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ELASTOMERIC COMPOSITIONS

This invention relates to elastomeric

compositions particularly those compositions for use in
electrical cables. Certain electrical cables regquire
insulation covering and sheath with elastomeric
compositions that are halogen free, flame retardant and
resigstant to £fluids. Where cables are used in marine
applications there are a number of standards that define
the operating gqualities and characteristics of both the
elastomeric combositions in the cables. Such standards
include British Naval Engineering Standards NES 518, NES
525 and NES 526. The Australian Department of Defence
(NAVY) has a comparable standard known as A014000. The
elastomeric composition described hereunder has been
designed to preferably satisfy all of the standards
referred to above.

" When cables are used in a marine environment,
there is an inherent necessity to withstand hostile
conditions and rough usage. The cables can be exposed to
salt ﬁ%ter and a variety of hydrocarbon fluids sugh as
hydraulic fluid, diesel, fuel and lubricating oils. It is
important that cables can operate for long periods and are
designed to withstand damage from the hostile environment.
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hydrochloric fumes or other corrosive volatiles. A further
demand for cables for use in marine applications is the
ability to operate satisfactorily for long periods over a
wide temperature range and have a good capacity to
withstand abrasive forces.

The present invention relates to materials
particularly for use in the sheathing and insulation
covering where applicable of cables of this kind.

According to one aspect of the present invention
there is provided a halogen free elastomeric composition
comprising a combination of acrylate elastomer and fully
hydrogenated butadiene/acrylonitrile copolymer, the
elastomeric composition being cross-linked to meet the
mechanical property characteristics required by Australian
Department of Defence (Navy) Standards A014000 and British
Standards NES 518. '

Preferably, the acrylate elastomer is ethyl-
methyl-acrylate (EMA). However, it is understood that the
acrylate elastomer may also be ethylene-ethyl-acrylate
(EEA) or ethylemne-butyl-acrylate (EBA).

According to a still further aspect of the
present invention, a haiogen free elastomeric composition
comprising (in parts by weight):

a) 50 to 80 parts of ethylene-methyl-acrylate
(EMA) copolymer with acrylate content of greater than 40%;

b) 20 to 50 parts of a fully hydrogenated
butadienes/acrylo nitrile copolymer with acrylate content
greater than 30%, the total polymer content of (a) and (b)
making 100 parts;

c) 2 to 5 parts of processing aids;

d) 100 to 170 parts of aluminium trihydrate or
and with other endothermic fillers of BET surface area of
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Thi s irA¢eAbventiohabesol 2e@h88E0EBI bfi electrical cable
sheathed and insulated by the elastomeric composition
described above. '

In developing the elastomeric composition, a

variety of compounds were produced essentially comprising a
mixture of EMA and HNBR in a range of proporticns.
Compound 1 was 100% EMA, compound 2 had an EMA/HNBR ratio
of 85/15, compound 3 the ratio was 50/50, compound 4 the
ratio was 25/75 and compound 5 the ratio of 0/100. all the
compounds were tested for tensile strength and elongation
properties. Compounds 1, 2 and 3 were tested for tear
resigtance énd compounds 2 and 3 were also tested to fluid
immersion with lubricating oil 0X38 (Aeroshell 750) for 28
days at 50°C as specified in paragraph 6.2 of the
specification'of Australian Standard A014000. Compound 3
was also tested against the other fluid immersion types
referred to in paragraph 6.2 of the Australian Standard.
The EMA product used in these tests was a Du Pont product
gsold under the trademark VAMAC N123, The material
composition of this product is a copolymer ethylene, methyl
acrylate and a third monomer containing carboxylic curing
sites. It also contains 23 parts of compounding
ingredients for each 100 parts of ethylene-acrvlic
elastomer. The HNBR used in these tests was a Baver
product sold under the trademark THERBAN and essentially
comprise hydrogenated butadiene/acrylonitrile rubber. The

- acrylic content of the EMA was in the order of 40% for

VAMAC N123. The acrylonitrile content of HNBR was 38%
{Therban 1907).

Further details of the processing aids, fillers,
antioxidants, colourants, curing agents and other additions
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Certain electrical cables require insulationlﬁgy éggbéggléﬂgath wth

el astonmeri c conpositions that are hal ogen free, ane retardant and
resistant to fluids. Wiere cables are used i iMGRAHVATHEN| GRBROERASt her e are
a nunber of standards that define the operating qualities and
characteristig ggf both the el astoneric conpositions in the cables. Such
standards inc itish Naval Engi neering Standards NES 518, NES 525 and

NES 526.10The Rameral i an Depart ment Cdmpbeditmien (NAVY) hasSpecdfiar sokr€ace

» standard known as A014000. The Area (BET)
HYDRAL 710 . Aluminium Hydroxide 6-8
MISTRON Vapour Talc Magnesium Silicate ' 20
APYRAL B120 ' Alunminium Bydroxide 10-12

15  PERKASIL KS 404GR Silica S -
Antioxidants
Name - ' _ Composition
SANTOWHITE 4, 4’ - butylidene - Bis 6-t-butyl-m-
cresol
20 Colourantg (Pigments and Colour Masterbatches)
Name Composition

LEPRUB, black, blue Pigments and carrier
red, etc.

Curing Agents

25 Name Composgition
HVA2 (accelerator) N,N’-m-phenylenedimaleimide
PERRADOX 14-40MB Bis (Tert-butylperoxy-Isopropyl)
benzene

(crogslinking agent)

30 Other additive - Deodourant
Vanillin
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el ast onerPc cHFREAY P Qescri bed h&Peunder has been designed to preferably
satisfy all ofMysSERON ardsiuis T«ierred to above. When cabl es are

used in a mari Vi ment, there,i.,g an i nherent necessity to wthstand
hosti |l e condi t}#{g’}l@énﬁough usage. l?ﬁe cabl es can be exposed to salt water
and a vari et y SENTORRICRBonldr ui ds2such as hydraulic fluid, diesel, fuel
and | ubricatinga#egy-1dd 1S i mportagt sthat cables can operate for |ong

peri ods %8d are

Vanillin 0.2
Stearic Acid 2
HVA2 2
PERKADOX 14-40MB 10
LEPRUB Red 0.5
15 Tests were conducted on an elastomeric composition that was

essentially VAMAC with evaluation of the HFS-90-R and HFS-
110-R cable ratings to meet the fluid resistance tests as
specified in Australian Standard A014000. It was
discovered that the compound that consisted merely of VAMAC

20 when immersed in Fluid Type C2 (0OX 38, Aeroshell 750) for
28 days at 50° failed to meet the spécified criteria.

A compound that incorporated 50% HNBR and 50% VAMAC in
accordance with the example listed above was then evaluated
to determine its tear, heat ageing and fluid immersion

25 properties. The results of this evaluation are shown in
the following table.
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One of the nost f%reﬁﬁ occéjrrergzes- at'gp“ea is'Efi rég The confined
configuration of r@ride vessel &£ made & essesgtialothat electrical fires or
action damage firé® afe n® spitead byl ani n§ cabffes. It is also critical
that if the cables do catch fire that they do not produce hazardous
hydrochl oric fumes or other corrosive volatiles. A further demand for
cables for use in marine appligations is the abildgty to operate
satisfactorily for?l ghg periods over & w de TenpePature range and have a
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5 a halogen free elastomeric compound based on cross-linked

particularly in. th he i d i Lati o overi re
appl i cabl e ofég%%#égeo?c ?§§Ei§é£°g RYsgég?aEel%9%N¥%C&anﬂg?
Accar di ng to dmeludpegt achaxhuoupr ofeA0°Cneontionousepperatingyvi ded a

hal ogen free -6 . COgpashipQ e a3 rReRalkl Qs ey | at e
el ast oner ande%ﬁ?%gaﬁﬁgﬁo eﬁg?egiguﬁégggﬁgkgcggl%nit??lgaggggfyéézég?NBR)

the el ast omerY@r8sABoRFt HEA-BBrRy ERdsablenfed uB keepnfhé
propertyocharagk it b€S11064i Eodthnubust bperat ibgpeemperiatairelef ence
(Navy) Standards A014000. Preferably, the acrylate el astoner is
et hyl ene-
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nethyl acryla?e ?Eﬁﬁ ce Navg? St?ndar g%gPogd that the acryl ate

el astoner nay al so be et hyl ene-et hyl acrylate (EEA) or ethyl ene-butyl
acrylate (EBA). According to a still further aspect of the
present invention, there is provided a hal ogen free el astoneric conposition
conprising (in parts by weight): a) 50 to 80 parts of

et hyl ene-net hyl acrylate (EMA) copolynmer with acrylate content of greater

t han 40% b) 20 to 50 parts of a fully hydrogenated

but adi ene/ acrylonitrile copolyner with acrylate content greater than 30%
the total polynmer content of (a) and (b)
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maki ng 100 par parts of processing aids;
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In some individual cases cables may be subjectlto additional i

. est o
- 3 - with ot se’@giqtﬁflr“ﬁ%e’f‘hﬁ“rﬁalpfsséﬁifiéﬁtfbfpnéha@%fg&efo5f%en 5 and
20 nmferr]/g; Appendix D}€) 4 parts of antioxidants; f) 1to
10 parts of colorants; vvhereb the eI astomerl c conmposition is cross-1|inked |
to meet the prmf’g%‘f’%b%déé r"‘l° é%.; éggsggchﬁt PSSR d 4
A014000. on a s to an electrical cable |

Except where otherwise spec;fled, the tests listed in Table 7
need not be performed in the order numbered.

6.2 FLUID IMMERSION

. The test method, as is specified for Minerallbil Immersion Test
in AS1660, applies except that the following conditions and
fluids shall be used:

Type A (Propulsion fuels)
(i) Fuel oil, NATO F-76 to DEF (AUST) 5213, specimens
. immersed for 24h at 100 t 3°C.

(ii) Aviation turbine fuel, F-44 AVCAT/FSII to DEF(AUST)5207,
: specimens immersed for 24h at 50 % 2°C.

P

Type B (Hydraulic fluids)
(1) Bydraulic fluid (Petroleum based), 0X30 to DEF STAN. Sl1-
35/1, specimens immersed for 28 days at 50 % 2°C.

om pmest gt 2

(ii) Bydraulic fluid (Silicone based), HS200X, specimens
immersed for 28 days at 50 % 2°C.

Tyne C (Lubricating oils)
(i) Lubrication oil (Detergent mineral based), OMD 113 to DEF
STAN 91-22/2, specimens immersed for 28 days at S50 % 2°C.

TR . mmcoeridi o b wl

(ii) ©Lubrication oil (synthetic ester based), 0X38 to DERD
2487 (Issue 4), specimens immersed for 28 days at 50 %
2°C.

Type D (Mineral oil) : i}
Mineral oil as is specified in AS1660, with the specimens i
subjected to the following immersion time and temperature:

(i) HFS-90-R or HFS-110-R sheathed - for 18h at 120 t 3°C.
(ii) BFS-90-TP sheathed - for 4h at 70 % 2°C.
Type E (Water)

|
(1) Deionised water, specimens immersed for 28 days at 50 % {
2°C. .

(ii) Deionised water + 3.5% by mass Na Cl, specimens immersed
for 28 days at 50 £ 2°C.

Any use of alternative fluids shall be subject to a written
approval by the QAa.

On completion of the test, the specimen shall meet the criteria
specified in Table 9.

This Sheet Has Been Replaced .
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6.4 WEATHERING

sheat hed and i nsul at ed by t he el astorns\)rmlell cor J_(‘:)“zltlon de cr| bed bove
DESCRI PTI ?ﬁp@iﬁa% ccor ncewm and hall b s% g ;
el ast omerif (ee8RASk: |v9.@h U 65 (2Bl Oﬁa r&pﬁamua aiﬁxplaﬁereqw res

car ef ul cmnbdﬁrgahcmrfmitmph cabl e standards that define the operating
gual ities. One_such st ndard | s Aust ra{gl antSt andard AO 14000.
particularly df¥3 @gﬁf J%‘r?eﬁ? %P Fhi*8*E8%ndard is the resistance to a

ange of fl ui dgo gu °@%1&¥k85anen detBbSatubydraul ic fluids (both petrol eum
nd 340 nm wavelength; and
Borosilicate glass inner and outer filter.

The duration of the test shall be 240 x 126 minute cycles each
comprising 108 minutes light only, followed by 18 minutes light and
water spray. A total of 504 hours.

On the completion of the test the specimens shall meet the criteria.
specified in Table 9.

6.5 SCREEN EXAMINATION, ELECTRICAL CONTINUITY AND INSULATION INTEGRITY

In addition to visual and dimensional examination, electrical
continuity shall be checked by applying not more than 25 wvolts d.c.
across the ends of the cable screen through an appropriate indicator,
such as an ohmmeter, electrlc bulb or buzzer.

The continuity test on more than one screen component (e.g. tape
insulated individual screens in multicore cables) may be performed
on each screen separately or with the screens connected in series.
The cable shall meet the requirements specified in Table 7.

In the case of individually insulated screens (e.g. as in tape
insulated individual screens in a multicore cable) the imnsulation
integrity shall also be checked by applying not less than 50 V r.m.s.
or 100 Vv d.c., for 1l minute, between adjacent screens and, in the
case of cable comprising two or more layers of cores, pairs or
triples, between the adjacent layers.

6.6 EIGE VOLTAGE FOR 5 MINUTES AND INSULATION RESISTANCE

The requirements of AS1660 apply except that,in the case of 175/300 V
rated cables, the test voltage shall be 2.0 kVa.c. or 4.0 kv d.c.

The cable shall meet the requirements specified in Table 7.

6.7 CAPACITANCE

The mutual capacitance and the capacitance unbalance tests shall be
performed by the two terminal method specified in MIL-C-17, at room
temperature and, unless otherwise stipulated in a partlcular

! specification sheet, at a frequency of 1 kEz.

: All conductors other than those under test shall be connected to the
} cable screen(s) and the earth.

The cable shall meet the requirements specified in Table 7.

For cables comprising trlples, the measurements shall be made on
Wires A and B while Wire C is connected to the screen(s) and earth.

e Sty =8
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The test shall be performed at room temperature and, unless otherwise
specified in a particular specification sheet, the crosstalk
measurements shall be made at 1 MHEz using 100 ohm terminations,
according to the method specified in As3081.

The cable shall meet the requirements specified in Table 7.

6.11 SURFACE TRANSFER IMPEDANCE

The test shall be performed at room temperature, on a suitable sample
length of the cable, in accordance with that specified in MIL-C-
85485a.

The cable shall meet the requirements specified in Table 7.

€.12 WET ARC TRACK RESISTANCE

When tested in accordance with the requirements specified in Appendix
H, duration of the test being 5 minutes (See Note) for all cables and
the test voltage being 240V mms in the case of Power cables or 120V
d.c. in the case of Data cables, the cable specimen shall meet the
criteria specified in Table 7.

Note: Earlier termination of the test may be necessary, through
tripping of the equipment protective circuit breaker,
indicating a total failure of the test specimen.

6.13 MUTUAL INDUCTANCE

This test applies only to cables comprising a composite of one or

more individually screened pairs together with two or more unscreened

cores.

When tested in accordance with the requirements specified in Appendix

J, the cable specimen shall meet the requirements specified in Table

7.

6.14 COMBUSTION PROPAGATION OF BUNCHED CABLES

When tested in accordance with the requirements specifigd_in A51660,

the bunched cable specimen shall meet the criteria specified in Table

7.

6.15 SMOKE EMISSION

When tested in accordance with the requirements of AS1660 and Part 2
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A 1.5 m long specimen of the cable shall be maintained straight and

conditioned for a minimum of 6 h, in a cold chamber, at - 20 % 2°C.

Immediately on removal of the specimen from the cold chamber, it

shall be bent 180° around a wooden mandrel 12 times the overall '
diameter of the cable and secured to maintain the formed bend in the

cable. i

The specimen shall then be carefully dissected and a visual
examination made of all its functional components (ignoring those
used as optional manufacturing aids, e.g. fillers or binders).

The cable shall meet the requirements specified in Table 7.

NOTE: At the option of the cable manufacturer, smaller mandrels
than that specified may be used.

6.18 BENDING ENDURANCE
This test applies to flexing service cables only.
When tested in accordance with the requirements specified in Appendix

K, the cable specimen shall meet the requirements specified in Table

6.19 SHRINKAGE

The test is applicable to all types of cables, applied to conductor
insulation and the overall sheath of the cable, in accordance with
the test method specified in AS1660, except for the following
modifications:

(a) Insulation
The air oven shall be maintained at 15 % 2°C above the rated
maximum continuous operating temperature of the cable, for 4 h
and then allowed to cool for 24 h, prior shrinkage measurement
is made. * .

{b) Overall sheath

The sheath shall be cut as accurately as possible at the 200 rmm
marks, through to the layer under the sheath (e.g. metallic
screen, laid-up core assembly, as appropriate, see Note), both
ends of the cut sheath discarded, the length of the remaining
sheath on the specimen accurately measured, suitably marking it
at both ends where the measurement was taken and the measured
length recorded.

The air oven shall be maintained at 15 % 2°C above the rated
maximum continucus operating temperature of the cable, for 4 h
and then allowed to cocl for 24 h, prior shrinkage measurement
is made at the marks made on the sheath.
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The cable mass shall be determined by weighing not less than a
Im length of the cable subject to the test.
The cable shall meet the requirements specified in Table 7.

NOTE: For the purposes of this test the weighing of the
complete despatch length of cable is acceptable, provided
that proof of the mass of the packaging mater:.als {e.g.
cable drum) can be provided.

6.21 LEGIBILITY AND DURABILITY OF CORE MARKING

The durability of the printed legend on the cores shall be determined
by the method specified in Appendix B of AS2276.1.

The legibility and durability of the printed legend shall meet the
requirements specified in Table 7.

THIS SHEET HAS BEEN
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bityl| acrylate (EBA) the majority of four®experinmentation antl te¢sting was
C( ict ed _on,g. COMpoSTTT O 1 iict Uty EVE, —Compoumd— - was 0070 con
2%1 an EMAHNBR ratio of 85/15, in conpound 3 the ratid SeroB0/ ST
coopgund 4 the ratio was 25/¥5 and conpound 5 was 100% HNBR. Al Il t ¥néhods
conpounds were tested for tehsile strength and el ongation gropertles.
Ccmqgcul%%s:" b3 :Ifafnaiié‘i’éeé‘éé, t ep hRASTI0N"3. FaFT8T St qNde i *Conpounds 2 and
ver e jabRGeeEseedere gofseli d i nfrersion with lubricating oil OX38 (Aeroshell
7%0) |for 28 days at 50 err]Clas specified in paragraph 6.2 of the
SpECIfIC&tIOﬂ of AusiralTan ptandard AUIZ000. conpound o
2 Insulation
(a) Tests other than (b) below, As specified in Table 8 for the Type See Table 8
performed on material appropriate insulation material
representative of cable
(b) Degree of cross-linking, Special AS 1660 or
performed on material Appendix G,as
taken from completed appropriate
cable:
1 Hot set test,at 200 t 3 deg.C {a) Maximum elongation under
and a load (initial stress) load: 175 &
of 200kPa, applicable to
R-EP-90, X-50 and R-S-150 (b) Maximum residual elongation
only. after cooling:
R-EP-90 and X-90 15 %
or R-$-150-25 ¢
2 Solvent extraction test, Extractable matter shall not exceed
applicable to X-90 only, 30%
where the insulation is
too thin for Hot set test
3 | sheath
(a) Tests other than (b) below As specified in Table 9 for the Type See Table 9
performed on material appropriate sheath material
representative of cable
{b) Hot set test, performed (a) Maximum elongation under load: Special AS 1660
on material taken from 175% '
completed cable. Tested at
200 ¢ 3 deg.C and a load (b) Maximum residual elongation
(initial stress) of 200kp after cooling: 20%
applicable to HFS-%0-R an
HFR-110-R only.
4 Conductor ‘examination and The conductor dimensions, form, Routine AS1660
resistance. material and resistance shall comply
with the appropriate requirements of
- clause_S.Z.
] Measurement of insulation The insulation thickness shall comply Special AS1660
thickness. with Clause 5.4
—~——
§ Measurement of thickness of The sheath and extruded bedding (where Special AS1660
sheath and extruded bedding applicable) thicknesses shall comply
with Clauses 5.9 and 5.7 respectively.
\'¥
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DYy Pont product sold under t hegtting gtm ES- "Phe mat eri pl
insu 1on 1 occur
cgnpogi tion of this product |&nau@ redLsteich \shalll e M1 hyl apryl ate and
a rBoXsPe |‘E°"c‘hh“rﬂ1 ’g‘rtes It allso contajns 23
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o .
ellast bMer ™ *TRE HNBR used in r{é&éﬁﬂg%ﬁ& gﬁiég‘,ﬁ’iﬁﬁi’é; Bt OleCt sol d under tle
t rladefrar k THERBAN and essent ii &d°y: conpri se hydrogenat ed
but adj ednernanihysibopédifdahcr aleub&iérmsulhama&&yunse &QdaeNti®f t N@outine
temperature and corrected to at 20 deg.C, minimum (G Q .m)
20 deg.C
R-EP-90 s 400
X-30 ¢ 3000
HEI-90-TP : 40
R=5-150 t 400
(b) Insulation resistance at Insulation resistance constant (ki) Type
90 deg.C : 2 deg.C at 90 deg.C, minimum (G Q .m)
R~-EP-90 . 0.
Xx-90 :3.0
HFI-90-TP :0.002
R~S~150 0.4
9 Capacitance When measured at 1 kfiz, the cable shall Type Clause 6.7
(Data cables only) not exceed the following values:-
(a) Mutual (i)Where only collectively
screened : 120 nF/km.
{ii)Individually screened (with or
without collective screen): 150nf/km
(b) Unbalance 3 nF/km
10 | Attenuation When measured at 1 MHz, the cable shall Type Clause 6.8
{Data cables only) not exceed the following values:-
Conductor size,sg.mm _dB/100m, max..
0.35 ' 4
0.50 3
0.75 Under Consideration
1.0 Under Consideration
11 | characteristic impedance When measured at 1MHz,the characteristic{ Type Clause 6.9
(Data cables only) impedance shall be 75 ¢ 10 ohm
12 Crosstalk When measured at 1 MBz,the cable shall Type Clause 6.10
(Data cables only)- not exceed the following values,
dB/100 m:
Where only  Individually screened
collectively (with or without
screened collective screen)
| 50 ' 60
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Methods
EVA vias in the order of 40%for VAMAC N123. The acrylonitrile dontent of
HNBR |\#18£238 Yaranddae iRsaiended07) . (under collBd-h@bnydet ai | s of #be pr oapesisng
aijds,| fillers, antioxidants, {colourants, curing agents apnd ot hgr ‘a%g@ﬁt’?eo

14 Wet arc track resistance Other than in the case of the Type Clause 6.12

intenticnally damaged core (see
appendix H), no electrical breakdown

of the insulation shall occur and there
shall be no open circuits in conductors

15 Mutual inductance The calculated value, in uH, shall Type Clause 6.13

not exceed that specified in the
appropriate Specification Sheet.

16 Combustion propagation of The charred portion of the cable bunch Type AS1660
bunched cables: shall not extend beyond 2500mm above thel and
(a)Cable < 6sq.mm conductor-Cat.C| point of application of the burner flame Clause 6.14
(b)Cable > 6sq.mm conductor-Cat.B{ and the after burning duration shall

not exceed 30 minutes.
17 Smoke emission Unless otherwise specified in Appendix D| Type |  AS1660/

the light transmittance during flaming IEC 1034 and
and smouldering mode shall be not less Clause 6.15
than:

1 cable 70%

2 cables 608

3 cables 60%

N1 cables 50%

N2 bundles 50%

18 | Toxicity index The index shall not exceed 3.0 TYpe Clause 6.16

19 | Cold bending, at -20 : 2deg.C There shall be no cracks or tears TYype Clause 6.17
Non-flexing service cables only) in any cable components other than

fillers or optional binders.
20 Bending endurance There shall be no electrical failure Type Clause 6.18
(Flexing service cables only) of the insulation, no broken.wires or
cracks or tears in insulation
and protective coverings other than
fillers or optional binders.
—
3} Shrinkage The shrinkage of insulation and sheath Type AS 1660 and
i shall not exceed 2% Clause 6.19
22 | pimensional and mass Except for componenté already covered Special AS1660 and
in preceding tests - check for con- Clause 6.20
formance to requirements of Appendix D
I 23 | permanence of printing on cores The printed legend shall still be Type Clause 6.21
1 . legible without magnification
—
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test

A. Mechanical tests without ageing
on conditioned specimens:
1. Tensile strength, minimum
(MPa)
2. Elongat;on at rupture,
minimum (percent)

200

12.5

200

10.0

100

150

Type

Mechanical tests after ageing
in air oven:

Duration (hrs) and temperature
of ageing (deg.C)

Tensile strength, minimum

(a) Percentage of values
found in the unaged
specimens

{b)

Elengation at rupture,
minimum

Actual (MPa)

(a) Percentage of values
found in the unaged
specimens

(b Actual percentage

168 h at
135 ¢ 3

70

70

168 h at
135 ¢ 3

75

75

240 h at
100 £ 2

80

240 h at
200 £ 3

120

Type

C. Acid and corrosive gas
emission:

1. pH, mimimum

2. Conductivity, maximum
{micro S em(to the minus 1))

3.5
100

3.5
100

3.5
100

3.5
100

Type

D. Pressure test at high
temperature
Test temperature Centigrade

Indentation, maximum {percent)

e,

90z 2
50

NOTES:
1.

2.

under laboratory conditions.

The tests are to be performed on samples from flat moulded sheets 2mm 2
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stlear at es, Test - AL Criteria nydr OJC\ar Donéatgéng Reference
nohydr oxy conpounds Fi pHers—Nare- T Cefpesi tion
.7 -90- ~110-R S-90~
Spleci fic Surface HES-90-R HFS-110-k © | HFS-90-TF Ar 85 (|BET)test
DRAL 710 Al unmi ni eserty dr gxi demams 6- 8EEMESTRON Vapour! Tathed
i 20 _APYRAI 20 Al umi nium Hydrloxi de
1q-}.2Mechanica.1 tests without Type AS 1660
ageing on conditioned
specimens:
1. Tensile strength, 6.0 6.0 10
minimum (MPa)
2. Elongation at rupture,
minimum (percent) 150 150 100
3. Tear resistance, S 5 5
minimum (N/mm)
B. Mechanical tests after Type AS 1660
ageing in air oven (see NOTE 2)
Duration (hrs) and temperature 240 h at 480 h at 240 h at
of ageing (deg.C) 120 ¢ 3 130 = 3 100 ¢ 2
1 .Tensile strength, 6.0 6.0 8.0
actual minimum (MPa) A
2. Elongation at rupture, 100 100 80
actual minimum (percent)
C. Fluid immersion: Type As in
(Conditions per Clause 6.2) AS 1660
for
1. Tensile strength, Mineral
minimum (percentage oil
of values found in immersion
the unaged specimens) test
Fluid types:
A, B, C 60 60 -
D, 60 60 70
E, 80 80 -
2. Elongation at rupture,
minimum (percentage
of values found in
the unaged specimens)
Fluid types:
A ,B,C 50 60 -
D, 60 60 70
E, 80 80 -
heet Has Been Replaced
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. SHEATH . . SHEATH SHEATH test method
PERKASI L KS 404GR Silica™ Antioxidants Narfe
ODerOSI t1on SANTOWH TE 4.1 4 put ylji dene - DIsfob-1-D Lyl -Tmt
i ss of e ( - i I-i zer fconpositi or 2.0 Type AS 1660
cf esggz: sieatmumsmem g - bt abi i zer o
of exposed surface of
specimen)
E. Pressure test at high Type AS 1660
temperature:
Test temperature (deg.C) - - 90 2 2
Indentation, maximum (percent) - - 50
F. Heat shock - - The sheath shall Type AS 1660
show no sign of
cracking or
flaking either
when initially
wound on the
mandrel or after
the test.
G. Limiting oxygen 32 30 34 Type AS 2122
index, minimum
H. Temperature index, 250 250 250 Type Clause
minimum (deg.C) 6.3
J. Acid and corrosive gas Type AS 1660
emission: .
1. pH, minimum 3.5 3.5 3.5
2. Conductivity, maximum 100 100 100
{micro S cm(to the minus 1)}
K. Durometer hardness (IRHD) - Type ASTM
D2240
(a) minimum sS 55
(b) maximum 8s 8s

This Sheet Has Been Replaced




. HF'S-90-R HFS-110-R HFS=90-TP . of for test
SAF Carbon Bl ack N110 (ABTMs=Xgpe (ar bemaiBl ack Serpets Abr alsi oestFUr meged
B ' Cogposition-HMA2 (acgelerataor)
N} Y wlReRgldy| enedi mal ei m e PERKADOY 14- 40MB Bi s AS
(Tert-butyl peroxy-isopropyl) benzene T("«"?r 09 s&zsd%n&llg
t"’ Tensile strendth 75 75 75 Clause
8.3671 minimum (percentage of 6.6
value found in unweathered
specimen)
(b) Blongtion at rupture 75 75 75
minimum (percentage of
value found in unweathered
specimen)
{c) Surface examination under No cracks No cracks No aracks
X magnification -
NOTES :

1. A hyphen in the Criteria column means that the test is not applicable for the given’ sheath.

2 .For HFS-90-TP the test procedure in AS 1660 for Thermal Ageing and Loss of Mass for PVC shall

be followed.

3. The tests are to be performed on samples from flat moulded sheets 2mm & 0.2 mm thick prepared
under Laboratory conditions. ' -

This Sheet Has Been Replaced
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butadiene/acrylonigrile copolymer (HNBR), the elastomeric
QO hér Addbohpoeitibrobeimi@ntrdédslinBed to meet the mechanical
property characterigtics required by Australian Department
of Defence (Navy) Standards A014000.
2. The composition according to claim 1 wherein the
acrylate elastomer is ethylene-methyl acrylate (EMA).
10 3. The composition according to claim 1 wherein the

acrylate elastomer is ethylene-ethyl acrylate (EEA).

4. The composition according to claim 1 wherein the

acryvlate elastomer is ethylene-butyl acrylate (EBA).

S. ' * A halogen free elasﬁomeric composition comprising
is (in parts by weight):

a) 50 to 80 parts of ethylene-methyl acrylate
(EMA) copolymer with acrylate content of greater than 40%;
b) 20 to 50 parts of a fully hydrogenated .
butadiene/acrylonitrile copolymer with acrylate content
20 greater than 30%, the total polymer content of (a) and (b)
making 100 parts;
c) 2 to 5 parts of processing aids;
d) 100 to 170 parts of aluminium hydroxide or/and
with other endothermic fillers of BET surface area of
25 between 5 and 20 m?/g;
. e} 1 to 4 parts of antioxidants;
£) 1 to 10 parts of colorants;
whereby the elastomeric composition is cross-linked to meet
the property characteristics reqﬁired by Australian
30 Standard A014000.
6. An electrical sheathed and insulated by the
elagstomeric composition according to any one of the

preceding claims.

7. A halogen free elastomeric composition
35 substantially as described herein with reference to the
Example.
heet Has Been Replaced
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- 6- A specific exanple of a conposition made in accordance with
the provisions of this invention is |isted hereunder:

This Sheet Has Been Rep
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TITLE
Elastomeric Compositions
FIELD AND BACKGROUND OF THE INVENTION

This invention relates to elastomeric
compositions particularly those compositions for use in
electrical cables. Certain electrical cables require
insulation covering and sheath with elastomeric
compositions that are halogen free, flame retardant and
resistant to fluids. Where cables are used in marine
applications there are a number of standards that define
the operating qualities and characteristics of both the
elastomeric compositions in the cables. Such standarxds
include British Naval Engineering Standarxds NES 518, NES
525 and NES 526. The Australian Department of Defence
(NAVY) has a comparablé standard known as A014000. The
elastomeric composition described hereunder has been
designed to preferably satisfy all of the standards
referred to above.

When cables are used in a marine environment,
there is an inherent necessity to withstand hostile
conditions and rough usage. The cables can be exposed to
salt water and a variety of hydrocarbon fluids such as
hydraulic fluid, diesel, fuel and lubricating oils. It is
important that cables can operate for long periods and are



Exanpl e

Dy Llaming cableg. It 18 also critical that 1f the cables
do catch phre VERAE B33 do not prodiude THEEEREARNIHO7

50

M STRON Vapoyr .Talc. 20 HYDRAL 710 .. 150 S | TE Powgder 2
ARVEEN 18D Oﬂydmcﬁl‘-’rb??‘bﬁﬁ?l?f ether °°rr°3”%.‘2é§r’ga/¥-l?sc' Act \é-purther 2

HVA2

demand for2cPERKADDC Msd(ivB marind Cepplications is the
ability to operate satisfactorily for long periods over a
wide temperature range and have a good capacity to
withstand abrasive forces.

The present invention relates to materials
particularly for use in the sheathing and insulation
covering where applicable of cables of this kind.

SUOMMARY OF THE INVENTION

According to one aspect of the present invention
there is provided a halogen free elastomeric composition
comprising a combination of acrylate elastomer and fully
hydrogenated butadiene/acrylonitrile copolymer (HNBR), the
elastomeric composition being cross-iinked to meet the
mechanical property characteristics required by Australian
Department of Defence (Navy) Standards A014000.

Preferably, the acrylate elastomer is ethylene-
methyl acrylate (EMA). However, it is understood that the
acrylate elastomer may also be ethylene-ethyl acrylate
(BBA) or ethylene-butyl acrylate (EBA).

' According to a still further aspect of the
present invention, there is provided a halogen free
elastomeric composition comprising (in parts by weight):

a) 50 to 80 parts of ethylene-methyl acrylate

(EMA) copolymer with acrylate content of greater than 40%;

b) 20 to 50 parts of a fully hydrogenated
butadiene/acrylonitrile copolymer with acrylate content
greater than 30%, the total polymér content of (a) and (b)
making 100 parts;

c) 2 to 5 parts of processing aids;

d) 100 to 170 parts of aluminium hydroxide or/and

This Sheet Has Been Replaced
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SAF Bl ack Whereby thejejastomeric comppgitifBodAdchrassniinked tpemeet

| aboratory thiengpriopertd lchairhk8eribtdas roguipedspedaustoashests at
160[err]C f Si Xt ' , and the sheets were watercooled to room
tenperaturefg;rt"é?éz ’%53?33@5?ne prepared sheets were then tested for a series
of unaged and aged ph{rbecahvpnbpentakso Fékatesutdsanfeléeseicakticabie

shown [N Tall gbnea and ineuilEe9N! £AoPLEDGLEHLLIANLLAB HRLL dgd Sheet s

were then left 1n a constant tenpe ure room
described above. :

DESCRIPTION OF PREFERRED EMBODIMENTS

The development of elastomeric composition for
use in cables for marine applications requires careful
consideration of applicable standards that define the
operating qualities. One such standard is Australian
Standard AO 14000. -

A particularly difficult requirement of this
standard is the resistance to a range of £luids such as
aviation fuels, hydraulic fluids (both petroleum and
silicone based), lubricating o0ils (both detergent mineral
based and synthetic ester based), mineral oil as
represented by ASTM reference oil No. 2 and deionised
water, and deionigsed water with 3.5% sodium chloride.

Other requirements are that the compound is halogen free,
while achieving a flame retardance of limi:ing oxygen index
32 minimum, and in combination with the other cable
components, produces a cable of specified resistance to
flame propagation, be low in smoke and low in toxicity
under combustion conditions. Mechanical properties of the
compound must be maintained to tensile 6.0 MPa minimunm,
elongation 125% minimum and tear SN/mm minimum. In
addition, the compound in combination with the other cable
components must provide a low temperature flexibility of up
to -20°cC.

In developing a suitable elastomeric composition,
a variety of compounds were produced essentially comprising
a mixture of Ethylene Acrylic (BA) Rubber and hydrogenated



ethylene acrylic (EA) rubbers including ethylene-methyl )
24 hours before testlng iThe stabilised noul ded sheets were_then cut into

dunbbel | s af8T¥YaF8af 0 ﬂ%?%}ﬂ?ﬂéth%luﬂ%ﬁ%ﬁa%%ch%ﬁ¥baﬁn$r%&kw $RR-

i ncl udi ng tnaairb.eaaf:-pmaeéh(zﬂpnﬂaélﬂ@;@i—lwe@k £l t €ap e f Bbest 2TEN
fol | owed by e_determ nation ani ca erties,of . h d sanpl es

f t f
Lo oot a0 pERCEEREERF PR ! PRafurBREPh or o BRo b AeE et E e B oo
Tabl e 2. CompoundTEswasmEo9%cnnmuccedp@mn®n2ehadtmnﬁzuxlmmmmosati@n t hat

was essentlgkl yﬁy%C:MA%Qm§S|s agigﬂ o; ébg G- g@ §$an9nFE?%% gable

ratlngs to nee ance es S as specl |ed I an
St andar d the ratio was 25/75 and compound 5 was 100% HNBR. All the

compounds were tested for tensile strength and elongation
properties. Compounds 1, 2 and 3 were tested for tear
resistance and compounds 2 and 3 were also tested to fluid
immersion with lubricating oil 0X38 (Aeroshell 750) for 28
days at 50°C as specified in paragréph 6.2 of the
specification of Australian Standard A014000. Cémpound 3
was also tested against the other fluid immersion types
referfed to in paragraph 6.2 of the Australian Standard.
The EMA used in these tests was a Du Pont product sold
under the trademark VAMAC N123. The material composition
of this product is a copolymer of ethylene-methyl acrylate
and a third monomer containing carboxylic curing sites. It
also contains 23 parts of compounding ingredients for each
100 parts of ethylene-acrylic elastomer. The HNBR used in
these tests was a Bayer product sold under the trademark
THERBAN and essentially comprise hydrogenated
butadiene/acrylonitrile rubber. The acrylic content of the
EMA was in the order of 40% for VAMAC N123. The
acrylonitrile content of HNBR was 38% (Therban 15907).
Furthér details of the processing aids, fillers,
antioxidants, colourants, curing agents and other additioms

s Sheet Has Been Replaced
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Stearic Acid 2.0
TE-80 Powder

Fillers

Name

HYDRAL 710

MISTRON Vapour Talc
APYRAL B120
PERKASIL KS 404GR

Antioxidants

Name
SANTOWHITE

Colourants

N-octadecanoic acid

Metal oleates,

gstearates,

hydrocarbons and

monohydroxy compound.

Composition

Aluminium Hydroxide
Magnesium Silicate
Aluminium Hydroxide

Silica

Composgition
4, 4°

cresol

UV -~ stabilizer composition
SAF Carbon Black N110 (ASTM) Type Carbon Black Super

Abrasion Furmace Black

Curing Agents
Name

HVAZ2 (accelerator)
PERRADOX 14-40MB

(crosslinking agent)

Composition

Specific Surfac

Area (BET)

6~-8
20
10-12

- butylidene - bis 6-t-butyl-:

N,N’-n-phenylenedimaleimide

Bis (Tert-butylperoxy-Isopropyl)

benzene

QOther aAdditive - Deodourant

Vanillin

-~ This Sheet Has Been Replace
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A014000. It n@gmg'gcovered t hat t hghgeonpound that consisted nerely of VAVAC
when | nmer se uid Type C2 (OX 38, Aeroshell 750) for 28 days at

50[ err] fa.|86ﬂbs Heef the speC|f|§ﬂ criteria. A conpound t hat

I ncor por at edrhf&@hiNBR9gnd 50% VAMAH i n accordance with the exanple listed
above was th ted to deternmine its tear, heat ageing and fluid

i mrer si on pr§8§§¥8& apour Taxfe ¢ onsition was thermchenically cross

| i nked but i|HYDRABNG@Ostood that orber curing techniques are envi saged such

as el ectro- beam:ErATTy BRaRY Wi th,

ARMEEN 18D 0.5
Vanillin 0.2
Stearic Acid 2
KVAZ2 2
PERRADOX 14-40MB 10
SAF Black 5.0

The compound was used in the laboratory using two
- roll mills. It was then pressed into sheets at 160°C for
sixty minutes, and the sheets were watercooled to room
temperature. Samples from the prepared sheets were then
tested for a series of unaged and aged physical properties.
The results of these tests are shown in Table 1.

The samples prepared from the moulded sheets were
then left in a constant temperature room to stabilise for
24 hours before testing. The stabilised moulded sheets
were then cut into dumbbells and evaluated to determine the
unaged mechanical properties including tensile strength,
elongation at break and tear resistance followed by the
determination of mechanical properties of heat aged samples
and a wide range of fluid immersion properties. These
results are shown in Table 2.

Tests were conducted on an elastomeric
composition that was essentially VAMAC with evaluation of
the HFS-90-R and HFS-110-R cable ratings to meet the £luid
resistance tests as specified in Australian sStandard

This Sheet Has Been Replace
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A compound that incorporated 50% HNBR and 50%
appropri ate €£ﬂ£8“93 gggé%&&ﬁééqgfth the examplé'?isted above was then
evaluated to determine its tear, heat ageing and £1luid
immersion properties.

The composition was therm-chemically cross linked
but it is understood that other curing techniques are
envisaged such as electro-beam cross linking with
appropriate compound modifications.

This Sheet Has Been Replaced
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It is consPREPER Eth&: upAFedpardi eardr nechaRifRl pasiteriAct et Pdnd aged
mechani cal adisiot ehiea fl@itis infdralisf thecétia dcéfVBI SoONcablée eXatindgsts for

cable rati FS 90- 10 0: R.defi nes eat h
characteri 2‘? 8f R2 §I gggﬁﬁﬁéé &Fﬁ? d%%?ﬁ’)%ﬂnﬁ Blggﬁ'ghon cross-1linked
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90[err] C cant LRYays t ' e I gher
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up to and including a maximum of 90°C cont:.nuous operating

temperature. HFS-110-R relates to a higher temperature

vergion of HFS-90-R, suitable for up to and including a

maximum of 110°C continuous operating temperature.
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in Table 7. All :ef:s shall be made as specxfxed in Table 7

A copy of pages 19, 34, ClZoseyfd 30 taken from Australian Departnent Of
Def ence (Navy) St an%r gonéog'nzhggpdual cases cables may be subject to additional

§.2

FLUID

tests not included in Table 7. Such additionmal tests, if any,
are detailed in the individual apeczfxcncxcn sheets (see
Appeandix D).

Attention is drawn to Appendix A in respect to safety measures
whea performing scme of the tests specified.

Except where otherwise specified, the tests listed in Table 17
need not be performed in the order numbered.

DQERSTON

The test method, as is specified for Mineral Oil Immersion Test
in AS1660, applies except that the following coanditiocns and
fluids shall be used:

Tyve A (Propulsion fuels) .
(1) Fuel oil, NATO F-76 to DEF (a0ST) S213, specimeas
irmmersed for 24h at 100 % 3°C.

(ii) Aviatioa turbine fuel, F-44 AVCAT/FSII to DEF(AUST)S207,
specimens immersed for 24h at 50 = 2°C.

B (HEydraulic fluids
(i) Sydraulic fluid (Petroleum based), 0X30 to DEF STAN. 91l-
35/1, specimeans immersed for 28 days at 50 £ 2°C.

(ii) dydraulic fluid (Silicone based), 8S200X, specimens
immezrsed for 28 days at 50 % 2°C.

Type C (Lubricating oils)
(1) Lubrication oil (Detergent mineral, based), OMD 113 to DEF
STAN 91-22/2, specimens immersed for 28 days at 50 & 2°C.

(ii} tubrication oil (synthetic ester based), OX38 to OERD
2487 (Issue 4), specimens irmersed for 28 days atc S0 2
2°C.

Tyoe 0 (Mineral oil) .

Mineral oil as is specified in AS1660, with the specimens
subjected to the following immersion time and temperature:
(1) EFrS~90-R or EFS-110-R sheathed - for 1Sh atc 120 = 3°C.

(ii) 8FS$S-90-TP sheathed - for 4h ac 70 = 2°C.

Iyoe E (Watec)
(i) Deicaised water, specimens immersed for 28 days at 50 2
2°C.

(ii) ODeionised water + 1.5% by mass Na ClL, specimens immccsed
for 28 days ac 50 = 2°C.

Any use of altecnative fluids shall be subject to a wriccen
apprcoval by the QA.

On complecion of the test, the specimen shall meac tha criteria
specified in Table 9.
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SPECI FI CATI ON A014000

- -NOVEVBER-1+99
] 2 4 s 3
Test critaria Category| Aeferance
¥rS-90-R €rS~110-1 Krs-90-T? of tor teatr
SHEATH SKEATH SHEATY test method
Ae Mechanical tasts wvithout TYpe AS 1480
ageing on conditioned
specinens:
1. Tensile strengtn, 6.8 €.0 10
nindms (MPa)
2. Clongation at ctuptuce,
{percent) 15¢ 150 100
3. Tear resistance, H s 5
alnimsum (N/am)
B, Nechanical tests after TYpe AS 16460
ageing in air oven (see NOTT 2)
Duration (hrs) and temperature 240 h at 480 h at 240 N at
of ageing (deq.C) 120 ¢ ) 100 ¢ 3 100 2 2
1 .Tensile strength, 6.0 £.0 8.0
actual ainimum (MPa)
2. Clongation at ruptuce, 100 100 LT ]
actual ainimum (peccent)
€. Tluid lraarsion: TYPe As in
{Conditions per Cleuse §.2) .\.S‘IG‘G
oc
1. Tensile strength, Mineral
ainimun (percentage . oil
of values found in immersion
the unaged specimans) test
Fluid types:
A, B, © 80 (1} -
o, S (1] (1] ¢
E. [ L] 1 1} - H
2. Ctlongation at rupture, !
minimaun (peccentage l
of valuee found in
the uneged specimens) !
Fluid types: !
A L8,.C (1] 0 - }
o, 60 ‘0 70 |
c. o %0 . ‘ :
H ]

This Sheet Has Been Replaced
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TESTS 6. 1| GENERAL test Cabl e shall be capadl e of conply| exgesibh|tddcecance|
the tests specified in Table 7/ ARl sleSTS ers-110-a $htald-rbe Mpdecay SpaGiffied
in Tabl e and Cl ause 9. SIEATH n soE i hdighdual Fages cahl.es may
be qubject to additionalitests not included in
D. Loss of mass, maximum (see - - 2.0 TYpe AS 1660
NOTE 1) (mean loss {n mg/sq.cm
of aexposed surface of
specimen)
L. Pressuge test at high TYpe AS 1660
tempecatures
Test temparatuse (deg.C) - - 90 2
Indentation, maximum (perwent) - - so
F. Beat shock - - The sheath shall] Type AS 1660
shov no sigqn of
cracking or
{laxing either
wvhen initially
wvound on the
mandrel ot aftar
the tast.
C. Limiting oxygen 32 30 kL) TYpe AS 2122
index, minimua '
. Temperature index, 250 250 250 - TYpPe cl:u;c
ainimea (deg.C) .
J. Acid end cocrosive gas TYpe AS 1660
eaission:
l. pR, ainimuns 3.8 3.8 3.8
2. Condu::.ivi:y, maximun 100 100 100
{micro S cn(te the minus 1)}
H
L tet hardness (IRHD) - Type ;';?:o
I (0 mintmun s ss
1 (%) maximn 0 05

———

* This Sheet Has Been Replace

A
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Tabl e 7. Such addi tTi onal test Sf—F—ahiy are-detaledi in the
i ndi vi dual sp&¢i fi cati onlsheets (seefAfbndi x D) catesory| Reteeste| on
is drawn tlo Appendi x A in resppct®s-* |t ¢ssdFet ¥ FHEASUr es| w¥n [prer feor fri ng
sone of the tests specif} ed=™ s@rtep] ViFete ot et ge mewes
speci fied, [ THhe TESTS
L. Beathering TYpe ASTH
(&) Tensile strangth 5 EH 75 Géiii':nd
alninsum (percentage of 6.6
value found in unveathered
specinen)
(b) Clongtion at rupture i 7S 1S 75
ainioum (percentage of
value found in unveathered
speclnen)
(<) :““m:!t“ﬁ:‘u“ unders No gracks No eracks No cracks
nagn, ca o

NMOTES : 1. A hyphen in the Criteria column means thet the test is not applicadle for the given shaath.

1 .for RI'S-90-T? the test procedure in AS 1660 for Thesmsal Ageing and loss of Masa for PVC shall
be followved.

J. The tests are to be perZormed on samples from flat moulded sheets 2mm 2 0.2 =» thick prepared
under Laboratory conditions.

This Sheet Has Been Replaced

L




butadiene/acrylonitrile copolymer (HNBR), the elastomeric
listed in . e t rQJHMred. 6.2
FLUI D | MVERS ?%EI ZlQESQTﬁgi?Q ?P‘%%’ ‘m?% e eg“ﬁ‘gfjl“3t5a M ner al
O | | mrer si PROFestyY| ahagaeeeristics Ja@rp;i:eesd ebace’ms':mlm@mmrmm
condi tions gadpbkshds $haidr) berdsesras n014000.

2. The composition according to claim 1 wherein the
acrylate elastomer is ethylene-methyl acrylate (EMA).

3. The composition according to claim 1 wherein the

acrylate elastomer is ethylene-ethyl acrylate.(EEA).

4. The composition according to claim 1 wherein the

acrylate elastomer is ethylene-butyl acrylate (EBA).

S. . A halogen free elastomeric composition comprising
(in parts by weight):

a) 50 to 80 parts of ethylene-methyl acrylate
(EMA) copolymer with acrylate content of greater than 40%;

b) 20 to S50 parts of a fully bhydrogenated
butadiene/acrylonitriie copolymer with acrylate content
greater than 30%, the total polymer content of (a) and (b)
making 100 parts;

c) 2 to S parts of processing aids;

d) 100 to 170 parts of aluminium hydroxide or/and
with other endothermlc fillers of BET surface area of
between 5 and 20 m?/g;

e) 1 to 4 parts of antioxidants;

£) 1 to 10 parts of colorants;
whereby the elastomeric composition is cross-linked to meet
the property characteristics required by Australian
Standard A014000.

§. An electrical sheathed and insulated by the
elastomeric composition according to any one of the
preceding claims. ,

7. A halogen free elastomeric composition
substantially as described herein with reference to the
Example. |

This Sheet Has Been Rep

TS



Type A (Propul sion fuels) (1) Fuel oil, NATO F-76 to DEF ( AUST)
5213, specinens imersed for 24h at 100 [err] 3[err]C
(i) Aviation turbine fuel, F-44 AVCAT/ FSI'l to DEF(AUST) 5207,

speci mens i mersed for, 24y flepOet&d rd1astomeric composition comprising
a combination of acrylate elastomer and fully hydrogenated
butadiene/acrylonitrile copolymer (HNBR), the elastomeric
compdsitior.l being cross-linked to meet the mechanical
property characterigtics required by Australian Department

of Defence (Navy) Standards AQL4000.

ect Has Been Replaced
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(Petrol eum based),
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2[err]C. Type B (Hydraulic fluids) (i) _ Hydraulic fluids
REPLACEMENT SHEET

0 2 APR 1387

TITLE

Elastomeric Compositions
FIELD AND BACKGROUND OF THE INVENTION
This invention relates to elastomeric

compositions particularly those compositions for use in
electrical cables. Certain electrical cables require
ingulation covering and  sheath with elastomeric
compositions that are halogen free, flame retardant and
registant to fluids. Where cables are used in marine
applications there are a number of standards that define
the operating qualities and characteristics of both the
elastomeric compositions in the cables. Such standards
include British Naval Engineering Standards NES 518, NES
525 and NES 526. The Australian Department of Defence
(NAVY) has a comparable standard known as A014000. The
elastomeric composition described hereunder has been
designed to preferably satisfy all of the standards
referred to above.

when cables are used in a marine environment,
there is an inherent necessity to withstand hostile
conditions and rough usage. The cables can be exposed to
salt water and a variety of hydrocarbon fluids such as
hydraulic fluid, diesel, fuel and lubricating oils. It is
important that cables can operate for long periods and are



that electrical fires or action damage fires are not spread

0X30 to DEF 5 f
2[err]CC)3 (i I?Jﬁg%rauflg é%f’ 188¢C] Iﬁnig also IFRGRA Har?8 3t Yarhd 1]

“(Silicone based), H5200X,  speci nens

i mersed fordegcatch fdaI?stch-tSGhFé’r Ap PRt Produpe, haza®days cat i ng oi | s)

(1) _ Lubricglip8cAibribeEGnE8NbrToksEed! co:x':z:'t.)s:.lib%S Q@lat@i@sll3 A Eddnexr AN
91-22/ 2, speci nens | mmersed for 28 days a | err] 2!err]C
(ii) Lubr|ca@#@ﬂnélfOFsyﬁpﬁéfl5°§SP§F in Gafind appllcat1 8 1s

ability to operate satisfactorily for long periods over a

wide temperature range and have a good capacity to
withstand abrasive forces.

The present invention relates to materials
particularly for ﬁse in the sheathing and insulation
covering where appl@cable of cablesg of this kind.
SUMMARY OF THE INVENTION

According to one aspect of the present invention

there is provided a halogen free elastomeric composition
comprising a combination of acrylate elastomer and fully
hydrogenated butadiene/acrylonitrile copolymer (HNBR), the
elastomeric composition being cross-linked to meet the
mechanical property characteristics required by 2Australian
Department of Defence (Navy) Standards A014000.

Preferably, the acrylate elagstomer is ethylene-
methyl acrylate (EMA). However, it is understood that the
acrylate elastomer may also be ethylene-ethyl acrylate
(EEA) or ethylene-butyl acrylate (EBA).

According to a still further aspect of the
present invention, there is provided a halogen free
elastomeric composition comprising (in parts by weight):

a) 50 to 80 parts of ethylene-methyl acrylate'
(EMA) copolymer with acrylate content of greater than 40%;

b) 20 to 50 parts of a fully hydrogenated
butadiene/acrylonitrile copolymer with acrylate content

' greater than 30%, the total polymer content of (a) and (b)
making 100 parts;

c) 2 to 5 parts of processing aids;

d) 100 to 170 parts of aluminium hydroxide or/and



o LY 4LV PELALD V. WwWLAVLGLWLIWLD s

based), OX38her&FR(:Rdsglistoneriy composidian rfghsraffrlistkdd e guerly s
at 50 r s M aar Tl r bd13a5, 1 S
specified i néliél%%%g{\;\ﬁ'ﬁcﬁgxggg?ﬁ%lﬁg% S ?&%cﬁ%eﬂ%ptﬁiesﬁaﬁ% ng
i mer si on ti$tandard caPd4BP0re: (i) HFS-90-R or HFS-110-R sheathed - for

18h at 120 3[err]C (4yd HrReSPidR shsat kedateonamle1&tdidal cable
sheathed and insulated by the elastomeric composition
described above.
DESCRIPTION OF PREFERRED EMBODIMENTS
The development of elastomeric composition for

use in cables for marine applications requires careful
consideration of applicable standards that define the

operating qualities. One such standard is Australian

Standard A0 14000.

A particularly difficult requirement of this
standard is the resistance to a range of fluids such as
aviation fuels, hydraulic £luids (both petroleum and
silicone based), lubricating oils (both detergent mineral
based and synthetic ester based), mineral oil as
represented by ASTM reference o0il No. 2 and deionised
water, and deionised water with 3.5% sodium chloride.

Other requirements are that the compound is halogen free,
while achieving a flame retardance of limiting oxygen index
32 minimum, and in combination with the other cable
components, produces a cable of specified resistance to
flame propagation, be low in smoke and low in toxicity
under combustion conditions. Mechanical properties of the
compound must be maintained to tensile 6.0 MPa minimum,
elongation 125% minimum and tear 5N/mm minimum. In
addition, the compound in combination with the other cable
components must provide a low temperature flexibility of up
to -20°cC.

In developing a suitable elastomeric composition,
a variety of compounds were produced essentially comprising
a mixture of Ethylene Acrylic (EA) Rubber and hydrogenated



acrylate (i), elilYy4Clue~CLiy s diiydale (L&) alld CluuylQluae-
f2[ err] C. Tybetfl(#éargilatéi YEBADeithe gadorittar ofs fmimerpamimentation
or 28 days ] e | | : % 3 Na C1,
Speci mens |amgrear ggaL?f1§ éL Eﬁlﬁucﬁ: g) JEi0 err J.gn &lﬁxsaeﬁ% "B,
aIternatlveC¢MDpqushathbé°§ébF&&:199%PQM44 \ﬁﬁg4ﬂﬂﬁﬂm?3§¥°

of 85/15, in compound 3 the ratio was 50/50, in compound 4
the ratio was 25/75 and compound 5 was 100% HNBR. All the
compounds were tested for temsile strength and elongation
properties. Compounds 1, 2 and 3 were tested for tear
regsistance and compounds 2 and 3 were also tested to fluid
immersion with lubricating oil 0X38 (Aeroshell 750) for 28
days at 50°C as specified in paragréph 6.2 of the
specification of Australian Standard A014000. Compound 3
was also tested against the other fluid immersion types
referred to in paragraph 6.2 of the Australian Standard.
The EMA used in these tests was a Du Pont product sold
under the trademark VAMAC N123. The material composition
of this product is a copolymer of ethylene-methyl acrylate
and a third monomer containing carboxylic curing sites. It
also contains 23 parts of compounding ingredients for each
100 parts of ethylene-acrylic elastomer. The HNBR used in
these tests was a Bayer product sold under the trademark
THERBAN and essentially comprise hydrogenated _
butadiene/acrylonitrile rubber. The acrylic content of the
EMA was in the order of 40% for VAMAC N123. The
acrylonitrile content of HNBR was 38% (Therban 1907).
Further details of the processing aids, fillers,
antioxidants, colourants, curing agents and other additions



ARMEEN 18D 0.5 N-octadecyl amine
On conpl et i geeiriidhadiest, e speci men shall neetyidrddddfidse serdafi ed
'n Table 9. e 80 Powder 2.0 Metal oleates,
stearates,
hydrocarbons and

monohydroxy compounds

Fillers

Name Composgition Specific Surface
' ' Area (BET)

HYDRAL 710 Aluminium Hydroxide 6-8

MISTRON Vapour Talc Magmnesium Silicate 20

APYRAL B120 Alunminium Hydroxide 10-12

PERKASIL KS 404GR Silica -

Antioxidants

Name Composition

SANTOWHITE 4, 4' - butylidene -~ big 6-t-butyl-m-

cresol
Colourantsg

UV - gtabilizer composition
SAF Carbon Black N110 (ASTM) Type Carbon Black Super
Abrasion Furnace Black

Curing Agents

Name Composition

HVA2 (accelerator) N,N’-m-phenylenedimaleimide

PERKADOX 14-40MB Bis (Tert-butylperoxy-Isopropyl)
| benzene

(crosslinking agent)

Other Additive - Deodourant
Vanillin
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Example phr
VAMAC N123 62
THERBAN 1907 50
MISTRON Vapour Talc 20
HYDRAL 710 150
SANTOWHITE Powder 2
ARMEEN 18D 0.5
Vanillin 0.2
Stearic Acid 2
HVA2 2
PERRADOX 14-40MB 10
SAF Black 5.0

The compound was used in the laboratory using two
roll mills. It was then pressed into sheets at 160°C for
sixty minutes, and the sheets were watercooled to room
temperature. Samples from the prepared sheets were then
tested for a series of unaged and aged physical properties.
The results of these tests are shown in Table 1.

The samples prepared from the moulded sheets were
then left in a constant temperature room to gtabilige for
24 hours before testing. The stabilised moulded sheets
were then cut into dumbbells and evaluated to determine the
unaged mechanical properties including teﬁsile strength,
elongation at break and tear resistance followed by the
determination of mechanical properties of heat aged samples
and a wide range of fluid immersion properties. These
results are shown in Table 2.

Tests were conducted on an elastomeric
composition that was essentially VAMAC with evaluation of
the HFS-90-R and HFS-110-R cable ratings to meet the fluid
registance tests as specified in Australian Standard
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A compound that incorporated 50% HNBR and 50%
VAMAC in accordance with the example listed above was then
evaluated to determine its tear, heat ageing and fluid
immersion properties.

The composition was therm-chemically cross linked
but it is understood that other curing techniques are
envisaged such as electro-beam cross linking with

appropriate compound modifications.
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HFS-90-R and HFS-110-R. HFS-90-R defines a sheath
characterigtic of a halogen free elastomeric compound based
on crogs-linked ethylene acrylate copolymer, suitable for
up to and including a maximum of 90°C continuous operating
temperature. HFS-110-R relates to a higher temperature
version of HFS-90-R, suitable for up to and including a
maximum of 110°C continuous operating temperature.



T uerence (N S
. av-_y) Standarg Arquooo
- 18 - CLAMS: 1. A hal ogen free el astoneric conpositio
conprising a conbination of acrylate el astonmer and fully hydrogenated
but adi ene/ acrylonitrile copolymer (HNBR), the el astoneric conposition being
cross-linked to neet the nechanical property characteristics required by
Austral i an Departnent of Defence (Navy) Standards A014000.



6. TESTS

2. - The conpositi g jaccyeigithrt 0 claim 1l mherein the acrylate
elastoner I s ethyl ene-net yI acrylate (EMA) . The conpositiaon
according to claim1 whereinQaRkeg 8hate aS?B%%*elgfeﬁﬂ?PéﬁénﬁtW}Fh

acrylate (EEA). 4. The (A RAsits WpeELPidd NintBasiai M 1 wher eertishe
acrylate elastonmer is ethylene-hutyl acryl ate EBA%g,S ) A hglo en
free el astomeric conpositionéi%ﬁi %vﬁaﬁa.?§c ig@i it Fable d  a)
50 to 80 parts of ethyl ene-n@yladseacgyl ate (EMA) copol ymer with acrylate
content of greater than 40% b) 20 to 50 parts of a fully

hydr ogenat ed .
In some individual cases cables may be

subject to additional tests not included in
Table 7. Such additional tests, if any,
are detailed in the individual
specification sheets (see Appendix D).

Attention is drawn to Appendix A in respect
to safety measures when performing some of
the tests specified.

Except where otherwise specified, the tests
listed in Table 7 need not be performed in
the order numbered.

6.2 FLOUID IMMERSION -
The test method, as is specified for
Mineral 0il Immersion Test in AS1660,
applies except that the following
conditions and fluids shall be used:

Tvpe A (Propulsion fuels) _
(1) Fuel oil, NATO F-76 to DEF (AUST)

5213, specimens immersed for 24h at
100 = 3°C.

(ii) Aviation turbine fuel, F-44
AVCAT/FSII to DEF(AUST)5207,
specimens immersed for 24h at 50 =




Whhot W - el deldn ot e o i o w ol  wdad f ey Lo el el LT —

but adi ene/ acrylonitrile copol ymer wiimRerasd £ htdans peadlr=tR38-30%
the total polyner content of (@ﬁlyuukgaﬁadmﬂ@rgnﬂiﬁ)(g&Iﬁ@one based), c) 2

to 5 parts of processing aids 100 to 170 r f _al ugy ni um
hydroxi de or/and with other endot her*’rﬁ%:ooﬁ'l |%9%cmer§gu§na~?me§ g?ﬁa%
between 5 and 20 nferr]/g; days ht &0 pas. of anti oxi dants;
f) 1 to 10 parts of col orants;_ wheregeb thewgla%£oner c, conposition is
cross-linked to neet the propg§F¥Lé§aé%é%erré%ré%i%ég%Lred by Australian

: - (i) Lubrication oil (Detergent mineral

based), OMD 113 to DEF STAN 91-22/2,
specimens immersed for 28 days at 50
+ 2°C.

(ii) Lubrication o0il (synthetic ester
based), OX38 to DERD 2487 (Issue 4),
specimens immersed for 28 days at 50
+ 2°C.

Type D (Mineral oil)

Mineral oil as is specified in AS1660, with

the specimens subjected to the following

immersion time and temperature:

(1) HFS-90~-R or HFS-110-R sheathed - for
18h at 120 = 3°C.

(ii) HFS-90-TP sheathed - for 4h at 70 =
2°C.

Type E (Water)

(1) Deionised water, specimens immersed

| for 28 days at 50 = 2°C.

(ii) Deionised water + 3.5% by mass Na Cl1,
specimens immersed for 28 days at 50
+ 2°C. .

Any use of alternative fluids shall be

subject to a written approval by the QA.

On completion of the test, the specimen
shall meet the criteria specified in Table
9.
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composition being cross-linked to meet the mechanical
property characteristics required by Australian Department
of Defence (Navy) Standards A014000.

2. The composition according to claim 1 wherein the

acrylate elastomer is ethylene-methyl acrylate (EMA).

3. The composition according to claim 1 wherein the

acrylate elastomer is ethylene-ethyl acrylate (EEA).

4. The composition according to claim 1 wherein the

acrylate elastomer is ethylene-butyl acrylate (EBA).

5. A halogen free elastomeric composition comprising

(in parts by weight):

a) 50 to 80 parts of ethylene-methyl acrylate
(EMA) copolymer with acrylate content of greater than 40%;

b) 20 to 50 parts of a fully hydrogenated
butadiene/acrylonitrile copolymer with acrylate content
greater than 30%, the total polymer content of (a) and (b)
making 100 parts;

¢) 2 to 5 parts of processing aids;

d) 100 to 170 parts of aluminium hydroxide or/and
with other_endothermic fillers of BET surface area of
between 5 and 20 m?/g;

e) 1 to 4 parts of antioxidants;

£) 1 to 10 parts of colorants;
whereby the elastomeric composition is cross-linked to meet
the property characteristics required by Australian
Standard A014000.

6. An electrical sheathed and insulated by the
elastomeric composition according to any one of the
preceding claims.

7. A halogen free elastomeric composition
substantially as described herein with reference to the

Example.
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A halogen free elastometric composition comprising a combination of acrylate elastomer and
fully hydrogenated butadiene/acrylonitrile copolymer (HNBR), the elastometric composition
being cross-linked to meet the mechanical property characteristics required by Australian
Department of Defence (Navy) Standards AO14000



