Low Energy Fuse This invention relates to a | ow energy fus@ & <tte™type
conprising tubing having a coating of reaktive conposition (usually a
shock- di sl odgabl e unconsol i dated m xture of particles) on the inner wall

t hereof for propagating a shock wave al ong the tube..Low energy fuses or
'shock wave conductors' coupled.éw Enetremt dnesels or del ay detonators are
well known in the field of blasting and are popular alternatives to

el ectric detonator systens. In use, the free end of the tubing of the fuse
is attached Thigninvertion meilaltes ditv dclaw enexgy cfusechfr dhealckype or
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nunberipf reagtive cogpoz&tionsdggg be used mﬁthig§:§§1I0m1ener fuse

t ubi ng INEraRkARSPESs Frdalay LS | T8 Y& PEININREKE Hv,  TNT,
di ni t r deitdd voLablasttiaig yaAndaattei poplart, §58ethatdlves ntomededtmi@ssi um
di chro i 8¢l Al tho t W r

su t ab P rr et BEetus. | 1HOHER | R BRI CHRIRLISE () e
i n i nf therdinse aisoaftacheduth an fiaitiatorowhighaigith beeagontrary .

only eﬁiﬁéﬂf@é 478K Fﬁ%@ic&mbgq4K3%h£@S§EQﬁ%f¥rdéﬁoﬁﬁ%k&% of safetyg
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ar d : can be entered
n the initiator is fired, a shock wave is transmitted

along the tubing driven by the rapid chemical reaction and
detonation of the reactive material coating on the inner

on a |

surface thereof. :
Typical examples of low energy fuses of the type

- aforesaid are described inter alia in the following patents:
Us 3,590,739, US 4,290,366, US 4,607,573, US 4,660,474, GB
2,027,176 and GB 2,152,643. A low enerqgy fuse of the type
is also available commercially under the trade mark 'Nonel'.
A number of reactive compositions can be used within the low
energy fuse tubing, for example in US 3,590,739 there is

suggested PETN, RDX, HMX, TNT, dinitroethylurea, or tetryl, {; |
and in U.S. 4,660,474 aluminium and potassium dichromate are ~
disclosed.

Although these known low energy fuses are suitable for
blasting in an open environment, they are not suitable for
use in inflammable atmospheres such as found in. coal mines.
On the contrary only explosives and accessories which have
passed a strict series of safety tests (the standards of
which vary from country to country) can be entered on a list
of 'permitted items' for use in mines and other inflammable
atmospheres.

It is an object of the present invention to provide a
low energy fuse which is safer for use in an inflammable or
incendive atmosphere.



of. "permtted itenms' for use in mnes and ot her inflanmabl e at nospheres. It
is an object of the present invention to eiovide a |l ow energy fuse which is
safer for use’'in an inflammable or incendive atnosphere. 2 1t is a
further object of the invention to provide a | ow energy fuse which wll
qualify for use in incendive or inflamuable atnospheres to the satisfaction
of the regul at or triig riy furtHaer tpbiecicedr thaginvenatfionstoafusntidg ahe
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intimate admixture therewith, the gas generating solid being
! a material that decomposes thermally at a temperature below’
(> 1000°C and 1 atmosphere pressure. '

A further aspect of the invention comprises the use of
a'gas generating non-explosive particulate solid as '
disclosed herein in intimate admixture with a particulate
secondary high explosive as a coating on the inner wall of a
low energy shock tube to render safer the fuse for use in an
inflammable or incendive atmosphere.

| Thus a low energy fuse of lower incendivity is
obtainable by a method comprising, providing a tubing, and
forming on the inner wall of the tubing a reactive coating
being substantially free of a metal or quasi metal fuel and
including a particulate secondary high explosive in intimate
K./ admixture therewith, the gas geﬁerating.solid being a

material that decomposes thermally at a temperature below
1000°C and one atmosphere preSSure. _

The propagating reaction of a low energy fuse can be
controlled by using said gas generating solid. Its presence
may lower the VOD of the reaction (relative to that when
secondary high explosive alone is used) and may
significantly lower the sensible thermal energy released by

g the reaction. As a result the low energy fuse is safer to
use in inflammable atmospheres'and suitably formulated can
meet the standards of the durrent permitted electric
detonator tests set by the UK authorities when fired with _
the fuse end open to the test incendive atmosphere.
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bei ng substantially free of a netal or quasi netal fuel and including a g
particul ate secondary high explosive izn intimte adm xture therewth, the
gas generating solid being a materi-al that deconposes thernally at a
tenperature below [err] and one atnosphere pressure. The propagating -
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The particle size of the gas generatlng solid can vary

within fairly wide limits but its upper 11m1t is generally 5-'
constrained by the process of dep051t1ng it within the tube
and therefore will generally be below 60 microns. For the
secondary high- explosive, particle sizes of about 10 to 40
microns, typically as found in conventlonal low energy

fuses, are suitable. ' ' _

By the term secondary high exp1051ve we mean molecular
explosives which will generally require a prlmary charge to
detonate them and typical examples are |
pentraerythritoltetranitrate (PETN), cyclotrlmethylene-
tritetryl (RDX), cyc1otetramethylenetetranltramlne (HMX) ,
tetryl trinitrotoluene (TNT), d1n1troethyl urea, or _ L.
mlxtures of these compounds. It will be noted that these” o o/
explosives are either oxygen balanced or at least not

critically oxygen def1c1ent.

Typically a VOD in the shock tube of below 1800ms -1,
preferably below 1600ms’ -1 is advantageous. a 51gn1f1cant

- presence of a metal or quasi metal in the system with the

air or released oxygen in the tube 1S unde51rab1e for use in
an inflammable atmosphere, not least because_of_the high
thermal energy that would be generated'and'thetformation gf]
sintered agglomerates offhigh temperature and heat capacity.
Very desirably reactive metals or quasi metals (e.g. Al or
Si or Sb) are totally absent. g

Although the molar ratio of the secondary hlgh



mnthln fairly wide limts but its upper |n1t I's general ly constrained by
the process of depositing it within the tubg and therefore will generally
be bel ow 60 m crons. For the secondary hi gh expl osive, particle sizes of
about 10 to 40 microns, typically as found in conventional |ow energy
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the aforementioned US and UK patents such as for different
methods of achieving adherence of the reactive coating, for
manufacture of the tubing, and for locating the reactlve
coating within the tublng.

The examples of low energy fuses described hereinafter
are evaluated with regard to the electric detonator
permitted tests of the United Kingdom authorities, being the
closest relevant reference standard.

g | The practical conditions under which explosives ignite
o a flammable atmosphere such as coal dust or a methane/alr_
mixture are difficult to establish with any degree of
certainty and the normal way of assessing the safety of an
- ‘explosive or detonator intended for use in a coal mine is by
_ a series of gallery tests. Details of UK gallery_tests'are
contained in Testing Memoranda published by the Health and
safety Executive, Buxton. '
The fuses of the following examples were introduced
into the tubular receivers of the test gallery as if the .
main tube length were a pair of electric leads and the end
portion of the inserted length of tube were an electric
detonator. The end of the tube is open to the gallery'
incendive atmosphere and the open tube end was positioned at
g the point where the base charge of an electric detonator
! would be situated. The testing of an open tube not coupled
with a detonator is a "worst case" testing as if the tube
were to be pulled from the detonator or burst along its

w



exanpl es hereinafter. The core |oading of the reactive coating.can, again bé
variable, being limted to about |5[erg] at its |lower end for acceptable
and reliable shock propagation and about 40[err] at its upper end to’

pr event the tube splitting. The reactive coating nmust be able to propagate
al on full Iength of .the fuse tubing and adhere suff|C|entIy toits.
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coat exgmpilelsi.n t he tubi ng. The exanpl es of | ow energy fuses described .
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In one hundred successful firings no 1gn1tlons of the
incendlve atmosphere occurred. o

Further examples were carried out u51ng various
materials as shown in table 1. The results of the flrlngs
are summarised in this table (including that qf;examp;e,l).
The tubes were loaded with mixed powders by either | _
aspiration of the prefformed tube or pdwder introduétidn'-
during tube melt extrusion and comsolidation. - = T



woul d be situated. The testing of an open tube not coupled with a detonator:
is a "worst case" testing as if the tube were to be pulled fromthe
detonator or burst along its 5 length. The invention will now be
described by way of illustration only, with reference to the acconpanying
exanpl es. Exanple 1 A |low energy fuse wad produced by adding a m xture of
HW (particle size about 10 to 40 mcrons) and [err] (particle size |less
than 60 nmicrons) in a weight #atio of 3:2, in a manner. known per se in the
art, to the inner surface of a 1.5 nmm1.D. tubing made of Surlyn (a trade
nark of Du Pont). The core |oad per linear netre was about 30 ng.(but this
could vary for the present exanpl es between about 15 to 40 ngn) and the
tube | epgth was typically about 5 netres. In one hundred successful firings
no |gﬂ|&g§gs of the incendive atnosphere occurred. Exanples 2 to 9 Further
exanpl es re carried out using various materials as shown in table 1. The
results of the firings are summarised in this table (including.that of
exanpl e 1). The tubes were | oaded with m xed powders by either aspiration
of the pre-forned tube or powder |ntroduct|on during tube nelt extrusion
and consolldatlon : :
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[err] 7 The results show that the addition of gas generating solids to *
t he secondary hi gh expl osive, typi cal% y netal oxides and azides, with |ow
to internedi ate deconposition tenperatures (< [err] at 1 atnosphere) |owers .
the incendivity of the resultant fuse in the absence of netal/quasi netal
fuels. It will be appreciated that although the exanples reference
per i t t eBheegteswits hshok tihakothe @ddition gEngasngeneratingtiricted to

fusgs1 7RS! iedf) QY S0EGRAhEY mﬁ&gﬁ“‘é&ﬂo’@ﬁé' teybichYly ddiayy general ly

-provi es a | ow energy i s .safer to,Use than prior art fuses in an
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pr egeperARitidPN( & S1600PcCcak! a4 hétévalbﬁaﬁswehee normal shock tubes
or Iow enerqy tubes coul.d be use ann]e_ga‘[—‘é ar adva% ages of the : p
| nvéﬂFFBﬁly?‘é:x RF oPR® rasnt tan e duss, ARPBRBFS Rlendi vity.,  \Ge. .
CLAw&Bal/quad Duet®I gfuélige conprising tubing having a coating of a*
reactive_gco ton_on the er, er atl ng :a shock vvave_,,_-ﬂ
al ong thé:%[ H‘&ﬁg b%h%?%’&?‘é?‘??& |WV\%1££Y%%S% %Bﬁvg&%ﬁl s -
subpéfieriende/ gemeitted tests of the UK authorltles, the S .

invention is not restrlcted to fuses meet:.ng any specn.f:.c _

non-xncendlve crlterla but rather generally provides a 1ow

" energy fuse which is safer to use than prior art fuses 1n an

inflammable or incendlve atmosphere.' . O

It should also be noted that the: present 1nventzon is _\J_
applicable to most 31tuatlons where normal shock tubes or
low energy tubes could be used, and particular advantages of
the invention are improved static res1stance, andﬁlower_
incendivity. ' .



oF quaS| metal fuel and includes a partlculate secondary hi gh.explosive and

a gas genérating non- expl osive parti cul at g solid in agm mﬁ r

t he gas generating solid being a materi al that deconp H"EVI Ilumu a
tenperature below [err] and one atnosphere pressure.. 2.* A% oW efleryy fuse
as claimed in claiml wherein the gas generating solid generates oxygen or

ni trogen. 3CLAIMSy energy fuse as claimed in claim2 wherein the oxygen

generating sQlid 1w éfféladm OFhEe, cﬁﬁpﬂismngrahmngehabmgr eXictat iR} abf
per manganate or t.al perchl orate ger ating solidis a
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with a parti 0Si ve as the T'nner wal
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i nfl ammabl eg@helRGanl \WoPid0§PHEFStes oxygen or nitrogen.
' 3. A low energy fuse as claimed in claim 2 wherein the
-/ oxygen generating solid is a metal oxide, metal nitrate,

metal peroxide, metal permanganate or metal perchlorate, and
the nitrogen-generating solid is a metal azide. .
4. A low energy fuse as claimed in claim 3 wherein the
metal of the gas generating solid is an alkali metal or an
alkaline earth metal. :
5. A low energy fuse as claimed in claim 4 wherein the
generating solid is barium peroxide, barium nitrate,
potassium permanganate, potassium perchlorate, or sodium

; azide. _
6. A low energy fuse as claimed in any one of the preceding
claims wherein the molar ratio of the secondary high

_ L explosive to gas generating solid is 9:2 to 1:3. '

! 7. A low energy fuse substantially as described in any one

| of examples 1 to 5.

8. Use of a gas generatihg non-explosive particulate solid

which decomposes thermally at a temperature below 1000°C and

one atmosphere pressure, in intimate admixture with a

particulate secondary high explosive as a coating on the

inner wall of a low energy shock tube to render safer the

use of the fuse in an inflammable or incendive atmosphere.




