :

Additives

ACU400A 5.0 5.0 5.0

Tensile Strength MPa 8.2 9.4 10.4

Elongation % 386 | 224 193

Hot Set+<Extension % 25#30 30 10%15

Set % 0 H2,5 =2,5/7.5
Remarks K K 7 K




PDM PH10/ 200 ' , 53.8 Utracarb M

56 Pol yner Evatane 28-05 - 32.0° 38.5 40.7 DEFD 1225
.10 Additives AC400A . , ‘5.0 5.0 A~
Tensile Strength MPa : 13.9 - 18 8 7.2 Elongation %
67 231. 140 Hot Set-Extension % 30 - 60
50-55 Set % -10/-12.5 2.5 2.5 Remarks : )
K K K - 19 - REMARKS TO TABLES B VTMOS and TOPEH
reduced to 0.7 parts and 0.35 parts respectively. C VTMOS and TOPEH
reduced to 0.8 parts and 0.4 parts resBdBLEV8ly. '5 D Per oxi de
cont ent |ncreased to 0.75 parts F Cbatlng is silane Y9774. G
Passed vgrttecaturmmngtestT—+ Coatrrg s BDe-4to7F—J Coating
i s magnegEEAP®d€arate 10 K rhe3duratiye Systdms wdd in these
Exanpl esjwere as follows (in weight|% Exanple IVTMOS TBPEH
- DBTDL 30 085 020 U 0T~ IS5 - 31 -
0.72 Basg Sempositiqpypg 32 0.75 0.35 0.01 33
0.75° 35 0.01 34 0. 64 0.175 -~ 0.01 35
0. 80 51232&3 0.01 -
Kisuma 5B | 57.5
DC _ _
PDM/PH10/200 : 53.8
Ultracarb M5 56 .
_ v/
Polymer
Evatane 28-05 32.0 38.5 |40.7
DEFD 1225 ' 10
Additives
ACHOOA | 3 5.0 5.0
Tensile Strength MPa 13.9 7.8 T.2
Elongation % . | 67 231 140
Hot Set~Extension % 30 60 50~55 W
Set % =-10/~-12.5| 2.5 2.5
Remarks K K K




¢

20 , 36 0.77 , 0.3%2§D 0.01 Exanple 37 In a
trial.~on a commercial extruder, a conpositio onprising 37 parts Evatane
28- 05 57.5 parts Kisuma 5B, 5 part’s AC400A, 0.05 parts Flectol 25
pastilles, 0.65 parts VIMOS, . 0.30 parts TBPEH and 0.01 parts DBTDL was
successful-ly extruded at |ine speeds up to O mMmn and at tenperatures up
to [err] Sanples extruded at 1300CE§¥£§£§£§@11&§E§§ength of 10.7 MpPa,

El ongation at break of h8PMbsirghd TérEn HadaReda b ¢ eptpdRedr4iadl xd£nsi ons
of 25 to 30% and Sets of égt§9’t§ 0...These sanpl es al so passed the | EC 332
vertical burning test. P2t PECTHA

- 1. A hal dgen- f r eSS and rFQRER meduyced womnpdsigamns faord @xtq usi on
conprising: at |least on j o - a conpati bl e et hyl ene pol yner
base in which the fHIe;béﬁﬁéﬁﬁﬁiéﬁﬁf;V%}%Wdrolysable unsat urated sil ane;
and a free radi &l graf tBSHP¥HHe icaentHaraeaged e ih thaants filler is

a flane-retardag 10 dodtig ofs tdia fHeas® 17t evol ve substantial anounts
of bound wat er heat i at te rat ures above a val ue Td which value lies
in the range [e%"?] t he raﬁsoec}of"n%)ﬁ'e‘:iilcéati &B‘rd’dll%éreﬁ% in the range from3:1.
to 1:2 by wei ghtd and tH®auting dtoDthdastey.half-1ife of |less than 15 10
mnutes at a terﬁoer,atur.q:o%‘igi%bdjtailso\%a‘gqlegg tsq:trerglj%q% by Differential

vent. Z.

Thermal Anal ysis using chl orobenzene as so A conposition as
claimed in @%i K 1 wher &I irative systems used in these Examples were

as follows (in weight %)

_ Example VTMOS TBPEH DBTDL
- _
30 0.65 0.20 0.01
15 n 31 0.72 0.33 0.01
32 0.75 0.35 0.01
33 0.75 0.35 0.01
34 0.65 0.175 0.01
35 0.80 0.40 0.01
20 36 0.77 0.36 0.01
Example 37 ' ..

In a trial on a commercial extruder, a
composition comprising 37 parts Evatane 28-05, 57.5
, parts Kisuma 5B, 5 parts AC400A, 0.05 parts Flectol
\ 25 pastilles, 0.65 parts VTMOS, 0.30 parts TBPEH and 0.01
parts DBTDL was successfully extruded at line speeds up
“to 550 m/min and at temperatures up to 190°c.
Samples extruded at 130°C had a tensile strength .of.
10.7 MPa, Elongation at break of 182% and in the Hot Set
30 test recorded Extensions of 25 to 30% and Sets of
-2.5% to 0. These samples also passed the IEC 332
vertical burning test. |



flame-retardant filler is n@em um hydr oxi de. zU ' A—conposi tion
d

as claimed in daim1l or 2 in which the ini y but yt™
per 2-ethyl hexanoate. 4. A conposition as mlﬂ';m'ﬂlmyﬁ! ﬂl or ’,\f "
Caim2 in which the said filler is gypsuﬁp al um na teri -
magnesi um hydroxi de ang, ffgsgrafting initiator is sel ect ed from- Fert | ary
butyl per plvalate TerTT?;z;anyl per pival ate Di 5,5 trinethyl hexanoyl)

peroxide 30 1+Bis (2 Al PEHRNEBGR) CPELERLABKE 1ﬁbﬁﬁﬂﬂmﬁﬁtanoyl per oxi de

D - decanoyl o%f;mgiqlei&|WO¥*tp§§Q¥hd@o§ppisingA corrp05|t|on as cl ai ned
in daiml or Caim2 35 I n f ihe said filler is alumna trihydrate

or magnesi.um hydr oxi damfihk @Pﬁf geThitiator is selected from Tertiary
- butyl pes 2-ethyl hexanosdmp4TBPEE) ethyléaet palymeut Waseerin sabiklyrahe

Tertiary butyI oxy, di et hyl tate Di benzoyl peroxide 1,1 Di-tertiary
butyl peroxy - gei:f T5- Jﬁl‘ﬁé‘”f%’iﬁggg’ cycl oheaxane Tertiary butyl peroxy
3,5,5, trinmethyl hexarmamedﬁ'@lY$ab§1ebunylatpe|a@)ey_l isdd@nssy|l car bonat e

Tertiary butyl peracet &‘Jef{]ééwa% g%?%%%atiju atorl 1 Bis

(tertiary butyl peroxy exane i's (tertiary butyl
peroxy) val er@t@@@ﬂbsﬂ eknj whgtpohyl fbéﬁ-@%y)isblﬁ dieame-retardant

10 filler of the class that evolve substantial amounts of
bound water on heating at temperatures above a value
Tq which value lies in the range 120-250°C; the ratio
of filler to polymer is in the range from 3:1 to 1:2 by
weight; and the initiator has a half=life of less than
15 10 minutes at a temperature 25°C below T4 as
| determined by Differential Thermél Analysis using
chlorobenzene as solvent. _
2. A composition as claimed in Claim 1 wherein the
flame~retardant filler 1s magnesium hydroxide. '
20 3. A composition as claimed in Claim 1 or Claim 2
in which the initiator is tertiary butyl per 2=ethyl
hexanoate. |
- h, A composition as claimed in Claim 1 or Claim 2
'in which the sa1d filler is gypsum,;. alumina trihydrate
25 or magnesium hydroxide and the gnafting initiator is .
selected from: | W/
Tertiary butyl per pivalate -
Tertiahx amyl per pivalate
Di(3,5,5 trimeﬁhyl'hexanbyl) peroxide
30 Bis (2 methyi'benzoyl) peroxide
Di normal octanoyl peroxidé
Di - decanoyl peroxide
Dilauroyl peroxide
5. A composition as élaimed in Claim 1 or Claim 2
35 in which the said filler is alumina trihydrate or
| _ magnesium hydroxide and the grafting initiator 1is
selected from
Tertiary butyl per 2-ethyl hexanoate (TBPEH).



o
¥

6. ' A conposition as clained in Cla| d al-m2—inA—whteh—the sai d
filJer_is magnesi um hydr oxi de and t he 15 af ti Iected
froraasDi cunyl peroxide 2, 5-Di met hyl, 2, 5-di tertla %Il‘itmu mguum“ xane
1,4-Di (tertiary butylperoxy i so propyl) B Eene T

perOX|de 20 rtlar y ero A conposition as -l ai ned
in any of the pgéégm #}s 5—%‘2 )&h‘b %r%%ea si | anol condensat i on

catal yst. 8. (o] ) conposition for
extrusion. substgﬁ;#éggg §§Q 1 Jﬁst% re e?ggé% to any one of the

nunber ed exanpl B$beRzoyl pe@.rg, I tric cable having d| el ectric and/or
sheath nmade of a conpoSition c alned I n any one of the preceding clains in

its crosslinkedifQr@i-tertiary butyl peroxy - 3,3,5-trimethyl
5 cycloheaxane
Tertiary butyl peroxy 3,5,5, trimethyi hexanoate
Tertiary butyl peroxy isopropyl carbonate

Tertiary butyl peracetate
Tertiary butyl perbenzoate

U 10 1,1 Bis (tertiéry butyl peroxy) cyclohexane
) Normal butyl 4,4 bis (tertiary butyl peroxy) valerate
2,2 Bis (tertiary butyl peroxy) butane.
6. _ A composition as claimed in Cléim 1 or Claim 2
in which the said filler is magnesium hydroxide and the
15 gfafting initiator is selected from:

Dicumyl peroxide
2,5-Dimethyl 2,5-di (tertiary butylperoxy) hexane
1,4-D1 (tertiarz butylperoxy iso propyl) benzene
Tertiary butyl cumyl peroxide o

~/ 20 Di~tertiary butyl peroxide.

T. A composition as claimed in any of the preceding

claims including also a silanol condensation catalyst.

8. A halogen~free crosslinkable polymer composition

for extrusion -substantially as described with reference
25 to any one of the numbered examples.

9; An electric cable having dielectric and/or

sheath made of a composition claimed in any one of the

preceding claims in its crosslinked form.



