LOW ENERGY FUSE AND METHOD OF MANUFACTURE 2215411 The present  °
I nvention relates to an inproved, |ow energy fuse for use in-conmercial

bl asting, inproved materials useful in its manufacture and to a nethod for
produci ng such a fuse. 5 The use of non-electric explosives
initiation systems is now well known in the blasting art. Gener,
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20 was disclosed in our British patent No 808 087 (equals
U.S. 2 993 236). This provided a solution to the problem of
how to safely incorporate an explosive core in a thermoplastic
tubular sheath during extrusion. The technique disclosed
therein can be widely applied to production of tubular
25 products for use in initiation systems. One such product is QF
shown in British Patent No. 1 238 503 (equals US 3 390 739;
CA 878 056) which discloses a:detdn;ting fuse which comprises
a tube having only a thin layer of a reactive substance coated
: on the inner area thereof rather than a core. Such a fuse is
30 marketed under fhe registered trade mark "NONEL". Commonly,
this type of fuse has come to be known as a shock wave
conductor and will be referred to as such hereinafter.

The production of shock wave conductors of small diameter
has been restricted to use of a limited number of polymers due
to the principal properties sought for the product. The
product development trend in the art to meet such problems has
been to provide laminated plastics tubes comprising an inner

and outer layer of differing plastics to satisfy requirements
of reactive substance adhe51on and mechanlcal strength
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respectively. A shock wave conductor in the formof a two-ply | am nated
stube, the outer ply of which provides reinforcenent and resists nechanical
damage, i's dissclosed in GB 2 027 176 (US 4 328 753; CA 1 149 229). Likew se
i iWUS 4 607 573, a 5 met hod is describéd for the manufacture of a two-ply
or smul ti- ply shock tube wherein the outer covering is applied only after
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ext ruded S|ngl i mensi onal |y stable plastic tube haV|ng an i nner 35
sur f ace coétééﬁwﬂﬁw a particulate reactive energetic material hgﬁgl%stlc

the said tube ceianiesithe Arvdntioni afl ghieomd HAVE FPR dyetay
amount. of gnd&%ga%t;ggEggntrlbutlon to the art of blasting, the known
shock wave conductors are not without disadvantages. Since
. the reactive substance within the tube only comprises a thin
20. surface coating which adheres to, but is not bound to the
tube, then only certain special plastics have in practice been
found suitable to provide the necessary adhesion. Such special
plastics tend to be both expensive and to lack mechanical
strength. When protected by an outer layer of material, as
25 disclosed in U.S. Patent Nos. 4 328 753 and 4 607 573, the

mechanical properties are improved.

LA need has arisen, therefore, for a shock wave.conductor
whxth retalns all the explosive properties of the tubes
30_. currently in use and which is also possessed of great
mechanical and tensile strength but at low production cost.
According to the present invention, a low energy shock
wave conductor is provided which comprises an extruded single-
| ll dlmen51ona11y stable plastic tube hav;ng an inner
35 surface coated with a particulate reactlve energetic materlal
the plastlcloi the said tube comprising a substantlally
homogeneoustlend of a major amount of a draw orientable
polymer res;n lacking adequate reactlve materlal-retalnlng
propertles, and a minor amount of a modlfler which is a



pol ymer resin |acking adequate reactive naterial-retaining properties, and
a mnor anount of a nodifier which is a m sci bl e or conpatible materi al
whi ch inparts an enhanced reactive materd al -retaining capability .to the
said extruded plastic tube. Mst favourable results are achieved in nost
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furt her §%4R rabout ambient room temperature to about 180°C or higher
depending on the polymer(s) chosen and it w1ll be recognised

ZQ that the temperature profile of the cold draw1ng stage(s) need
not be uniform so that the post-extrusion temperature
treatment of the tube may be variable. Addltlonally,
intermediate or terminal relaxation stages may be employed, as
are well known in the synthetic fibre art, to "stress relieve"

25 the-cold drawn tube and thereby 1mpart improved dlmen51onal
stability to the tube It is envisaged that normally ' s
artificial cooling of the extruded tube will be applied such ”

~as forced air and/or water cooling to control the temperature
during post extrusion treatment The resulting tube is safe

30 to handle and is easrly reeled for storage or transport of
course the finished tube may be treated externally with ‘agents
to 1mprove resrstance to water and oil, especially dlesel
permeablllty Ordlnarlly a thin film or coatlng will sufflce.
Alternatlvely, the polymer blend may include a further resin

35 to 1mprove oil reslstance The tube can be overcoated with
another layer of polymer as in the prlor art tubes but there
is no percelved advantage in doing so. _

Tests, 1nclud1ng mlcroscoplc examlnatlon, carried out on
the 1mproved tubes made so far in accordance w1th the
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the that in many instances the miscible or compatible material is,
following melt extrusion, dlstrlbuted such that it has a
greater concentration at the inner surface of the tube than in
20 the body of the matrix which provides optimum exposure to
| interaction with the reactive material and favourable
performance in the resultlng shock wave conductor. The
dlstrlbutlon of the miscible or compatible material will vary
depenulng on the phys;cal and chemical properties of the
\_ 25 selected material.
The polymer tube components may be pre-blended in a
'sultable mixer prlor to supply to the melt extrusion equlpment
| to ensure proper mixing of material with the matrix polymer.
The observed surface enrichment upon melt extrusion is a
30 surprlslng "effect and provides a surface presence of the
desired powder adherent material substantially larger than the
populatlon of components in the tube material would imply.
This phenomenon js believed to be achievable by a number of
| mechanlsms, or a helpful comblnatlon of such mechanisms,
35 depending on the particular polymer matrix and powder adherent
"materlals ‘present. Presently favoured explanations are first
preferentlal wetting or coating of the extrusion die surfaces
:by the dispersed material in the molten polymer matrix, and
second migration of material under shear gradients in the



desi red powder adherent material substantially larger than the popul ation
of conponents in the tube material would inply. This phenonenon js believed
to be achi evabl e by a nunber of nechanisns, or a hel pful conbi nat.i on- of
such nechani sns, 35 depending on the particular polynmer matrix and powder
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surface cesdit pebvided ﬂtnﬁgweéﬁe“@aﬁﬁblllty to impart the desired
improvement in reactive materlal retalnlng property to the
20 matrix polymer. Sultable materials can be recognlsed by their
compatlblllty w1th ‘the selected bulk re51n and by hav1ng
pendant or free functlonal -groups whlch wlll lnteract with the
chosen reactlve materlal by e. g polar attractlon, hydrogen
bonding, ionic attractlon w1thout necessarlly formlng an iomnic
25 bond. Alternatively the molecular structure 1s such that ;
interaction is by physical attrlbutes such as tack, high ~
surface energy or surface condltlons e.g. roughness whlch
could be modified by 1nclu51on of ultraflne flllers such as
51llca at levels of perhaps O 5-1.0%. |
30 -~ The bulk polymer matrix of whlch the tube is malnly
composed broadly comprlses olefinic polymers, lncludlng
ethylene/alpha-olefin copolymers where the olefln monomer may
have from 4 to 16 carbon atoms such as 1- butene, l-hexene, i-
octene, 4-methyl- 1 pentene etc. These typzcally have a melt
z5 flow index of from 0 1 to 2 and a den51ty of ‘rom 900 to 950
kg.m =3, 1In general sultable matrlx polymers w1ll be flbre
forming polymers Advantages of these polymers are thelr ease.
of processing in extru51onlequlpment,_structural strength and
generally lower cost than currentfshock tube componentsQ



could be nodified by inclusion of ultrafine fillers such-as silica at

“l evel s of perhaps 0.5-1.0% 30 The bul k pol ynmer matrix of which the
tube is mainl'y conposed broadly conprises ol efinic polyners, including
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partially neutralised e.g. an ionomer such as Surlyn 1855
(Trade Mark for a Du Pont product).

20, A linear low denszty polyethylene which may constitute up
to abqut 97% of the polymer blend and which is used in a
prefgtred embodiment of the tube of the invention desirably
'has”é melt flow index (MFI) of around 1.0. The polyethylene-
miscible or compatible resin which imparts melt strength to

\_ 25 the polymer blend can advantageousl? be, for example,
ethylene/yinyl acetate copolymer or a low density polyethylene
having'a melt'index of 3 or less. The polyethylene-miscible
or cbmpatible powder-retention énhancing resin may be any
ac1d1c or lonomerlc -based co-polymer such as, for example,
PRIMACOR an ethylene-acryllc acid copolymer, sold by Dow
Chem1ca1 Company

o ” The method of the invention comprises the steps of

“extrudlng a melt of the blended constituents of the plastic
tube through a wide annular die in the form of a thick walled
tube whlle dlstrlbutlng partlculate reactive energetic
material 1n,a core load per unit length on the inner wall of
said thick walled tube and elongating the said thick walled
tube to form a localised drawing point by cold drawing, to
increase the tube tensile strength,to reduce the said wall
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mscible or conpatible resin which inparts nelt strength to 25 t he

pol ynmer blend can advantageously be, for exanple, ethylene/vinyl. acetate
copol yner or a |ow density pol yethyl ene having a nmelt index of 3 or [ess.
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specified for draw1ng However a natural draw ratio of at
least 4 : 1, weight for welght of equal lengths of undrawn

20 _agalnst drawn tube, may be most favourable whlch is perhaps
equivalent to a mechanlcal draw ratlo of about 5 to 8 : 1
Therefore, due con51derat1on must be had to the type of matrix
polymer chosen and any necessary minor operatlng adJustments
ascertalned by brief prellmlnary trial or experlmentatlon

25 Guidelines for same may be determined from the non-llmltatlve
Examples hereinafter glven '

The plastlc tube shock wave conductor is preferably
manuractured in such a manner as to prov1de a ten51le strength
of up to 170 newtons per square mllllmetre An erfectlve

30 minimum coreload for hlgh veloc1ty shock tubes would ‘be about
15 mg.m™ -1 put loadings of reactive materlal or_up_to ZO_mg m-
are possible, or even higher as indicatedgin'the above-
mentloned spec1f1catzons e.qg. 25 to 60 mg per llnear metre as
1nd1cated in US 4 757 764. Tube dlmen51ons are a matter of

zs choice and would be affected by the requlred 1nternal dlameter
and the need to obtain a self- supportlng tube but normally
these would be from 2.5 to 3.3 mm 0. D and about 1.3 mm I.D.

Suitable materlals for use as the draw orlentable matrix

polymer include linear polyethylenes such as those currently

.\
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equi valent to a nechanical drawratio of about 5 to 8 1 Therefore, due
-consi deration.nmust be had to the type of matrix pol ymer chosen and any
necessary mmor operating adjustments ascertained by brief prelimnary
trial or experinentation. 25 Gui del ine8 for sane may be determined from
the.non-limtative Exanples hereinafter given. The plastic tube shock wave
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some lnltlal experimentation and minor variation of the
extrusion process may be required but such is believed to_be
20 within the ordinary skill of those in the art. Apart from the
above olefinic polymers which are favoured in terms of
availability, cost, processability and physical properties,
when extruded to form a shock tube, other draw-orientable
melt-extrudable polymers of sufficient toughness and
/25 possessing adequate water and oil resistance may be used e.g.
polyesters such as polyethylene/butyleneterephthalate (PBT) or
‘nylons may also be used as a ba515 for the structural polymer
matrix of the tube with similar results. Kodar ™ is5 a
| suitable polyester obtainable from Eastman Chemicals. The
kAo diversity of polymers available in the plastics extrueion-
moulding field and synthetic fibre field is now so vast that
it is 1mposs1ble to test them all but the expertlse available
in those fields will permit an informed exploratlon of other
polymers should that be desired.
zs The polymer that provides the bulk matrlx of the tube is
- simply required to provide a tough tube of the des;red
dimensions and ph?sical properties and to be an adequate
:carrier for the incorporated material that serves to impart
powder adherent/retentive propertles to the inner tube



sone initial experinentation and m nor variation of the extrusion process
may be required but such is believed to be 20 within the ordinary skil
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bul k powdeshadkemwave hantipit yrire tabaorequmhat(thrsuyfaOetbeebeh@e of
Loy oB°BEL AL AR o0bedlBerth o WleAD MUSHELRE R in
advant agéB@sform of another polymer, or a lower molecular weight
materlal_ which is suff1c1ently miscible or compatible as to
20  be incorporated in the bulk polymer matrixz to provide an
~ eéxtruded tube exhibiting the desired retentive properties.
The additive must not be excessively binding nor exhibit
agg:essive tack or :ely solely on transient electrostatic
properties since the reactive material would then be incapable
25 of prppagating the shock wave either by being permanently
attached to the tube surface or through migration from the N\
surface over'a'periéd Of storage. Thus we have found that
selected materials should be added to the matrix polymer prior
to extrusion to prov1de an extrudable blend capable of being
30 drawn to form a satlsfactory tube for use as a shock wave
conductor. These are characterised by hav1ng pendant or free
'¢unctional or polar groups e.g. carboxyl, anhydride, hydroxyl,
halogen, cyano, amido, sulphonate etc., by having an inherent
adherent property or by belng of relatlvely ‘small molecular
35 size. Such materials can be selected from ethylene/acryllc
acid (EAA) copolymers, ethylene/methacrylic acid (EMA)
copolymers, polyisobutylenes (PIB), polybutadienes (PED),
polyethylene_waxes (PE Wax), ionomers, polyethylene glycols
(PEG), poly-propylene glycols (PPG),'ethyléné vinyl alcohol



The particul ate reactive material required for sustaining a shock wave

W thin the tube requires the surface presence of an additive which

according to:the present invention may be in the form of another pol yner,

or a |ower nolecular weight material, whitéh is sufficiently niscible or
tihle as to 20 be incorporated in the bulk polyner matrix to provide
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all tendency (in the absence of other forces) to separate or
segregate. Thus ionomers such as those sold under the Trade
20 Mark "Surlyn" are not considered miscible with LLDPEs, nor are
| they'promoted as being compatible with LLDPEs. However we
have shown that under the high stress mixing and shearing
forces experienced in a screw extruder they can be finely and
_ homogeneously dispérsed to levels of say 10% w/w and any
_ 25 lnherent tendency to segregate or for droplets to coalesce
1nto large globules does not adversely manifest itself in the
~ short duration of extrusion prlor to consolldatlon of the
tube.

The polyethylene-miscible or compatible resin which
0 imparts melt strength to the'polymer blend can be, for
example, ethylene/vinyl acetate copolymer such as CIL 605-V or
ethylene/methyl acrylate or ethylene/butyl acrylate (EMA or
EBA esters) or a low density polyethylene having a melt index
df_3 6r less. Lupolen 2910 M is a suitable EBA ester
35 obtainable from BASF (UK) Ltd.

B Of course these polymers may include typical additives
such as flame retardants, antioxidants, fillers, slip and
anti-blocking agents, coupling agents, U.V. stabilisers,
thickeners and pigments as required.



Chem cal s), Lithene N4 6000 (PBD, Doverstrand Ltd), Soarnol D,(EVAL resin,
British Trades & Shippers), Portugese WW Gum Rosin from Mead Ki ng Robi nson
Co Ltd, PEG 4000 (Lanster Chem cals) andyjower nol ecul ar weight materials

such as PE max 15 (AC 617A NE 3569, Allied Chemicals) are also effective.
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partlculate resln which 1nparts melt strength ‘and partlculate
resin which enhances powder retentlon_ The re51ns_rrom P1, P2
and P3 are proportioned into resin blender 10 from whence the

20 blended resin is transferred to_extrusion'apparatus'11.
Extrusion apparatus ii'produces a continuous, thitk-walled
primary tube having an 1n1t1al ‘inner and outer diameter
greater than that de51red in the rlnal ‘tube product As the
thlck-walled tube is produced an energetlc reactlve material,

25 for example, a powdered mixture of HMX and alumlnlum from

- reservoir 12, is dlstrlbuted by known means on the lnner_
surface of the tube at a core load of about 2-3 times that of
the desired final tube product. The extruded thick-walled
_energetlc materlal-contalnlng tube 1s then directed, as melt

30 drawdown takes place, to a cooled, s;ze-determlnlng die 13
from which it emerges as a reduced dlameter tube. After the
drawdown 51ze reduction, the tube is passed through a spray
cooler 15 and thence, to an elongatlon/stretchlng station 16.
Stretchzng statlon 16 preferably comprlses a palr of capstans,

I5 the downstream, fast-moving capstan rotatlng 5 to 6 tlmes more
rapidly than the upstream slow-mov1ng capstan in order to
provide a correspondlng elongatlon of the tube, and to
eliminate bumpy areas and increase ten51le strength Heat

-/

from heating unit 14 may optionally be-required. After_



Referring to Figure-1, a cross-section of the shock wave conductor of the
“invention is shown wherein 1 is the tubing 10 wal | which conprises one of
the heretofore described plastic blends aad 2 is a thinly distributed
deposit of reactive or energetic material. Referring to Figure 2, the steps

i nveleved in the nethod of mapufacture of the shock wave conductor of Figure
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passed t-hrough a spray cooler 15 and, thence, .to an e].ongatjon/stretching
station 168iesplatéhihy Sendi bR 28 BF&F@FM&%/QRF&H%geéhﬁ 53#Fe8P38§pstans,
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final proguetvide cdnersbdost theatirawde8m ratio of the primary tube and
to provide sufficient surface area and drag to prevent
slippage and/or "free-wheeling" during the stretching
20 6pération. The stretch ratio is critical to the achievement
of the ultimate tensile strength of the product while
maintaining adequate_size control and elimigating excessive
stretch in the final product. The addition of reactive
material to the large tube at station 12 is controlled so that
&;jzs the final tubing core load is in the order of 10-30 mg/m.
‘However circumstances could call for higher loadings as is
known in the art in which case appropriate adjustments would
‘be made. ' ' '
The plastic blend, e.g. 80/10/10, preferably comprises
30 linear low density polyethylene (LLDPE) as the major component
and, for example, ethylene vinyl/acetate copolymer (EVA) and
ethylene/acrylic acid copolymer as minor components. The
LLDPE'gives'tensileastrengthIto the final product, the EVA
provides melt-strength-in order to extrude more easily a
5 uniform product'and.the ethylene acrylic acid copolymer
impérts enhanced powder adhesion. It will be recognized by
those skilled in the art that a reduced melt drawdown ratio
may obviate the need for a melt strength enhancer or may
require less of it. Further, the melt-strength requirement




5 The position and functioning of sizing die or plate 13 is in many
I nstances critical to the geonetry and, hence, to the perfornmance of the
final finished product. The final jybing dinmensions may be from2.5 mto

. 3.3 mmoutside dianeter and about 1°3 mminside dianeter. Plate or die 13
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product, the BYA pr ovi g uﬁgﬁ?ﬁgﬁgngkgtl n % %’Qco ‘F&%me‘l asily a -

35 unlform pro dict an ené acfy yher I ip
enhanced RARFESSad Y@FiGNS Hﬂ-‘a\kﬂ-FN EQnFEEQBgF\FiEHn%yaQ‘hob@BﬂG#%W ﬁ:& he art

that a redsxSbrimdd . tdm\fﬁdwe tAhtOtHBY cobyi pbadtbe refsk {wy :@aﬁ@halst:!sengt h
ighancer %1{% rtei&u'srp%c:.%%%d rantge Eﬂat Qﬁat tﬁg gfmengzt.cru?sp gop the ‘{beerrent
are uniform and within narrow limits. :
The lnventzon w;ll now be further descr;bed by way of the
20 _follow;ng non-limitative Etamples Eaample 1 is a comparatlve
' Example not Ln accordance with the lnventzon '
L EHEIE 1
A blend of LLDPE’ (85%) and low functzonallty (2%) EVA
(15%) was extruded by a Battenfelder extruder (S.0°'cm
Q,‘:s diameter, 24:1 1/d metering screw), through a 3.0 cm outer die
and a 1.4 cm inner mandrel. rhefmelt-Was_subjected_to a 15:1 U
drawdown over 25 cm through a 7.6 mm diameter sizing die and
processed as shown in Figure 2. The optional heating and .
cooling were not used. The large tube dimensions were about
20 . 7.6 mm 0.D. extruded at a rate of about 5 m per minute.
After stretching, the tube size was about 3 mm O.D. and
- produced at a rate of 45 m per mznute i Explos;ve powder
(HMX/A1) was added to the large tube at’ a rate suff;clent to
give a final core load of about 20 mg/m (4 4 g/m2 of internal

area). The tensile strength of this tube was about 140 N/m2
A break locad of 80 kg was requ:.red at an, extens:.on of 160%
0il reslstance was somewhat better than that or regularly |
produced mono-plast;c shock tubmg Powder adheszon was,
however, very poor a:ter v:.brat:.on and handlxng of the tubing.



and the powder adhesion capability, may, in some instances, be provided by
a single resin suitably possessing both attributes e.g. selected EVAs. The
addition of the ethylene/acrylic acid copdlynmer at 10% w w to the bl end

gi ves excel | ent powder 5 adhesion to the tubrng, and levels well in
excess of 4.3 g of powder per square nner tube area are readily
achi evabl e.. The tensile stren be of the |ng§nt|on I's high

th
conpared with anyleRsu® il r@g%ﬁbckEVGbéloﬁXMQRfJEAA 6+0%) ovas O D.

and 1.3 naktereEGQWda%édiAﬂ&ukﬁ%eeehéaeas9Qd§tﬁwub&1Ehknxaﬂpméeak | trha
about 10096e|ongatron This_ tranpslates to aé& )e?stre f 158 tQ 170
N[err] FoBSaa& SETERgidd 9fithis; tuke. vas S‘J i eﬂrQF‘

strergth apd kacmeﬁsqeaumﬁﬁuIéﬁ@anﬁraakenbhduIdf ﬂ&nwndeosroodsubahnce

during the manufacturi 15 roc i ty. contr ol testrn and
i nspect i ofi85aHBC QQ)Eéémﬁ t%at iHQﬁﬁéQﬁ Y33cPYoe ﬁaterrm
is withingyhé apdciabprbacirge hngl/mAat the drnensrons of the tube are ~
uniformand within narrow limts. -. e on will now be further
descri bed by way of the 20 follow = tative Exanples. Exanple 1

is a conparatimepﬁmmﬁMnaaﬁntha tebbngdanfe Exiapip tehcl I riwast stneteianPby 1 A

bl eng, Lppgli (29 #@g% s truded by a
BattenfelégPEE é§5§£ ﬁ%%} ggﬁéég he?ﬁd é?#?%? me %%?ngﬁécremb

t hr ough aessen&mdutderffcamm aln . qubingnBICPeNtdRs We® ORSerVads
subjected to a 15:1 drawdown over 25£§5lgﬁﬁgﬂgp a 7.6 nmdi aneter sizing
di e and processed as shown in Figure 1é’ptronal heatrng and coolrng

vere not used. A PHendafe HEBRE df fRhii oRYBEAE -olitamd E &ipwas

extruded ékt%uﬁ%h@dﬂhé?““ﬂef%éﬁéeéoﬁaﬂ%E@ngmaéﬂExaﬁﬁi§hIng Almeph B8 cailze
was about 3 mm O D. and produced at _a rate of osi.ve

e.
ponde? (HERPREF ks AT AR TALERA e 7CRE alonganion HRLthones: Boguke a
final corgpbgad of about 20 ng/m (4.4 g/n2 of internal_area). The tensile
strength of this tube was about 140 NiXmmMplLE % break | oad of 80 kg was

0
that  of  ragut aff PIHEH e Wb p ALeR: 2BRSTR T M et - PolRBe LEdnds 247 vas,
g/cc, (an octene-based LLDPE); 10% CIL-605-V, MFI 0.15,

20 density 0.923 g/cc (an EVA copolymer containing 2% VA); and
10% Dow Primacor 1430, MFI 5.0, density 0.938 g/cc, (EAA co-
polymer containing 9% acrylic acid), i.e. an 80/10/10 blend of
LLPDE/EVA/EAA, produced a very useful plastics composition

‘which was extruded into tubing. Likewise 90/8/2, 90/10/0,

25 - 90/0/10 (no sizing dies), 66/17/17 and 85/15/0 compositions

o were produced and formed into tubes. The extrusion
temperature profile ranged from about 150°C to 190°. Melt
draw down ratios were 14:1 or less. An extrusion die of
approxlmately 30 mm with a mandrel die of about 14 mm was

IC¢  used. Appropriate sizing dies improved uniformity of tube

- size. The average coreload of reactive material was about
22 mg.m‘l. The extruded tube was cold-drawn using a second
capstan rotating at around 5-6 times the surface speed of the
feed capstan such that the localised draw point or neck was at

33  the point of departure from the feed capstan. Terminal line
speed was 40-45 m/min. The true cold draw ratio of thg tube
was about 4 (weight ratio of equal lengths of undrawn and
drawn tube).

Tubing according to the invention (80/10(10) was



however, very poor after vibration and handling of the tubing. 14
EXAMPLE Il A blend of LLDPE (80%, EVA (10% and EAA (109 was extruded,
cool ed and stretched as described in Exarjjie 1. The tensile strength’ of
this tube was 170 N[err]. A break load of 5 100 kg was required over an

eéhenSI0ngabjEHEéd ﬁblvafso?kam@etwaxdﬂﬁéﬁﬁmmﬂn?rmusEx§§ga§ﬁgﬁ$Twmetha¥»

adhesi on vwas .oyver err] _and.approa

portion oFHﬁhgttﬂf?@?gtLﬁﬁﬁnﬁFe%Plp ti%ﬂ%%gé E%lkd CORMPARA 141 0

optional [3eat inng, g:ndp congBgnﬁsﬁgm g:tl\kemsmn'rahll.edgf belencemnd rcombangd
roperties g opserye 9

B e T RS i e e Sl b PR oV E e dd g
phyS|saI Tubepr (GPLE } | esTher tesuisntimicieierk czil  dhwayaioon quntﬂﬁmemgbut

3/02(():/0 (an ocléélh‘lle:f% fﬁgﬂ?{:ﬁ gq‘W&%‘?é@?@’Wéttgg %ﬁ dens:'lgrtl 28 923

g/ cc (an Emwdagxmymaattontand|@@l@%pwq t%ﬁﬁﬁiO@bDow Pri macor 1430, M

5.0, density 0.938 g/cc, (EAA co- polyigblggﬁﬁatnlng 996acryllc acid), i.e.
an 80/10/,10 blend of ||PDE/EVA/FAA - produced.a very useful plastics

conposi ti @-giu Ly Was extruded i pi/g NONED- Li kewi se 90/ 8/2,5 8P/ 10/ 0, 25
90/0/10 (no sizing dies) 66/17/17 and 85/15/0 conpositions w

and ferne@ﬂﬂngégigggnceThe extrq$413t&g¢§rature prof|leysﬂug¥bfron1about

[err] toJferr] Melt draw down ratios were 14,1 or loss.An oxtrusion-die

of approxmaaﬁﬂgﬁgghgahm«pglq mandrel die of about 14 mm was 30 used.

Appr opr i at(Ra¥d Zd NORErEE) i nproved uniformty of tube size. The average
corel oad of regpg®ge material was alea@o 22 ng.[err]. The e&0ouded tube was

col d-drawn usi ngp@csecond capstan r@igo ng at around 5-6 tW2%%» the surface
speedsof the feéagbeapstan such that tﬂfb I ocal i sed draw poi rgtzgnr neck was at

Sunshine Exposure

for two days (32°c)

then fired:- _ S
bursts/100 metres ' 42 7

i3
()

Crimp Shrinkage _
80°C for 1 hour '
Linear (%) 8.5 1-3

Crimp 5.4 mm 0.8 to 0.5 mm 0.9 to 0.8 mm
Firings after' ' ' -

2= 85°C for 2 hours - 5/5 fail : 0/5 fail
Abrasion 30 turns 71 turns
Notch Test 7 kg at 60% 17 kg at 230%

Powder Migration 5% from 18mg/m . 5% from 18mg/m W’

Pull thrbugh 5;4'mm
30  detonator crimp . a '
(load, elongation) 9.2 kg at 340% _ 14.7 at 66%

Example VI

Two compositions were made as before using Dowellex 2045-

A LLDPE and Primacqr'EﬁA, oné containing EVA (80/10/10) and
S  one without (99/0710). The former was extruded at a high

temperatﬁre profile (greater than 190°C) whilst the latter was
extruded at a lower temperature profile (less than 190°C) at a
draw down ratio of 6:1 to g1ve tubxng hav1ng the properties
indicated in Table II.

o
L



35 the point of departure fromthe feed capstan. Termi nal |ine speed was
"40-45 ,/mn. The true cold draw ratio of the tube was about 4 (weight ratio
of equal |engths of undrawn and drawn tube). Tubing according to the

i nventi on (80/10/10) was subj ected to‘Parious tests to deternine its
capgbility in th field. Properties of this single-wall (S/'W conposition,
OD 3.4m [.D 1.32 nm are glven rablablxr | bel ow and corrpared with the
currentl , :
tests |nctud@63®ﬂlcunnHS|on hoop sso¢n@Uuo sunshlne expo§h6épliﬁr|nkage
and propasg
Property Tube slze 0. DT)’E NONEL 3.00 to 3. 07 mm S/WlB) oo0Ckb Re@ﬂsummce

15- 23 days I.D. 15 days HooplS8i7emyt h (psi) (Radi al 1BE8fsmp [err]
1400 1566—f-et+ +166 +556
[err]s  Plastic WeigHino 5.26 g/@5 Sunshine ExpBsdfedi/ar two
days ([ ett9—then—Ft+rett—btr-stsH166—etTes 42
7 20  CrFepedioaidikage [err] for 1 hd8r 2LM&E®: (9% 18.7 mg/mg. 5
1-3 Cri np—=5—4—mm O—8to— 05 Tm 0.9 10 O-8_MM F 17T NgsS
after 25 Ppy@e]r MISTR YRR S S54% f aj | 8r8% aj |
Abr asi on SOtUrTS " 7L tUrnNs Ngggg TESL
7 kg at 689PP Strength 17 kg at 230%‘-53\%@53{\/1 gration of PS§rh 18nmg/ m
5% f r om 8o/ POt __tThrough 5. & % dgetonator crinp (Iogg, el ongat1 on)
9.2 kg at Ab¥ggion Resistange 66% 00 turns turns
\ajlo Shrinkage: lhr 800C 3.5% 3.3%
Tensile Strength:
Breakload 33.8 kg 34.9 kg
Elongation . 380% 390%
Perforations/100 m
15 Black background,
3.5 hr, air temp. _ . .
32°C, bright sunshine 295% 154%

* NB: Commercially available NONEL vields 470 holes under the
same conditions

t)
O

Thus it is apparent that a melt strength additive (EVA)
may be dispensed with by appropriate control of the extrusion
N\ conditions.
- The effect of varying melt conditions whilst retaining
25 the presence of EVA (CIL 605-V) in a similar 80/10/10 blend
(2045-A/605-V/1430), drawn down at 14:1, with a terminal line
- speed of 40-45 m/min was investigated and the results are
shown in the following Table III



Exanpl e VI Two conpositions were nade as before using Dowel | ex 2045- A
LLDPE and Primacor EAA, one containing EVA (80/10/10) and 35 one w t hout
([err]/0/10). The former was extruded at a high tenperature profile
(greater than [err]) whilst the latter was extruded at a |ower tenperature
profile (less than [err]) at a draw do ratio of 6:1 to give tubing having
the properties indicated in Table l|££ﬁ£g;ggie Il Conposition -

80/ 10/ 1T - 907 07 10 Tube Si ze: QI% 3,00.to 3.07 |
3.00 to 5a8Plém.D 137 335 mm 5 Plastic
Wi ght 26 g/'m '

1. 5 g/ Melt Temp (°C) “1g% g/ 5PPowder M Fifion " Pigeoa 5. 40629
Resi st anere1o0d t@pmy s 18 PO 39380 0 & nRR” AGR
L113,  PodsT Mibratiap (8} ¢ 30, oo |92 Segle Breakiony
g??Z%FeQERE%yﬁggggoo ggéf Bl ack background, i.i*hi,Ngir t enp. Le{{],
availablgﬂﬂ&ﬁ %) y 3> i o ¢

vields 470 hol es under the sane conditions Thus it s

appareanbggtg%fgﬂét?t{ 994 h addpi ve (EVA)14Gy be di spengsed with ju7s

appropriate _control_ o 1e extrusion caonditions The effect of varying nelt
condi ti oB$euiMicHg r@tgj ning 25 ke presence f- EVA (CIL3605-V) in &1
simlar_80/10/10 blend (2045 AL605-\/1430) drawn down-at14. 1 _with o
terpg nal ghioRyayiaad of) 40-45 mnmggowas i nvestigated and uBe results &5
shown in_the follow ng Tahle L1 _ ' '

Tensile Strength : ' | ,
(N/mm<) 63 52 | 54 ' 53

o/

- Diameter Control Good Poor  Poor Poor

p—
wn

In the following Examples listed in Table IV a variety of
compositions of this invention based mostly on olefinic
polymers (matrix) are described and these are respectively:
Example VII Dowellex 2045-A; Example VIII Esso 3121.73;
Example IX Dow ULDPE-4001; Example X Aecithene LF 3020P;

20 Example XI Dow 204§ LLDPE; Example XII Dow 2075 LLDPE; Example
XIII Du Pont 12J1, (all 80%), Ezample XIV Dowellex 2045-A
(90%). Examples VII - XIV contain Primacor 1430 (EAA) (10%) v
as reactive material adhesion enhancer and all but XIV contain
CIL 605-V (EVA) (10%) as melt strength enhancer. Example XV
uses CIL 605-V as matrix polymer (90%) with Primacor 1430
(10%) as adhesion promoter whilst XVI uses Du Pont 29-08 HDPE
(50%), CIL 605-V (40%) and Primacor 1430 (10%). All these
compositions were made at a melt draw down ratio of 8:1 and
from this Table it can be recognised that a variety of
polymers hitherto thought to be unsuitable for use in shock
wave conductors can be made to work as blends.

1)
N

(8]
O



Table 111 Sanple. : 1 2 -3 4

“Mel t Tenp ([err]) 190 177 168 160 Cor el oad
(my/ m » 19.6 192 20.6 5 Powder
Mgration (9 3 3.2 3.1 1.1 Shrinkage: 1hr

cd N 3 . 3.6 Hoop Strength
(psi 1550 1400 147§3¢ﬂ£LJL-1475 Br eakl oad_(kq)
35 : 3 30 : Elo tion (9 460
490 Exagpje 460 THREile stYEAGn (N D) b 1 63
52 Ty %4 53 Di aneter Control Good Poor
Poor rsﬁ I n thg fol | ow RY Exanplges; |istedyip Tablg RV a
varle;y o? ng Gt ons of thiSjinvention based yogt |y onlofeflnlg gol yners
(matrix)_ar scribed and these are réspectively: Exanple VIl Dowellex

2045- A, le VIl Esso 3121.73; Exanple | X Dow ULDPE- 4001; Exampl-e X
Aemthenesegggig%qpl(g@lbnaamgg Xl Dgw19049 LIy ExanpgsoXl | BDows2075

LLDPE; Exannl nt 1231 (all 8004 Exanple XI'V Dowellex—2045- A
(90% . ExgwalssonV | - XV contain Primacor 1430 (EAA) (10% as reactive

materi al adRagtAna heneens pndgal | but XlgV contaize CI L 6054¥ (EVA) 50109 as
melt strength enhancer _Exanple X\ 285 uses— L8056 M —as—atttr—pot-y-Her—

(9099 W t BhiPimdacy 1430 (10% as adhesi on pronoter whilst XVI uses Du Pont

29- 08 HDPEhQSQ%bc(1¢)605 V(0% and Brigmacor 113D (10%4.M 1 these
conposi t

|t can beT@@@xyased that a varlety of 30 _ polyners h|therto thought to be
|tablstb@ngth30Nva%¢k wage conducﬁ@rs can be4nade toSﬁork as7HIends

Ta|6|v-—-|:l5|-b-e—8'_"3 oD \ 3 5 > pa
2.8 5 |BPeakivad (kg) 1.35 135 127 132 B62
15 Elongation (%) 460 500 500 590 370
Table IV (cont})
Example XII XIII XIV. .. - XV VI
Tube Size:
0.D. (mm) 3 2.8 2.9 3.1 N/A
20 I.D. (mm) 1.3 1.3 1.2 1.4 N/A
Hoop | : - |
Strength (psi) 1560 1560 1550 1180 N/A
Abrasion
U Resistance (turns) 40 46 47 31 N/A
-3 Shrinkage
lhr 800oC (%) 3.4 2.6 3.6 4.6 N/A
Tensile
Strength (N/mm ) 61 67 64 47 N/A
Breakload (kg) 34 33 34 28 N/A
30 Elongation (%) 440 420 450 280 N/A

N/A = data not available

Further tests were carried out using Aecithene LLDPE's,
LF3020, MFI 1.0, density 918; LC3081, MFI 0.6, density 920;
s and LF3100 MFI 0.5, density 918, in comparison with the
Dowellex 2045-A mentioned above and the results are indicated

"



Hoop Strength (psi) 1550 1310 1200 1350 1745 Abrasi on

Resi stance (turns) 42 46 28 43 50 10 Shri nkage
lhr [err] (9% 2.7 : 2.3 19. 1 4.1 2.2 Tensile
Strength (N[err]) 63 53 74 Breakl oad

s60  iasghe follagihs Tablév. " g Bt (38 PRSI b dnd

XIl ~  Xhel line spéed was 13X¥ m/mlnXVIThﬁxxémEeratnCE @ﬁwpxtruSion 3

i:g w%s Change#3€5$%op ér%?% pr%lérﬁgﬁﬁﬁratureI%GS aboy

1180 218P8 mgrd@mmmlkeameét(temymre i.e aheut 190°¢7 As in 31
N A 25 6

N A TenS|F bg%%%ﬁ;%?'éig é%@n% comp%éﬁth? i ﬁndlcatgd as, % md%f}ﬁ/\
Br eakl oaBOANFRr /% mq&@ strength enhancer (605- vtg % adhgpAogoenhancer

El ongati en4B%) i.e&%40in these4éRamples 43/10/10 28own as W AN /o dies a

not avallable Further tests were carried out USJn Aeci t hene LDPE S,
LF3020, ffIBr. 0Theemell duay fewBsIatye WS eHeierty: 5207 35:1aaf LF3100
MFI 0.5, jdadagiatted18, in conparison with the Dowel | ex 2045- A nenti oned

above and the results are indicated L& the follow ng Table V. The
extTUsi on was run at 65 rpn1and the | ed was 13.2 ninin. The .
tenperatyre ol extrusion ange m1ﬁ|g ofile t tenpergjure
I.e. abof‘f“?rl tolowp g"&&‘perat&% .e abo [err].X%Iuin
previ ousMgégrrE){I es blend c%q)gskt | 0504?: lL,ndl Caﬁ(?fjo as % QBEE}' X 3020 |
. ‘o
Blend A B A B A
Profile ~ High Low Low Low High
15 ddr © 6:1 6:1 - 6:1 6:1 6:1
Tube Size: _ o _ |
0.D. (mm) 3 _ 3 3 3 3
I.D. (mm) 1.3 1.3 1.3 1.4 1.3
Plastic (g/m) 5.26 5.26 5.2 5.3 5.2
20  Coreload (mg/m) 18.2 18.7 17.8 13.6 None
Migration (%) 5.4 6.9 7.5 0 -
Hoop : _ o
Strength (psi) 1620 1540 1500 1420 1485 ',
Abrasion _ a
25 Resistance (turns) 60 60 .53 62 56
Shrinkage
lhr 80oC (%) 3.5 3.3 5.5 . 5.8 5.8
Tensile _ _ |
Breakload (kg) 33.8 34.9 N/A 36.1 - 34.7

N
(9]

Elongation (%) 380 390  N/A 560 580



polymer/ % nmelt strength enhancer (605-V)/ % adhesi on enhancer (1430) i.e.
‘in these exanples 80/10/10 shown as A or 90/0/10 as B. The nelt draw down

ratio was' either 6:1 or 17:1 as indicatgd. Table V Exanple XV11
XVI L] XX XX XXl Matrix 2045- A 2045-A
302Q,; - 3020 3020 Bl end B A
B - AProfile Fﬁ%ﬁhlg—zﬂf§ﬁgﬁi Low Low
H gh 15 ! 6:1 :1 xx1v 6:1 xxv 6:1 6:1
Tube Slzgxg%bﬁe (mm XX 3 X181 3 3 3
1.3 .3 3 3 .4 1.3 Plastic (g/m
5 26 mmat?fe 5.2 308+ 3106 5 2 ?(’?201(‘nrp|3njfaeio(ﬂg/n*) 18 2
18.7 Bléﬁ 13.6 hbne Mporation @4 R4 6.9
7.5 Hoop Strength (psi) 1620 1540 1500 1420
1485=.Abr§§bqa_1%5 Remstang&,(turnsklgg Hig}'ﬁO High'53 62
56 Shrinkage 1hr [err] (04 58
5.8 Tensahg Br eakl oad’ (kg) 6:83.8 5 1 34. 917 1 rW/\17 1 36.1 34.7
30 El angation (04 380 : ANCA 560 580 20
Table V @qg@tb;ﬁnﬁnple XXII XX 1| XXI 'V XXV Matrix
3081 039Q0 (mm) 3020 8100 Bl end 3 A 3 A B
B5 Pr@f.pl.e (mm) - Low.3 H gh.4 ngh3 Hi Jh3ddr
6:1 61 441 Attt ege—S7-—-B— (M 3
3 i0c  Plasti® (gvm) = 4.8 1.3 5.71.4 5.3 1.3 5.3 1.3 10 Pl astic
(g/m 45 b 5—3~ —5—3
W Coreload (mg/m) None None 15.2 16.6
Migration (%) ———— ——— 2.75 2.6
Hoop |
Strength (psi) 1390 1400 1490 1405
is Abrasion | _ |
Resistance (turns) 32 59 62 63
Shrinkage |
lhr 800oC (%) 4.6 5.1 5.2 5.86
Tensile . : .
20 Breakload (kg) 033.1 . 344 32.2 28.5
Elongation (%) = 295 570 641 500
v;

In the followlng Table VI the physical properties of

addltlonal examples of shock wave conductors made in

25 accordance with the present invention are described. The
compositions were all based on 80% Dowellex LLDPE 2045-A and
i0 ¢ CIL,EVA 605-V with 10% of a reactive particle adherence
premoting material selected from commercially available
ionomer resins, i.e. neutralised ethylene/methacrylic acid

30 (Surlyn or Nucrel) or ethylene/acrylic acid (Primacor) resins.



Coreload (nmg/m None None 15. 2 16.6 Mgration (%

--- 2.75 2.6 Hoop Strength (psi) 1390 1400 . 1490
1405 Abrasi on Resistance (turns) 32 ~p 959 62 63 Shri nkag
lhr [err] (99 4.6 5.1 5. 5 5.86 Tensile 20 Br eakl oad

e

(ko) 33.1 34.1 32.2 . g g Elgngation (% 295 . 570{;;
641 500 In the follow ng Table hysi cal properties of Py

(‘

additiong#ﬁex ['es of shock wa nduct ?@Wﬁﬁwé accorgance wrtn
the pres ntion are descri 5E Thegggﬁgg3|t re allgggged on

particle

80% Dowel | ex LLDP g -A and 10 %O T EVA 605-V w th 10% of a reactive
g EE ting mateyjal selected fromc rcially,avail abl e

|ono§e eutral i sed £{ hyl ene/ Ehaoryllc%ggéd 30 igurlyn or

Nucr ) o, gé ryI|c aC|dJ_ ri macor)_resins abl e VI nponents

N 80 80_ _ @
CIL 605 ucrel 410 lp 10 l%p Surlyn i 55
10 Prima - -=_Nucrel 4Q§ _— --
-- Hm)iﬁcrel 410 - - - - . lO - -
Pri RACOr pupe Size: - - 10 - - - - 10 Tube Si ze:
OD (Myo.p. (mm) 3.1 3.8.0 3.03.1 3.13.0 Ds )
1.4 I.]D3(m ) 1.4 114’3 Plastlfgg/n) 1.4 . 5.2
5.3 5 2 Coreload (ng/m 9 _ 1R 6 16.9
15 ng@@agghégﬁg/m) 4. 55.5 : 9.35.2 _ 12.%_3 1.§,§hrinkage
1hr 800C—(% 2 2 2 A/ . 2. 3 2 3 Tensile
Coreload (mg/m) - 18.9 17.9 18.6 16.9 - W,
15 Migration (%) 4.5 9.3 - 12.8 1.6.
Shrinkage ' | -
lhr 80oC (%) 2.2 2.6 - 2.3 2.3
Tensile . '
~ Strength (N/mm?) 43 48 - 48 51
20 Breakload (kg) 26.8 - 27.2 - 29.3 29.2
Elongation (%) 690 520 ' 520 510
The above results are quite favouraﬁle.andﬁin particular
the results.of ExamplefIXXX show Nucrel 403 (EMA) to be
| especially good in minimising powder migration. _
25 Further work was carried out using different matrix "/

polymers in place of the LLDPEs 1llustrated in the foreg01ng
Examples w1th EVAs and EAAs as referred to above.
Satisfactory tubes were drawn at elevated temperatures using
‘polypropylene based (80/10/10) compositions. Similar results
k{e) were obtained using_polyeSter based (90/10 and 80/10/10)
compositions. | o | |
_ gxamglg xXX |
A polypropylene based tube composed of 80% rubber
toughened polypropylene {(90% SHELL GET6100N polypropylene with
35 10% EXXELOR PE 808 ethylene/propylene copolymer) 10% EVA and
10% EAA (PRIMACOR) was extruded and cold drawn at a
temperature of 150°C (achieved in a fluidised bed of glass
spheres). The primary tube had an external initial diameter



Strength (N mmR) : 43 48 48 51 20 Br eakl oad
“(kg) 26. 8 27. 2 29.3 29. 2 Elongation (%

690 520 520 510 The gBbove results are quite favourable
and.in particular the results of Exanpl e XXX show Nucrel 403 (EMA) to be
espegially good in mnimsin owder mgration. 25 . Furt her  work was
carri-ed off Qsish@miand e ‘gﬁgwﬁxtﬁéﬁymﬁ% the plecalisedndrawppednt, had
iIlustrat g iextdimd0reoma Dod ExRepkes oF L 7EYR. anth&AAsSbas qhafigtkedradsd
above. Satisfactory tubpes re drawn at el eva}_t ed tenperatures using

pol ypr opy P2R& l%’s‘,’{-:‘(? ﬁ@%sﬁﬁﬁp}iyt PErESIAGIRTEr results 30  were

%)(t Zi nefl usi nglApQJamtaatéoit@pSﬁdwb 489/ iagéa;ioﬂgé}:ﬂy%gjsmpt @ﬁim.gps-_ mELHIH €
pol ypr ene .hased tube.congposed_o o rubber_foughene

bol it opy PeNES0sidtEd TEABIRERERGR, FEAGHAYR M ter 3L WaBoRERIELeR PE

808 et hyl emalmadey lae va oty yofr powder Eddhasd ok %érnhiend Dk MAEOBYr iads and

ext ruded | : t rag.u f [ ] hieved in a fluidised

bed of gl ggg %%ﬁg]rlgé€%er%?%§g$§ ?Il}brggﬁgﬁ avflffextfée al initial dianeter

22 of 6.3 nmand the drawn tube, at thablecHIIsed draw point, had an

ext er nal - ;
adhesi on Revdexm iaghesinry enhancingt vayegdader( Tldhesi on €everagiendgdm4)L DPE

mat ri x 5—EgEynETfmrrh—a—srandardrsed-reacrrve-narerrahﬂMfrTnnnr1ﬂrﬂanﬂ1nﬂ1r
a varfety dERd@acaIesi on enhancing maft&rials and the rdshl ts4are

reported PRlYASCOLEVLeng dHMebs e3¥) 1 Powddr adhesi on enha@cgng mat eri al

(% Polygspbutydeng ndjyadbs 38MA (Prifacor) . 10
3.5 - 4 PBPYYiSRHPUHYI RN Y%l%ozo) P 9 PoPyPsobutyl ene
(Fyvi s 3ofolybutadiene (Lithene N4 80PQ))yidsopbutyl ene (HyvPs 30) 5

P
9 - %P5 P}b’ﬁt“-gmlé?@ 3% heMeb NgR 6000) 3~ 3 15
izg\% gﬁ%&‘g) (ACS%@A& 10 2 g’

Polygthylu 2

EVAL (SOARNOL D)
Portugese WW Gum Rosin

Lol €L V)

5.9
2.5 - 3

1)
(o I

In the following Examples higher functionality (9% VA)
EVA obtainable under the trade mark EVATANE was substituted
for the EVA (lower VA) used in earlier Examples with a view to
determining the effect on surface coverage after loading with
a standardised powder. The results are indicated in Table
VIII below and it can be seen that compositions B containing
Y slightly higher functionality EVA than those of compositions A

leads to improved surface coverage but it should be

P
tn

appreciated that significantly higher VA functionality levels

30 could require adjustment of the extrusion conditions. However
it is interesting to note that use of increased quantities of
EVATANE does not have any marked effect on surface coverage.
This also shows that certain EVAs can function as adhesion
promoters in the bulk polymer matrix.



Pol yet hyl ene Wax (AC617A) 10 3 EVAL (SOARNOL D)

2 2 EVAL (SOARNCL D) 5 5.9
Port ugese WV Gum Rosi n 1 2z 2.5 - 3 Inthefol1ovv|ng
Exanpl es hi gher functionality (9% VA) EVA obt ai nabl e under the trade hark.
EVATANE was substituted for the EVA Mused in earlier Exanples - i

wth a viewto determning the effec e _coverage after loading #=

wth 25 rdj, DOV, gesul ts. arg §a@gdgméﬁa qn-\ﬂ I
bel ow and ?Fat‘gﬁl%gie%sté@ﬂ)t %ﬁ%gy tions B con%%n slightly %nhpr
functionalr] an th conpositions A leads to inpr oved surface
cover age bub £P5¥A 31 c@bpﬁ%l ated that significantly higher \A

functi onal |A¥ I awel $ 30 coul d require adjustnment pfgg he extrusion
conditi ons. A agglt ‘is interesting to note thatguge of increased
quantTties 9 does not have any marked effertoen surface coverage.
This al so_shdws “that certain EVAs can functian

bul k pol ynetmlzxﬁlghﬁ'@b@g ¥rh! POLYMER BLEND COVPOSI TI ON %

SURFACE CoVl errl 11 DPE - In\Apr NAEVA-AL—90-10
1.88 A2 9030 gg:10 +1.09 A32.90: 10

1.09 LLDPE gyHi @be.rzd/A EVA B1 90:10 : - 2.33 ' 2:31 B2

80: 20~ "B3 60:40 - 2.33 B3 60:40 2.74

2.74 ClALMA1 Al ow energy shock—w _
single-wall, dinensionally st abl e pl astic tube havi ng an inner 5 surface
coat ed wnth a particulate reactive energetic materlal the plastic of the

sai d tube conprising a substantially _ i W



honngeneous bl end of- a maj or anobunt of a draw orientable poI
‘| acki ng adequate reactive material -retaining properties, mﬂﬂﬁn I,
of a nodifier which is a 10 miscible omconpatible naterla*

an,eﬂhanced reactive material-retaining capability to aid extruded plastlc

t UDSw 2. A shock wave conductor according.to claim1l wherein said plastic
tube conprises a linearly oriented polyi¥¢£h§erein the 15 polynmer is
orientable substantially by cold drawing following nelt consolidation of

me ext‘rud._eg twlbelo'»z.enefgyhanbcwawev?om&tmfﬁt@@C@qsxdbflﬂsiﬁgcIa{ni réxlcdzardhgd
erein sai. ol ymer,resin-is.in e rm.o cont i nuous trix and the
modi fier i°¢ ‘%/‘f%jc’& eda?-ﬂe{‘ﬁé%aﬁai& %@%r%ﬁl‘? h‘éPgF—t Hg(i ing, & gnner
_gLeatEr cenrddcatcoatad wathl hnpattmﬁﬁkatb(if&@@iveb?nEBQEth&1d§td¥¥@%9f
the matri 4 o) ording. to ¢ el n sail
nodi fi er %3 o] ég% f@ gaﬁ?%oﬁ%?é g&% éﬁ%ﬁ? ?I%?ﬁFgE%F%ﬁI % he
matri Xx. 2$OmQ9enedus Léndaoe aomaucmommnnnncbﬁgatdrawaounémMahmsr1sald
particl es ed§3ffr' 18cR1AE: afequat e HC NS HODEHELAL a%%%ggf{bg
ereln sal e atios

claim4 em1n1crons I'n | eng hoWt R
of from aBFPPeF tieboand 13 Binent emoamng:ﬂ: ree mmfaarswhsch 13 a A shock

wav ey §0ndwG s FIGe Qi é‘&ﬁé&tﬁb@é%ﬁ%@ﬁ%} Qﬁhzﬁ, mPﬁ'éHErah RAGRAU4 at ed

in segregated zones I n e matrix ware o according to
any one ofe@CHi%e makerizheretainangpsapadikidsy nto E%ld. sx§"n§m ng

pol ymer .- @1asﬂiéﬁgu$emave conductor according to any one of clains 1 35

to 8 wheregin tqg ol resin i,s an addition, pol condensat.i on

peLyner h&vi ng éﬁRY%IF9n¢Pﬁ§QF REGFFRBD g%d%k%bﬂelstﬁéﬁﬂﬁesald
optional | pliagitdio upimsl dompeises at ainhedrd/yorosidistéd ulwﬂ grf Wherisdfalthe
addi Fon BOIYREE 18 EERgERBL e HREAR AR b DY (R G fEFavERS ARGt Ay e
conductormed&om@nprIﬁ&ifbm1GfOtheléxmrﬁaedﬁr&bélthe addi tion pol ynmer
conprlses3a CO&PG@%%k wa ehgggauctor according to claim 1 or 2 wherein
said polymer resin is in the form of a continuous matrix and
the modifier is distributed in the matrix polymer such that it
20 has a greater concentration at said inner surface of the tube
than in the body of the matrix.
4. A shock wave conductor according to claim 3 wherein said
modifier is present as non-contiguous particles or fibrils
within the matrix.

\y/zs 5. - A shock wave conductor according to claim 4 wherein said
particles are about 5 K in size.
6. A shock wave conductor according to claim 4 wherein said

fibrils are a few microns in length ‘with aspect ratios of from
about 6 to about 10 oriented along the tube axis.

7. A shock wave conductor according to claim 3 wherein said
modifier is concentrated in segregated zones in the matrix.

8. A shock wave conductor according to any one of claims 1
to 7 wherein the polymer resin is a fibre forming polymer.

9. A shock wave conductor according to any one of claims 1
to 8 wherein the polymer resin is an addition polymer or
condensation polymer having a substantially linear hydrocarbon
backbone structure optionally interrupted by'hetero atoms
and/or substituted by functional groups.

10. A shock wave conductor according to claim 9 wherein the

Q)
(o

1§
u



th a substituted olefin nonomer. 5 12.. A shock wave

rﬁmﬂ mﬁ ﬂ ";nyto cl al m 9 wherein the condensation polyner .is a ’
yester Lor ma pol de. A shock w&¥e conductor according to any one

of the precedi ng cl ai ns mhereln said nodifier is a polyner or copol yner

resin or é&ﬁf&i@ﬂeboﬁ9h§QUE@’dMydmﬁolﬁifnlhbmobﬁlymbt oA ct@ekymere .
conductor according to claim13 erein_ th % ftl e e%e& eglgi il
i ononers, 5%thy$eﬁEP§5rVFV@ £on¢ %558?95& y ene %hacry i & aci d
(E:\/A)tﬁolaﬂté/faiﬁ tRel wagqahuion e:stﬁbymél' Bompotigest @dloamlmw' ethylene
pol yet hyl ene

PE _\\4x)., , .
gl ycol s (PP@D %iﬁ?%eﬁ&e\ﬂ) wp]%% uﬁggf'gléﬁé%évilb%? cht%r (ra?pykggenIS
mg: eld{nhs;epz pol xpgﬁbygke:wayep(ﬂqmm:yﬂ:@m aecordpoigy t&brﬂgﬂlm d2 M?ﬁélﬁefrhﬁs
pol ye ene.imn su ne or Kk
conduct)c/)r %@%’f’ﬁ?ﬁ&"f‘o"g’ﬁgﬂr}% %@fg@?{??%@e%%‘z‘"% cﬁ]?‘il é}ﬂ?&]@cel \ggt/gd from
et hyl ene/®8ry| Acshock (WBAK) TUpPRTPOY saceeRfiage/ fRtae r9Be cohckRe(EMy)
copol yme géfgégﬁiﬂgr %'1'a§.ﬁﬁ]'vﬁﬂé¥@{:§ éﬁ'f&eﬁf)dﬂf@.erﬁ ihae kpd\@yxﬁeﬁoeeluct or

accordin e preceding clains r|S|n a .agount of a
pol ymer ocoR6lymespaiesiar ARsish %)rl@rfﬁiismpllﬁlﬁ ﬁ\qgm ble in

or qopatiple W LR GAVd YUAECHP! YERbIEIS Lt”tﬁd::l/thixﬁhlB nwneremeltthe

strength and alds e extruston.  17. A shock ve C nducior ace rdlng

to cla|num@iwﬁeﬁelnstﬁ@lﬁﬂﬁe%tﬁﬁmﬁthPBQWPE?vo@q RE R ESTHR Fgl el ect ed
from 30 g 5 Ry %%wymersaceéﬁtﬂé@e%émee:qumm&tht ebpyllgmens t h

o o ebo b ang e 1onay AR h (B 176l Adifias Ay, ORREERILRS U0P,
of Updto w%z@snw:onﬁw)er SEILPE Ehbehe ga!irconsa (PEGShop@lmveopad@@@t or
15 06 60 RhTEene (ERS) . LYo dd O h R i § P EIALY | BRAO!
clainms 1 fﬁbﬁ%rwhﬂb%ﬂhtfmarwiﬁisad pslwpnnpxﬂana zwohgagevlpmlgf QK shock
nave conduc %rggg% amlégté%fﬂg ?gglgg CB@f?Eéhylene imine, sulphone or
phosphonate resins. :
15. A shock wave conductor according to claim 13 wherein the
20 modifier is selected from ethylene/acrylic acid (EAA)
copolymers, ethylene/methacrylic.acid (EMA) copolymers or
neutralised ionomers thereof. :
16. A shock wave conductor: accordlng to any one of the
preceding claims comprising a minor amount:of_a polymer or
25 copolymer resin or cross-linking agent which is miscible in or
compatible with said orientable polymer resin and which v
imparts melt strength-and aids in tube extrusion.
17. A shock wave conductor ac¢ordiﬁg_to claim 16 wherein the
melt strength/extrusion improving resin is selected from
30 ethylene/vinyl acetate copolYmers-or copolymers of ethylene
with lower alkyl esters of acrylic or methacrylic acid.
18. A shock wave tube according to any one of claims 1 to 17
inclusive having a tensile strength of\x?-+5 170 newtons.
per square metre. _
Z5 19. A shock wave conductor according to any one of claims 1
to 18 wherein the coreload is from about 15 to 60 mg.m~ 1.
20. A shock wave conductor according to any one of claims 1
to 19 wherein the coreload is up to about 20 mg.m‘l.
. 21. A shock wave conductor according to any one of claims 1



* C L M. S * to 20 wherein the tube has di rrens:lmmmuummmuml
to 3..3 MM O. D. and about 1.3 nm|.D. 22. A shock wave cond 4 LL o !
y

to any one of clainms 1 to 21 wherein the fube is treated external ly wth

agents to 5 i nprove resistance to water=Tand/or oil. 23. A shock wave
condyctor substantially as described herein with reference to Exanples |
to XXX andt@s29| vhereinedhien tuibe dasnidigeenPiond oét fizdmof2 .5 dutuc3 1Y mm

shock wavey gondyghospaateChaismigh $0p. in any of clains 1 to 23, which nethod
conprises the steps of exfruding a nmelt of the blended constituents of the
pl astic tube t hhoBRACK WRYe sopfiustay @qeprxdbngotm snYaons of wlldioms t Libe

whi | e di st#d e ti td ' | e liqad i
length on t hgzj% nngﬁfggﬁl It?)&f% gg':yggt % C%kﬂ%ﬁ%géﬁnérﬁ?% g gl% ela%%na‘ﬁnn%‘)t he
sai d £hi cltRTPERY FBHESEBNLEr Foa Wad@H iaRd/ QF addihg point by cold draw ng,

to increass ! heatsheckenavee conaerdidy suiliEentg] i Qs“’abkcﬂiﬁ‘éﬁ‘ﬁﬁfr
I al . .

to reduce tﬂﬁ?cor | oad per gplt Iengtgfﬁ the said reactive nmaterial

A net hod dECH of FHSFBRERarM SXBMRHES T4 P pFehddRA28S 1ddMstinatas sin the
conpri se wWrawiddgsqy by weight of said surface property nodifying pol yner or
copol yner ., 26. nmerhod accordi.ng.to Caim 25, wherein.,the said pal yolefin
resinis gqlz‘ow erH%H}? pBEyEFﬁ'ﬁugﬁ'&g §ais&1‘?ﬁ%§c‘1'$Y% 8?“98&%8& BiSe C&rﬁl‘;ﬂﬁﬂ
resi ACi s dam eyl efieclanms acebas 2wvhictomeyhed eoslpsasessithieacrgyoOpsfty

o110 e e % RESLVEE! 5B SBHADE A TERRELYLEC o869 1@
subst ant i #ube athreughndevide desuliaredis tin reherform o6 shehi@k walled
dami NgS. tybe while distributing reactive energetic material in a core
load per unit length on the inner wall of said thick walled
15 tube and elongating the said thick walled tube to form a
localised drawing point by cold drawing, to increase the tube
tensile strength, reduce the said wall thickness and to reduce
the core load per unit length of the said reactive material.
25. A method according to claim 24 wherein the blended
20 constituents comprise up to 10%, by weight of said surface
property modifying polymer or copolymer.
26. A method according to Claim 25, wherein the said
polyolefin resin is a low density polyethylene, said miscible
or compatible polymer resin is an ethylene vinyl acetate
U 25 copolymer and said surface property modifying resin is a
copolymer of ethylene with methacrylic or acrylic acid or an
ionomer thereof. )
27. A method of producing a shock wave conductor
substantially as hereinbefore described with reference to the
te drawings.

-




