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APCI 06880 EPC (P15149EP) As filed - April 2007 A
THERM C LANCE The present invention relates to thermc
| ances and the use thereof, particularly as
fireworks. 5 Thermic | ances were devel oped foll ow ng

Achh%s%SCr%'?:d pl\{s\Q4al->% War as a means by which gun
§m0§u rine pens and other |arge concrete

structures coul d be broken up or denvolished quickly

and conveniently. 10§C¥ﬁﬁﬁﬁié”LANbE? therm c | ance

usual Iy involves fe | ecul ar oxygen
through a length of steel tube, the tip of which has

PG RN RS e

uséatrt@@ré@ffqramtatcsil&qltyhats Esrewehksn |ron oxi des. The
sl ag produced is very hot and very fluid thus enabling
the lance to be used as a cutting and/or boring too

Thernd e ofardlead vde%ea%%'v%tlgﬂeayféh?or)l?ﬂl@otlﬂé/ cddie
gas and the vapours expelled withinit. 20 The | ance

Workd amlds padead vt Whéchebupogspsaesmenad, FHEFH D
pelguf%u{c?.noé xﬁ agﬁg[é 'c%rﬁcQ‘%EgaggguEE??%Qrc%’ Pc!irtge broken up

i Cien concrete ting point of
or wherodl 1 sisedetwiedl y180@ ton2BOOENtand/ or ferrous or non
ferrous 25 netals. The heat output of a |ance may be

i ncreased by adding al um ni um and/ or magnesiumto the

pachpereht iraldera dhreas nameebﬁeﬁapapkﬁdvd\i\té‘s aCeradJJng
of sheet_steel in place  of steel rods. qL
JagpRHi TOeFET YR Chaergh; A, lepgthex n%ﬁ%?

i MS A 3004 19 { BrandenheargekenPHBhisheds w&a&ustion

temperature. The oxygen combines with the iron in the steel
of the lance to form a slag that is rich in iron oxides.

The slag produced is very hot and very fluid thus enabling
the lance to be used as a cutting and/or boring tool. The
flow of slag is assisted by the velocity of the gas and the

vapours expelled within it.

The lance is usually packed with steel rods such that
the ratio of iron to oxygen is increased thus providing
sufficient heat to melt concrete (the melting point of which
is between 1800 to 2500°C) and/or ferrous or non ferrous
metals. The heat output of a lance may be increased by
adding aluminium and/or magnesium to the packing. Smaller
lances have been packed with a roll of sheet steel in place

of steel rods.

Examples of thermic lances are disclosed in, for

example, US-A-3570419 (Brandenberger; published 1971),
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-1 APCI 06880 EPC (P15149EP) As filed - April 2007
US- A- 3738288 (Brandenberger; published 1973) and GB- A-
2151530 (Partington; published 1985) A therm c | ance
is usually ignited by heating the tip 5 of the |ance

0 [ tenperature using an oxy- acetylene
:zcégfﬁ;é? 5%;??%3%%} al so be heated to the required
tenperature by shorting the tip over a car battery.

Ept y Iog}gfeﬁeeq}g% . i f t h
Ust%egf%%%%@ foBr onot i ng ug}'o%ﬁ)aéggtgﬁéal gl%gg) t%gé %—2&'—9
2160pdUst Parnt Fressin ;opuk( lissiegle 1 P8SUpporti ng and wil |

continue until either the flow of oxygen is stopped

or all of the fuel fromsteel has been consuned. The
| ansethésrld Ian@bviousiualagnsgaededuby Ngeaopey athercip

15 The use of an oxy-acetylene torch or a car battery

ofi phej Jg‘?‘ﬁ"f% ti%é:}}earﬁoé“kﬁuss’:ﬁ(?f’ HEEBSEEFIFG LOHMNRMARMXY h
ac@t%leﬁérﬁb¥@ﬁfﬂuﬁﬁé dip Q¢ bi1aB, bbheedt8aOfo fied BaffiSred
with an oxy-acetylene torch is potenti al I%/ danger ous.
temperabwee bY gHQ@rinpubde 540" PVET) apFaE Rt amst r HiEIPT

wagbeesﬁ%g r8d\C&3 20, Y cRas K‘_‘éﬁntH?XﬁéHp@ﬁe BParce
afer way to ignite thermc |ances. The process
promebinesfudonises: dfhea leauoee tWpck Zhd gqombuasicEon greacyion

. _Tub nce lit, the Lance Wck _snoul ders .slo The

5 SREE PUSRTRCAIE GG NG CPTCARRE RACt et CRTb TR oy

of WbR¥gées Db ageshbpdd tdie sSanefpedet fasl Exygestgab 12Es ilseen
fed through the | ance at | ow pressure and the_w ck,

Conpyped - iﬂ?% YangRe 1<';Fr?dﬂ1'fgr"rist e VPHBSEYTC?]&%%‘P‘eq‘&u‘-TH}%e

opksafP¥gd into the LIT tube and the oxygen gas flow
increased to cause a fierce flame which heats up the
end of the |lance to the point of ignition. 30

The use of an oxy-acetylene torch or a car battery to
ignite the lance is not necessarily convenient in all
circumstances. In addition, the use of fuel gases with an
oxy-acetylene torch is potentially dangerous. The Lance
Igniter Tube (or “LIT”) process (Australian Thermic Lance
Company) has been developed as a safer way to ignite thermic
lances. The process involves the use of a Lance Wick and a
Lance Igniter Tube. Once lit, the Lance Wick smoulders
slowly. The lance is placed over the LIT tube and the
smouldering wick is placed in the same position. Oxygen gas
is fed through the lance at low pressure and the wick flares
into flame and ignites the LIT tube. The lance is moved
into the LIT tube and the oxygen gas flow increased to cause
a fierce flame which heats up the end of the lance to the

point of ignition.
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-2 APCI 06880 EPC (P15149EP) As filed - April 2007
Ignition of a thermc |lance using the LIT process
requires two people and, thus, is not convenient if a
second person is not available. 5 US-A-4055332
c%SM§SQQ%m %%E ég d 1977) discloses a thermc |ance

§M&ﬁg;$r91%§%bc |gn|ter unit for igniting the tip of
| ance. The plastic igniter unit is ignited using

Setyded ¥ 't%'ﬁnae' €ahg81 Lk oRy et BEeT SUCas an

eIe ric match or an electric ngﬂ% The Iance S
reqyiieedwo H%Dp]-@ﬂaﬂdng thhe,i §ai net eemvenient fifow @fecond
en_ thr.ou Iance US- A- 5622672 (Swick et a

pers% §%eéﬁi§%gﬁ scloses a thermc |ance having a
chen1ca| igniter un|t for igniting 15 the tip of the

I Th t | ed ph
ot 8 A G SRR aRRauBg i GAPE b T A e @

thOXYIE M ardte Hiing & plakeed byniber!ante fhen irdigly the
agai nst a hard surface and the |ance is ignited by

tip Heh thasianss ox Jgen PLREShGhIgREt PANRRLL 25 ignited using
an L@I&f‘xgl%ll%/ (Brandivie Q%QEE%Bﬁdei&ggﬁt di sl 0se P

thermc lance having a chemcal igniter unit which is
elect ot ematm’rdeqr tele epreessiresafiibxygéne IHrecd g tignited

un t des a .primer .conposi '
oy (s P S S PR SOTROST LD, 4 Boyddfnroug cne
laEM@IOSIve which is used as a prinmer. Africtiona

el ement such as a wire spring is enbedded within the

prinmer. A flow of oxygen through the |ance causes the

friggionadsedemeniitck ke BIowauBY sRédthes7 Prdidiloses a
theregég}gnltlng the prinmer ich in turn ignites the

theynig | FaftCe SN PorhgRdcahehIRhEST afett for igniting

the tip of the lance. The unit is sealed and contains a
pyrophoric material which spontaneously ignites in a flow of
oxygen. The unit is pierced by the lance when struck
against a hard surface and the lance is ignited by then

passing oxygen through the lance.

US-A-4915618 (Brandin; published 1990) discloses a
thermic lance having a chemical igniter unit which is
actuated under the pressure of oxygen. The igniter unit
includes a primer composition (e.g. iron thermite) and a
friction sensitive primary explosive which is used as a
primer. A frictional element such as a wire spring is
embedded within the primer. A flow of oxygen through the
lance causes the frictional element to be blown out of the
primer thereby igniting the primer which in turn ignites the

primer composition and then the lance.
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-3 APCI 06880 EPC (P15149EP) As filed - April 2007
The | ances of US-A-5622672 and US- A-4915618 have
particul ar application for underwater use. Cbjectives
of preferred enbodi ments of the present 5 invention

APCEhggs%f oipeC 55%'151'9& providing a thermc |ance that may

As afely, nore sinply and nore
convenlentﬂy by one person; and providing a thermc

'anfﬁetﬂ?r&c%@ O8d %nls%%gspﬁogha §§£94§’Jr§éfé1%v§ g.

renotely Convent i ona I rewor ks 1 nvolve the use of
padahgel ot sapp lexy oginy € candntiexive t eat eseéal s.  For

exanple, the primary explosive in a firework is

usual ly bl ack powder which is a well known m xture of

chaolpedtivad foff paRd cpetdssmnboubineénhas o Sthe present
particul ar proportions. The products from expl odi ng
1nB?%EkQ%09Rﬁﬁeﬁ9ﬁﬁlhﬂ?%yﬁﬁke pol | utant gases such as

Sul by i & i & 1R6h130diandeaRtaBOhAS Shel M dise dMhide

can destroy or sicken non-salt tolerant plants. In
saé@lblyt iTepre tsrﬂenmlm cndamoge icAnHenieBhbYy KbY song rgysen; and

0%!%9\‘?%{1%/ (&hq.'%%%ﬁétaﬁgé'%e P& I‘tlb M A a

are &%ual y i toxic j ective
sabeé @nsﬁanqﬁmieﬂgxxhamQMEiyof the present |nvent|on
therefore include providing a safer and 25 nore
conveni ent alternative to conventional fireworks. The

| nvesh-esntt Bl d 1S &l ridwirkishe nybover thé ispasksdangerous,
produced by a therm c | ance in use is aesthetical
eXBi%%%Y%an HPXih P tegdpiléyes FQTt REFAPLE | ante Primary

expl &l efably 5ut:allor3q smdibied, bPLeN| §88dér Skiiablies a
substitute for certain forns of conventional flremork

wel hckpemgniftoing @ifn'chaggoager pulfur and potassium nitrate
in particular proportions. The products from exploding

black powder include smoke, pollutant gases such as sulfur
dioxide and sodium and potassium ions which can destroy or
sicken non-salt tolerant plants. In addition, the
colouration in a firework is usually provided by metal
chlorates and/or perchlorates which are usually highly

toxic.

A further objective of preferred embodiments of the
present invention therefore include providing a safer and

more convenient alternative to conventional fireworks.

The Inventor realised that the shower of “sparks”
produced by a thermic lance in use is aesthetically pleasing
and, thus, believes a thermic lance, preferably suitably
modified, provides a suitable substitute for certain forms
of conventional firework including “fountain” and “gerb”

fireworks. The Inventor also realised that the current
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fireworks. The Inventor also realised that the current
-4 APCI 06880 EPC (P15149EP) As filed - April 2007
nodes of ignition of conventional therm c |ances could
be inproved so they are suitable for use with a

apdcNEL AT, E&@ngﬁ”A£é$emnrk Current ignition nodes often
Askgﬁggl qyr %§ of a fuel gas and, thus, are

potentla angerous 5 The I nventor has observed

mo&g oPl iéfb fﬂ'éﬂ€§n%qgnal'9h8€é &Ci%ﬁ%es could be

yur ethane and pol ystyrene, use I gnit
1mphev¢drﬁqﬁtheylﬁﬂansultabde fArpuastwcthusethmmmiﬁalance

nited | awer_electric nmean
eirditEy Tourhe B oronoRes SPHREr e PRt Bee of o
fuévedd cindashul sm\eemehhabllguaangsm@é y, the
pl astics material nmay also be ignited by friction. In
this way, controllable and reliable ignition of a

thefig Crd A& Tk PR ek RKRednaE OPYEEE €84 | ifa tr M and,
person froma renote |ocation. The 15 Inventor has

ingpaet Hrskvve el iurstt heagpead gaLYEbrrese, SUAY iks e#ﬂelcy to
1g§§£é a@l{ Jgé: Corg‘%@rﬁu'c GRcLO bg f&gt%f‘é fise ma

| F ewor ng to a |rst aspect of the pres nt
ignvedtusing Ry tdeevrer ied eprovcdédmeses odnd therigrited

k., Th i d
Eup Rt el i B e 3 ARE HEeRFRCEo  BRSCHPRGTE T (s

diappréted i thn®s surfgriemeky , Achgpptabtitfenaieridneay
conpri ses an_conbustihl e netal outer tube having an
algRioantanyided MedErdiosrti o SRESaM@Ybut FRREENL 2Hle and

rePPAbION Gk 1dip RN RALkIABS 18hEe! Rafafe lddM eved
conmmuni cation along at |east one gas flow path.

congerreenN e ing wrciPearsogiodsrmust remcbeel ecrtedie fidie
Inb‘ér?té%.tl??é he o %%@Eove'x‘%\éeﬂhb‘anreﬁ&?é ef ghl ¥iodomever,

an 1gni on system or
sufficiently reliable for a thermlc lance to be used as a

firework.

According to a first aspect of the present invention,
there is provided use of a thermic lance as a firework. The
Inventor does not consider the design of the lance itself to
be critical to its application as a firework. A typical
thermic lance comprises an combustible metal outer tube
having an oxidant gas inlet end portion and an outlet end
portion and the end portions are in gas flow communication
along at least one gas flow path. Lances having such a
construction are suitable for use with the present
invention. Preferably, however, an ignition system or unit
is mounted at the outlet end portion of the outer tube.
Preferred ignition systems allow the lances to be ignited
reliably, controllably and remotely, e.g. a safe distance

from the lance outside the range of the sparks.

-5-
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is mounted at the outlet end portion of the outer
tube. 30 Preferred ignition systens allow the |ances
to be ignited reliably, controllably and renotely,

a safe distance fromthe |ance outside the range
Am%f%ﬁﬂs gf QaiAPCI 06880 EPC (P15149EP) As filed
As Fi ‘nvent or envi sages enbodi nents in
whi ¢ tﬁe |gn|t|on systemis nounted directly on the
outer end portion of the outer tube of the |ance.
However, such an 5 arrangenent is not essential. It is
suf Thei Emtenthart drhelsdgps tembodiyshem is wouoh echat or

. _nhear the outer. end rtjon. e term"near” nmeans a., .

1ot Bt ooy ST bt S B e e stog, S8 fhe "S8ter Fed Sk ion

of| BREeouddr | fulsn e e rdedilnerie,. t t{awbbetm gutange has an
electrical ignition unit conprising: a conbustible

arpRRGENRNE kP n%dﬁ%f—r@l@é{ ri &l 1|Sgﬁ}lf for1eyst Ehat orhe

1gh9€i5hngy§@ég {dsRunt e &l ¢t hieGrl gALt b@PetNéAd portion.
di scl osed 1 n US-A-4055322 (the 15 disclosure of “which

Thestensolperet ewedns & Wipranekeseitapliesieni tadl eonorer

un¥sec Ny %th@réﬁgﬂﬂ vention. The plastic fuse may be
made from any suitable plastics material. The plastic

fuse may be made solely or 20 predom nately froma

Phoc GRT CHIBHH et oty “hePTac dRRRe| FEEI € Sror ical

igent sehomnDf dsmgcidigps, and which burn (in a flow of
oxi dant gas, particularly nolecular oxygen gas) with
suf i ePEbiLs hidake (R} a%5ia £USke @Bfbustible netal of the

OUt £ o Pt S PrigrPialRl abls¥emt RELCY yéiﬁ |§b{&“fﬂse
of the wires that ~ may be provided withint fuse

Thesedepler by 1918 tgblun il sdésicdosadt eni HSsAb%J%%%i ttehe

diggiosﬁpe of which is incorporated herein by reference) is

suitable for use in the present invention.

The plastic fuse may be made from any suitable plastics
material. The plastic fuse may be made solely or
predominately from a plastics material. Suitable plastics
materials are those which burn “cleanly”, i.e. with little
or no emission of toxic fumes, and which burn (in a flow of
oxidant gas, particularly molecular oxygen gas) with
sufficient heat to ignite the combustible metal of the outer
tube or, preferably, the combustible metal of the wires that

may be provided within the fuse (see below).

Suitable plastics materials burn “white hot” in
molecular oxygen, e.g. at a temperature of at least 1800°C,
usually over 2000°C and typically at about 2500°C. The
combustion temperature depends on the rate of flow of the

oxidant gas but it is usually no more than 3000°C.

-6-
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nol ecul ar oxygen, e.g. at a tenperature of at |east
1800C, 30 usually over 2000C and typically at about
2500C. The conbustion tenperature depends on the rate
of flow of the oxidant gas but it is usually no nore
h 000C., - 06880 EPC (P15149EP) As filed -
izég?ﬁs%; i( Sqr%pégps of suitable plastics materials are
selecte %ron1the group consi sting of pol yurethane;
pol yet hyl ene; pol ystyrene; and nylon although
pol yurethane is preferred 5 for the fuse. The plastic
f usBxasphes yoff lriierbleomicisséssampkaratlsyarefselected

cO stible nmetal, wi.res t endi n romthe fuse jnto
eG8TBE oo (e S o eRL VSRS et P o iRk e
poW & €grdille WMHd), nytIror Wlthduatl pollgleetBahéi oo pfetdrred

outer tube. The dianeter of the wires should be no
forprBetha®€3 nm e.g. wusually fromabout 1 nmto about

2 mm The plastic fuse is preferably tubular,

typically in 15 the formof a short (e.g. from about

1 cHie cbbddutc 1ugemjusyaddygt BustheregPBpPElpeast jplurality

t uhi ' = ¥l I t :
of HhBE  IELE e NB R S InglEk B ¥n £ S et
outgpetabe sui Tlab| @l ddtxiiongp firehebéussedghdteat tlae hwites

lastic fuse to the ouytlet _end of the outer tube. 20

anfifievt HEE o e enam hente ot RoSi RTks® o By ermhe
dighetér bPashe avipadd isHoudld blee nbubl-ar tphAst iemf usegi s

about the sane as (or even slightly smaller than if
uspadly uby ¢y #ROu s it PPONE SuBBr  di aneter of the

outer tube thereby providing a "friction fit" of the

plastic fuse over the 25 outlet end portion of the

out EhetpbRSt g HHfesiv®referpbdy hubvdahr ytyRieathechin

h i tq the e nyent qr

tnb Bl BL £ TR b Hfo 4 ppdle 1UANES B 10 em)
length of flexible plastic tubing, which may be mounted co-

axially at the outlet end portion of the outer tube.
Adhesive or any other type of suitable fixing may be used to
attach the plastic fuse to the outlet end of the outer tube.
However, in preferred embodiments, the inner diameter of at
least a portion of the tubular plastic fuse is about the
same as (or even slightly smaller than if the tubing is
resilient) the outer diameter of the outer tube thereby
providing a “friction fit” of the plastic fuse over the
outlet end portion of the outer tube. No adhesive is then

necessary to attach the plastic fuse to the tube.

The Inventor has discovered that ignition of the
thermic lance requires a reduced rate of flow of oxidant
gas, at least until ignition is fully established. The
reduced flow rate may be provided by careful adjustment of

the flow rate of the oxidant gas through the lance.

-7 -
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therm c | ance requires a reduced rate of flow of
oxidant 30 gas, at least until ignition is fully
established. The reduced flow rate may be provi ded by
careful adjustnent of the flow rate of the oxidant

a r nce. -7 APCI 06880 EPC (P15149EP)
5348% gﬁi?%g?é@%? Alternatively, the reduced flow

rate may be provided at least in part by at |east one

Alééfﬁgtg@é O§' W £ YU Red %ﬂ%mt PEEePRLY] ggdp@évi&@d at

outlet en ortion of the lance. The aperture(s) may
lepst provpatet bm dthel faste ope Earshegadt feowScemidrpbrt i on

th ter f 1 fuse e syred,

apigﬁtujf?oﬁ/#con r ol etap@r S)r e(llg% #@aﬁggg%ggt %r%g% )

Thaudperthrald)y maycrk&as;:mgrlﬂhd fihowhef foxée dantimgashe outlet
i%m@ou h the. l|lance. 10 T e or erture

en

1 Qa9 dd Dy U SkalHHoSpr of‘gEFg‘fﬁgﬁ% ag‘irl]sfl‘iE %i RS

coh&@ikd herhd Nelow Wdre®10hpe rtivBykar dptaspésré Ustereby
EfOVIded over the outlet end portion of the outer
au

oBet bpa¥rvmndeasing ther facw of PHéI®E| RS dryrough the
1ahbg outer tube itself. 15 The electrical ignition

system usual |y conprises: an electrical igniter

provided at least within ignition range of the fuse;

ne uc el eg| r t.Ln ter
Zoagjl%eéc%n caldl ca{os{}}‘?}ec 9 &13 ?’8%% ang B%n%gg%g% aa}ll
proiectitg bﬁt&ﬂe]my hﬁt&ieectfmomaltheg hhher awmﬂfsena dofnmns

0] uc;n electric current; and a tc
cuphar Db fREet ki Sy Tnger Gies: tBPcerr Tt Sl pafption of
thar euhé&r samle QheCﬂxrdnc alheCiihgkirt shiefaakdof Ofhé edut P& end
of the outer tube itself.

The electrical ignition system usually comprises:

an electrical igniter provided at least within ignition
range of the fuse;

means of producing electric current in said igniter;

electrical connections for providing an electrical
circuit between the electrical igniter and said means for
producing electric current; and

a switch for remotely controlling the flow of electric

current around said electrical circuit to said igniter.

The electrical igniter may be provided in contact with

the plastic fuse.

The electrical igniter is preferably a length of
NiChrome™ wire. “NiChrome™” is a nickel-chromium alloy with
high electrical resistance and an ability to withstand high

temperatures. The length of the NiChrome™ wire is usually

-8-
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The electrical igniter may be provided in contact with
the plastic fuse. The electrical igniter is preferably
a length of 30 N ChroneTMwire. "N ChromeTM' is a

ni ckel -chromumalloy with high electrical resistance

n it wi thstand high tenperatures. The
izﬁggﬁ%g ri[(%%%ﬁé%%r onmeTMw re is usually -8 APCI
06880 EPC (P15149EP) As filed - April 2007 from about
0 pref erab I
fraTQ .40 fd)%lrlf I:\%n.a@@ut R rﬁfn, #%e?@?é‘ﬁl}?oa%ﬁ 5 mm. In

enbodi nents 1 n ich the plast use Is t r, e.g.
embodFherts |iengtth obf thleapfleettigbéusehes | wpopleawnf e.g. a
Ni 0 M wir iis usually forned into.a.lgo el .
S ov S 1 s ThPes” 5181 henat Aert ARl Ry, wire
is pa@ssanyy fammid icitior anllpop. gndnprovbded t harcte fieweanps:
such as fromabout 1 A to about 3 A1 t hrough t he
Of NHER IRIARSTEM i fri8e -t h@WPRESIBEs2VEPY hot Xt HiErelfy 9+ 1

morNERANG they R istichuse. ABmagyaent agen ofo NiKdtone RV
wre is that it does not rust in the atnosphere, even
threughehn Hirdgwmes' sfiray nbbpheire PoF$ uleli S1otthehereby

igf EEig Ol IR ARY DeAANBLERLLE SRLAIPNGR Y ire
those used to 1 gnite conventiona rewor ks or nodel
isrookets: due=slredt mustmanchhesatbosphehe, st gfn &£hed

conventional nmatch .headl ng typically conprises a
PreorTd Odt(r)oagﬁm&Sp rl;gppg gﬁ ﬁflgg'oxi di zer/fuel m xture

with a very fine wire built in connected to two

robust connecting wires. On passing a snmall current

no T € 1GRHT sdu IPLASTL BBY BP el rFEetth Math Uy as

thbéSdi i3 Wd h giftdl RbnvBalgonal Nt 2Pe@dhiodi s nicad
whi ch the plastic fuse is tubular, e.g. a short
ro¢kefeR h dmn fleatrd a meecht he abeetrile nstzh 92 be

coﬁ@éﬁ@ ﬂrﬁé %%%%Fhﬁﬁ ?ggﬁggl aéééé?féggia-ggiid
means for producing the e tric urr t Is

droplet of rapid burning oxidizer/fuel mixture with a very

fine wire built in connected to two robust connecting wires.

On passing a small current, no more than about 1 A, the

electric match instantly ignites with a faint “bang”. In

embodiments in which the plastic fuse is tubular, e.g. a

short length of plastic tube, the electric match may be

provided in the interior of the plastic tube.

The means for producing the electric current is
preferably a battery, e.g. a 12 volt battery such as that

used in a car.

In another embodiment, the ignition unit is a friction
ignition system. The system disclosed in US-A-4915618 (the
disclosure of which is incorporated herein by reference) is
suitable. However, in a preferred embodiment, the system

comprises a rotor and a combustible housing. The housing

-9-
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25 preferably a battery, e.g. a 12 volt battery such
as that wused in a car. In another enbodi nent, the
ignition unit is a friction ignition system The
systen1disc|osed in US-A-4915618 (the 30 disclosure

of mh ch i c orated herein by reference) is
22%%2 BBI &c EI% 51\%%;13 in a preferred enbodi nent, the

system conprlses a rotor and a conbusti bl e hou5|ng

co%%§1$8§d% s f%fg% mé%ﬁ%@% Eglgggl§i68EggmmfﬁléééﬁﬁkNwith

nprises a gas inlé&t nounted
theoanumtch&asn1@mdlgaalﬂiGM'pathleasd @nelgastf¢mwvgﬁﬁl1
d at |ea one out | et housi def.i nes a
QB EE T oD B DAL Re T2l PHI BE G (e the
ga8Uiheé{ sand T&}% riPlouts etqent. edTheWrbBbA {Hem@astdd ow
gathmay for rotation within the housing, by a flaqw of
wi

Rigakle @as & iy Ratdvgas fProRepat haRy Wi vipen Bhe housing
by SHf 1 &l ek | UG fdfa@”aqfonejx'tﬁ@nbaga§18@5]§§§h\@éﬁng Wihe a

gas fl ow pathway of the housing, the rotor_rotates
sufgiaienely chlqrheflmusqfn@xwh@tegahepa@@@as akong) the gas

1 GRO e ol BB P O PREEF A T pe B o

theghoﬂesngheVﬂunnuaﬂmbhetbmuasngn Ebatabbuwim@ theen
Ef:%nltes the | ance, via,a plasti¢c fuse
ho

D oo S T s £oeheRh LReorofgh, et s diousie

prftbing theathomsi dH). 1 i e@astheOBBMBULE 0b1& hl@@@@ir@l € The
may be in contact wth the housing._In preferred

houRbed Heth signHfes (forlansea FarbRANBLAFERT nf9% Ut bi ne

prBeusing. Pelton wheel, axial or centrifugal flow
turbi nes can be used. 20 The conbusti bl e housi ng
preferably conprises a plastics material. The

plafﬁécéogggeﬂéﬁglffsHﬁ%y%!%%iﬁdhgm%ggs&ounting the rotor

within the housing. At least one end of the spindle may be
in contact with the housing. In preferred embodiments, the
rotor is a turbine within a turbine housing. Pelton wheel,

axial or centrifugal flow turbines can be used.

The combustible housing preferably comprises a plastics
material. The plastics material is usually a low cost
plastics material and may be selected from the same group of
materials as the fuse. Preferably, the material is

polystyrene.

The rotor may be made from a plastics material or a

metal.

The friction ignition system preferably comprises at
least one point of contact between the rotor and the

housing. In order to facilitate friction ignition, an
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plastics material and may be selected fromthe sane
group of materials as the fuse. Preferably, the
material is 25 polystyrene. The rotor may be made from
a plastics material or a netal. 30 The friction

Apépggi&,EP§%§£§Q%Q%eferably conprises at | east one
pi

as PQHD etween the rotor and the housing.
In order to facilitate friction ignition, an -10 APCl

ab99§§9eEﬁ&é?&%ﬂ"ﬁ#ﬁ)bedé}%a‘dl'd%ﬁ atA%b' 020R¢ 9@59@'&!& of

terra provi the or at |east one of
thehpopotat ef odioxmmtact ArAnysusirialcdlel ebabeaveveabareal dahay
na be_u ncl uding e and and arborundum 5
beAu¥?gc%?%§%€lﬁ%téﬁn@6h63§¥{¥%ﬁﬁﬁ§§bﬁe p§OV|ded bet ween
the rotor and the housing. Any suitable friction match

conposition my be used. A suitable friction gaéch
Egoérf%hom W.%ﬁéﬂwsemlepafnéyaﬁa/ progided between

thEeEQBBQTQﬁg tﬁ@Jﬁouéiﬂéiﬂﬂﬁ%gcﬁhﬁﬁab@eaﬁgﬁeﬁlon match
perchlorate salts include 10 the ammoni umsalts and

coppesshies BRY e dteed r ot GG PILA AmdctTPBuBaFFA of
coh Ss Ederh&% ?&415& &f ecfr{ ed ¢hl anays-agd chhlorate
perc I'n

orate ude t e salts wmth s
sabbtasSuunabl¢m@h&Qmanﬁ andfqmnm@mcalorat§healhernm@lude

| ance refer rlses i bl e tlc
ehp DR aRt i cEe bt AR KA S I BEG@oR FRaNeqtde TA and
creng pmAtbﬂntmé pdrel @tcert dblke a@deﬁbergaSchnbe&t@fam&wbr
friition ignltlon S (%%n1 The _fuse g as defined
PezrpFByerate arh%sl RS sgilds wit |§° fURf PQhR R IUM;
mabHbB8iuhbean®! Astdicid Use and the el ectrical ignition
system However, usually, at |east one conbustible

net al el ongate |nsert is enclosed within the outer

t ubep e e PHI POBE, A ﬁﬁg%erably comprises a combustible

plastic tubular fuse mounted co-axially between the outlet
end portion of the outer tube and the gas inlet of the

friction ignition system. The fuse may be as defined above.

The lance may consist simply of the outer tube, the
plastic fuse and the electrical ignition system. However,
usually, at least one combustible metal elongate insert is
enclosed within the outer tube. One purpose of the
insert (s) 1s to increase the amount of fuel present thereby
increasing the amount of oxidation products and heat that
may be produced by the lance. The insert(s) defines at
least one gas flow path within the outer tube providing gas
flow communication between the end portions of said outer

tube.

The insert may be in the form of a roll of sheet

combustible metal in which case the gas flow path is between
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insert(s) is to increase the anount of fuel present

t hereby 25 increasing the anount of oxidation products
and heat that may be produced by the | ance. The
insert(s) defines at |east one gas flow path within

P%6gﬂ} Eingﬁﬁgggyldlng gas flow conmunication

AS tue portions of said outer tube. 30 The
|nsert nmay be In the formof a roll of sheet

28T Resh P8 P ottt B AR EGeR P e P ¢

compuStiBmé7meagbrsodé Qﬂmwunﬁd onQGabbypahbaévenslée the
mbusti hl.e netal_.rods EEEMAres

ouett Bubb iRl PR eRtE At B 1ol Patbs b EE REBY e acn

rofll ew paths axe bhetsreiuRadt donbuek ibileemefali haeing an
t ube of conbustible netal having an 5 externa

ex§rahet eflpRaE T sthrlssig s &g afodr RRPPE patf. the
inkBt-aRNak; Sharet esr ofhd hsu it eudell@yTBE [8cHS8d a8 an

insert. The thermc lance preferably further

ingskpri ses: 10 an conbustible metal inner tube having
an oxidant gas inlet end portion and an outlet end
portion, said inner tube being provided co-axially
w t Tha 5hédmbutkﬁn¢ennreﬁdﬂahﬂWefummhbetcemprpeesion of

the_inner. tub xt endi-ng beyond.th outl et en

bor 2 oRSERhRE £ B T B Bl Bl £, $REgant gas
intembuatli pbet 1@ adnd Ofts , ot 1S terﬂnp@frtleal dsahdr ahhéy tube

bhei n enclosed w thin the inner tube an

bel BEaPRPKEIROr £9 o Rt g Vﬁr%\hndéelee%eﬁ ERBe) wher e

ou@UEEr enUBES: i SR & rads ﬁﬁférn't%eg axtkhawhgabbgomh ttha
the outer™ tube providing gas flow conmuni Cation

oupéetieendt berehen 20f gdre i roftubgi;dasdt er tube.

a plurality of combustible metal rods, a portion of
said plurality being enclosed within the inner tube and the
remaining portion being provided between the inner and outer
tubes, said rods defining gas flow paths within the outer
tube providing gas flow communication between the end

portions of said outer tube.

In such embodiments, the plastic fuse may be mounted
only on the outlet end portion of the inner tube. However,
the plastic fuse preferably has two parts, a first part
mounted on the outlet end portion of the inner tube and a
second part mounted on the outlet end portion of the outer
tube. The plastic fuse may further comprise a first
plurality of combustible metal wires extending from the
first part of the fuse into said inner tube and a second
plurality of combustible metal wires extending from the

second part of the fuse into said outer tube.
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In such enbodi nents, the plastic fuse may be nounted
only on the outlet end portion of the inner tube.
However, the plastic fuse preferably has two parts, a
first part 25 nmounted on the outlet end portion of the

n second part nounted on the outl et
Qﬁgg%§§8r§%§§3§%7?%é outer tube. The plastic fuse may
further conprlse a first plurality of conbustible

met gl W, géln?éﬁtesp |G Hel Q%Egecoﬁbiéé @rén Oéo&ﬂ?sgll—ﬁl%

into sald I nner e and a second 30 p urality of
metahbimnén| wulymet a:lhewer esyekeenti hgagt opne heurgheodirst

a of the fuse into said outer .
saB ot of eiigi) DA S B itbl] b Phe adfl A0 i o
of othé heath@nce TroNTAUrsiheRg ajpemu‘nesmapl ke defahed fneran

tube, _ there may, be at | east e further first
m’F?%WJ:o"i’ﬁlrJoIP‘%i%é?ﬁtdF’é? 6?&%@&2&( SFt{lﬁE %ﬁ?me‘ih%rf%mer
suPpPitd opr He theleaneda PRethivht Ber capeiitke fiye k& from
defined by an 5 integral wall projecting radi al

thej ipeer fewpiadre afnidie fduetaparsf of heheuplast kpdiuse.
portion of the inner tube or from the inner surface
of the first part of the plastic fuse. Pressure
f | uBtesswonst lurtust isoer da Ghet heumedaﬁttlg@soxildlarcramas

cause fl ations d rnLn the |lance.
ca%h%au%%e#ﬁ%%#q%ﬁﬁﬁ?ﬁaﬁg e%nggecourP%s S %ny?ntékﬁcﬁ The
thashi c mm@o;trmxraaﬁjyaldompfrﬁ@mst hRe invegrsurvale of

the outer t at_the idant gas inlet en orti
Propefebrd det Jrﬁ 5’-’%@8’1% 14asrf ?BW%Bﬁt?gl ga%e?‘ﬁﬁ% tube
atf Ohe CORL DAL 1M tihA ] @NaObotR 10X HRBEe8ASAd P OUGh 4 he
outer tube. Such an aperture has the effect of

SeCPRet I3y ﬂcewv crcatterod:f aprirgane §as5 eArbughline tharfklew of
oxw&ﬁ@bé(ar% i%%ttléf}t QRS .1 NghBR Byral é‘ﬂ-[&fet
e SIZ of ona

ance e aperture is proporti to t
thei gbfeof oheldmaminciemg flow rate of oxidant gas through the
lance thereby inhibiting fluctuations in the burning of the
lance. The size of the aperture is proportional to the size

of the lance.

Such gas flow control apertures have particular
application in embodiments in which a plurality of lances
are connected to a single source of oxidant gas and used as
fireworks. 1In these embodiments, the fluctuations in
oxidant gas pressure may be sufficiently large to extinguish

a lance.

A solid oxidant material may be provided on the surface
of the combustible metal at the outlet end portion of the
outer tube and, if present, of the inner tube and/or rod(s),
etc. to allow the tip of the lance to be kept at about the

required combustion temperature. Such a feature may be
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20 Such gas flow control apertures have particul ar
application in enbodinents in which a plurality of
| ances are connected to a single source of oxidant
gas and used as fireworks. In these enbodinents, the
Amﬁ sza§&Pn§1149£§ oxi dant gas pressure may be
Ef ﬁkj to extinguish a |lance. A solid
OXI ant naterlal may be provided on the surface
&%ﬁgp »t he e r t he
g P%%?ggyﬁi 2 ;U%%esenFBHE%S eggkﬁgré%£§?ﬁgs
1nah@d@rmetnﬂsn;traﬂa:ort@eabhdmmahe saptef the lance to
be kept at about the required conbustion tenperature.
Such a feature may be -13 APCI 06880 EPC (P15149EP)
As Altethat Apsliyt, 2027 trigf ofr etet DansSe acan | oy Katse "at
Suitable soljd oxidants  include netal nitrate or

ab%%?c%?%r%ﬁ%y%ﬁﬂqs?omQMSFéPﬁaFFWBF§atPﬁ% ?Yﬁp%ﬁnqqﬁPlng a
st 2@, CAHN Bp kAR, sk aberly LhRiheqEieRIOIDUSTI Afin to
tenperature by maintaining a "standby" flow rate,
abpylst1Q Jf/ewru,/ Il 19 (falkm‘ﬁtaféo&t/mlnilﬁanledaIa‘b(ﬁRS:l(f—’ g.
0 of oxi dant gas, e.gqg.
mo}é?‘]écu ar é%g)en%to t%(l)ﬂe{ hmgpllkgnce 10 When the thermc
lance is to be used as a firework, it 1is often

desi_r abl have di.fferent col pured sparks roduced .
hel 7 0TS GTEPen HREEarS BPodtCRoaRl Forant]yProrss it
is Cof Oat ede SpaKSe Gd ¢RRRUGLFEBrefior c6XouPe®, sparrlaes

containing nostly alum niumw || _produce a

PrRuTeR /YRR AL IO 1 o BHEACREHE BBARAE. DRPRIES | Sifckarently

co oM &d N WD Y:drﬂb%%t‘&"ob' PHRAEEEMB1 S hove S
yel |l ow sparks. Differently coloured sparks may al so be

copattrd mst I divgiimg vat wiiddspredece ok o? bhHreotwbite
fou§@§{ne%fxgﬁéf¥§f) JT% lances containing mostly iron will

produce a shower of yellow sparks.

Differently coloured sparks may also be produced by
providing at least one colorant on at least a portion of the
surfaces of the combustible metal or by adding the colorant
to the flow of oxidant gas to the lance. The colorant
preferably comprises metal ions which emit light in the
visible part of the electromagnetic spectrum when heated.
Different metal ions emit different colours. Suitable metal
ions include the ions of alkali metals, alkaline earth
metals and certain transition metals. Suitable colorants
may be selected from the group consisting of the chloride,
chlorate and perchlorate salts of alkali metals such as
sodium and potassium; of alkaline earth metals such as
barium and strontium; and of certain transition metals such

as copper.
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20 surfaces of the conmbustible netal or by adding the
colorant to the flow of oxidant gas to the | ance. The
col orant preferably conprises netal ions which emt
light in the visible part of the el ectromagnetic

Apéfleogggylg\gg\hgplq%ﬂleg%gd. Different metal ions emt

( figrent. . cobpyy's.  Suitable metal 25 ions include the
i ons of afjkall metals, alkaline earth netals and

certgin t?@@é%%«%”tg‘%éﬁ&oﬁ%ﬁ@% CQJORl aifg)é be
sel ected from the group consi sting ot the chl 8r| e,
prciiueedt ®yaadthernht ol ahee sapdst iofuladkat ilameesl Sasuny

as . sodi um and tassj u of. al kaline earth netals
AIWHRIRE 5556 FARFANdPS P ERY RS Tt COF SCe P FAPnOT
cdnibaiRgiibilenmaekal 81 swehch aGosd et .meltd ARGh Ge88apEPC

(P15149EP) _As filed - April 2007 It is possible to
AWtdﬂéllglﬁ’he1§PE@SoWaYh%u’§‘b%ﬁ"1ksC°“tﬁrdcﬁ?c€& B)?aétt RBEniaYer

ofl }AgRr EﬁEﬁbQthTLMeléﬁ@éﬁ $@Yd N9 rl WHRIU®, 0Bt @byers of
tUbés, by providing an outer wap of a conbustible
hegatve biravnwKira it dpeBeRo2PPeR Y  t& gt add plagecombustible

ordi nglLy c Y r [ |l e . ONn -
me . e o e e e e R ), BRE ST 4
hok leapech ob sheavyibrowelry adaldapgrard@pear. gt.oabetiai h mm

the ¢ ustible..netal _of the outer tube, particularly
toala%ﬁu%:‘l%ni“muﬁfli PLATereT ot EHbUG S0 split into very
smal | sparks, e.g. about 1 mm 10 to about 2 mMmin

di aneter or. even |less, The oxidant gas inlet end
portTihSnOE’de?ﬁE gafetnithee Pt Aarde tﬁ*&yoﬁéer tube of

tHeONRBCkeRhabypad EbASECLOAAY o 10 A ErdRAL t828nf bQ%ant
control valve. The flow control valve may, in 15 turn,

gase fdomneonsgobyvalgeconbhe ohldw tcand e lgye lvegmpyt oin
VS BRe8 BY bCRT Sl PIRLARARY (AR, 988 T05:
preoliciedi dnval ¢eglinder of compressed oxidant gas. The gas
flow control valve may be a normally closed solenoid valve.
Accordingly, the thermic lance may further comprise:

a normally closed solenoid valve for controlling the
flow of oxidant gas through the lance;

a first conduit for providing gas flow communication
between said valve and the oxidant gas inlet end portion of
the outer tube of said thermic lance;

means for producing electric current;

electrical connections for providing an electrical
circuit between said solenoid valve and said means for
producing electric current; and

a switch for controlling the flow of electric current

around the electrical circuit to each valve.

Preferably, the oxidant gas flow control wvalve has

means to provide an automatic cut off so that the supply of
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Accordingly, the thermc |lance may further conprise: a
normal Iy cl osed sol enoid valve for controlling the 20
fl ow of oxidant gas through the lance; a first conduit
for providing gas flow comunication between said

Amﬁah&%o tp 9¥tdant gas inlet end portion of the
as @ oﬁos, ard thermc |lance; neans for producing

electrlc current 25 electrical connections for

oxﬁ?& d%%% @A;,géee%d d a%'t%ﬁl%{'tEcQﬂWSHcéatﬂe sl &Rl d

means ‘for producing electric current;
laand hasmbeam darswmmd.rol ling the flow of electric
current around the electrical circuit to each val ve.
30 Preferably, the oxidant gas flow control valve has
neamﬁet@pmﬁmwﬁﬂmtanjamﬂmm@tbcfuuhbméfcsncmhatbréﬁker in

suppl -15 APClI 06880 E P15149 filed -
eng B Pt doflea T it a0 hray THE CLECBLR GLERRET 1811y
pr@ﬁéﬁaﬁhﬁ hhHtBL ad &mﬁec&gaaheegagomﬁyaeden&kﬁbﬁnidﬂNbf
is to include a fusable circuit breaker in 5 the

the| @eter citbe grinddig digicethe Oarectibe bpeaRepas sournt down
toPERE eE ARLY: Enﬁggéﬁéfn ﬂﬂ%ebgéfﬁéﬁtm ?ﬁs'@ﬁ@feﬁ?“%Fttlng

portion o the outer tub ance. Once
theaptechibs. burhe rdmmalltyo Cﬂ-h?@edl scuenobdeukbye then closes

auPBRRKELL IR L S ereh 0ot g6 LG Lol

Aor ma osed en c 0Ses
autonatlcally, shuttlng off the oxi dant gas supply

The _circuit breaker e.an internall nmount ed
e L e b al £ GhAEh o] 1R hagr S e
1oEPeabMSE & Thd VG N uiilaaig1@n. sthenbgopsi Soppenesiiy the

15 burni ng outer tube and goes_"open circuit" which
sheaphed shh pVC insulation. The loop is burned by the

burning outer tube and goes “open circuit” which can also be

used to shut off the solenoid valve.

A further option would be to use a spring loaded valve
mounted in the gas flow path at the oxygen gas inlet end
portion of the outer tube of the lance, said valve being
biased in the open position by a fusable detent, i.e. a
detent that melts at the temperature that may be produced by
the thermic lance, e.g. from about 1000°C to about 2600°C.
Again, once the burning outer tube reaches the detent, the
detent melts thereby releasing the spring loaded valve to

close off the supply of oxidant gas.

The spring loaded valve may be a “ball-spring” type of
check valve mounted so that it points up stream. Such a
valve comprises a ball which seals on the end of a
cylindrical inlet, pushed by a spring, and will normally

only allow reverse flow and not forward flow. The forward
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used to shut off the solenoid valve. A further option
woul d be to use a spring |oaded valve nounted in the
gas flow path at the oxygen gas inlet end 20 portion

of the outer tube of the lance, said valve being

' position by a fusable detent, i.e.
iggﬁﬁé IEC (E§ 14BS ts at the tenperature that may be
uce

pro e thern1c | ance, e.g. from about 1000C

leQl 2 03&1 QQ g@é etrhe sl&lé n'agga etHPemetal,
Pt VTHE FERS Biebs

reaches t tent nmelts th
e.gel eashng thbeSpIm$Eﬁé(Euhyinnﬂnmeaﬂo1nph0$€wbi¢htp@8hes

g BRAY) 8Ehr HGr T3 b i thock WAy BoRGuAL ol 6 At

deltbnpoi 8L §. upn Safias E M B E v PAAPr ma&s af badh |
which seals on the end of a cylindrical _inlet, pushed
eagyly EPEphyc Batewat- ndfhan Itile errgen rféwnﬁe%ﬁ%es the

de&%ﬁﬁ’aeﬂen@étéﬂfvﬁgfkg|é@ﬂoﬁﬁﬂ§'E%%WQQQVélépéEQ} 0688ve
EPC (P15149EP) As filed - April 2007 flowis allowed

bagywardg| agayp%hetrhe s@eqw,asﬂdqwl@@e tee hatadl , undey. spring
ub (o whi ch pushes
pr%%éﬂg%rlﬁo %Qlts |ndﬂgg€§aet rflqgﬂheld in place by
a detent, e.g. an annulus or a cross- flom1p|n made

ily fusabl e nater.i.al
eatheBaPhae NereRATng P erdne ot Sh8 Ka0rhos PRedTately
invéh¥eeopabes  t &n NBNErgdaskwarids ragairast thheléh@év, may be
all ow ng the ball, under spring K pressure, to sea
CO&B&FH@@ Fﬂea|$W%EC$IQﬁNa:H?qqsqﬁ%?eée1H§EEs§ﬁFySF%h as

ni@¥bhBAULS NcARBoh aSk i JBTRAIALEhM 1veN ThE eMENEvOAL 88F an
enmergency. Therefore, the lance may be connected to a

emssarBeyY of the ppesdant wab inenlyyasyskehshst affrag@nties
1n%§Eb Qsdégé$ﬂg yﬁﬂﬁﬁi%ﬂlveTﬂe 1%%%ee%SE&d° md8d i ?te%% be
OoXIl dan a

ener genc t"gas supply e
exthegu1shed although would remain hot for gome tlme.

The shape of the cross section of the outer (or inner)
tube is not critical to the present invention. The shape is
usually circular. However, other polygonal shapes such as
triangular, square, pentagonal, etc. may be used as suitable

cross sectional shapes.

Similarly, the dimensions of the outer tube are also
not critical to the present invention. Tubes with an outer
diameter of up to about 30 mm, e.g. about 26 mm, have been
tested and shown to work as desired. The size of the bore
of the outer tube is usually about 5 mm to about 30 mm, but
is typically no more than 20 mm, e.g. about 14 mm. The
thickness of the tube wall is usually from 0.75 mm to about
1.25 mm, e.g. about 1 mm. The length of the outer tube is

also not critical to the invention. The only limitation on

-17-



10

15

20

25

30

15 inert gas supply turned on. The [ ance woul d

i mredi ately be extinguished although woul d remai n hot
for sone tine. The shape of the cross section of the

outer (or inner) tube is not critical to the present

apbPVAEREd %EC (-qui‘l%g‘ﬁpe is 20 usually circular. However,
7

as0fhel palygon apes such as triangul ar, square,
pentagonal, etc. may be used as suitable cross

[ apes i larlys .t ' i QNS 4

1e21 tglr g? g%g}%gr gsaFggbgy%gn%%l%r%i%g@ {ao% t% hgll%?le%gﬁ?gh
fliow erfit beadaltbgsswi t Bhanlengtdr usgiadiwt dropf apputo0.5 m to

about 30 nm _e.g, about 26 hav een,_ t n
O B B R a2oaRe: el Cihere Dot T babEE ot fihe
e.qut @r mt.ube is usually about 5 nmto about 30 mm but

is typically no nore than 20 mm e.g. about 14 mm The

30 thickness of the tube wall is usually fromO.75 nm

to abQubuitaBPe MBOMBuSE i Weth1MRay TR hesat hoef thbe
outer tube is also not critical to the invention. The
ougsiry tbgi t Aheonisvas |of thy HEgtigsdeseEpad( PRS13DEpyt (8) -
hled; ! t I bk .
B e S G e
allugngtimmas oal ngghesmumbouduitdole metadlsoarel prafesagly

._about 6 or about 0.5 t o abaout 3 e.dg. 5
lr/gﬁly °Sui P%Feu%ﬁgﬁgt i B %erim%uacfah r%f‘y l(el@ussé:gegor(af‘ﬁlenumer
7400t-80 -6Uber thebvhlesedl (e plaasiute usardnd,t be3s %
insert(s).. Suitable conbustible netals_inglude netals
ma@@ﬁﬁ‘ﬁsgi'nljh?r Bﬁ?lal%‘s%ﬂﬁi li’ﬁmﬂ Rpedfgymesedn 1567t aBfedny
infRi-akS e8¢ BIEhERBRL Ysdbh 49 idh Fm*sg_igg':‘%;lﬁhﬁﬁiuﬁt e€hs

such as mld steel (CAS nunber = 7 or carbon
nugpeg] 7¢8-§2-about 3o BRAMRFEL WD, 35iopever, alloys of iron

with other metals such as aluminium and/or magnesium may
also be used. Further colours may be produced by using
alloys of at least one first metal selected from iron and
aluminium and at least one second metal selected from the
metals from Group IA and Group IIA of the periodic table. A
preferred alloy is made from aluminium and strontium. This
alloy produces red sparks. The Inventor Better sparks are

observed if carbon steel is used in place of mild steel.

In preferred embodiments, the outer tube is made from
iron or steel; a portion of the plurality of inserts is made
from iron or steel; the remaining portion of the plurality
of inserts is made from aluminium or magnesium; and the
wires in the plastic fuse are made from iron or steel. In
embodiments having an inner tube as an insert, together with
a plurality of rods, the inner tube is usually made from

aluminium; and each rod is made from iron or steel. If
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manganese, the renai nder being predom nately iron and
any inpurities); alumniumsuch as high purity
al um ni um (CAS nunber 742-99-05); and magnesi um
However, alloys of iron 15 with other netals such as
apd! ngggry yip apg/ Qo pregnesi um may al so be used. Further
as GQh QY-S A 0mBY -produced by using alloys of at |east
one first nmetal selected fromiron and al um nium and
pr@Eeh@aSEhQn§r ﬂngfﬂafﬂﬂl%ﬁh%dlﬁreﬂétfgncgeiéjésually
rom G ou Aand G oup Il'A of the periodic table.
in20her éﬁ@% eef adbhit is whade tor elpoaktufbniwtin® and
strontium This alloy produces red sparks. The
I nventor Better sparks are observed if carbon stee
i s Teedfiowpbaceigi prdsbusteeefas Ithrpughethedouter tube of
enbodi nents, the outer tube is made
= EPBBrLCalRre  Un 1oEhe bR By orophesrpeotiddu tnin
thér eabel OnrlQéréﬁ@ﬁi,, die Jus riubg payt benvefihPed” or may
plurality inserts is made from.al um ni um or
COmRYRES| A Sa%rlci RE Qfi MeRY Ahene¥prasti ént gk el PO

thfa[’@gl:' EQniRkisieelnsd it s%“’ff%rﬂ%%%mhﬁg' ags%déé‘@eé{nd
tube as an iInsert, together with 30 a plurality of

frpudbeintiec] eeeed talfe afs tirsu siuityt etra e df pEnthal out el Uikbe .
and each rod is nade fromiron or steel. If -18 APCl
06880 EPC (P15149EP) As filed - April 2007 present,
theApyosmttéb&ecﬁxfﬂanﬁlgasﬂMay beeukadce Heweseajlwhe
iin the ran about. 5 wt % to.about 95 wt

ox gt crtd SRl Ll el orbaiReRnaBaele Tabeeser 5

oxggther nf'rﬁué ANElge | Sx oW dag dioshadge hnser t Sopewvt deth
wthin the_tube. Therefore, the outer tube may be
much; PEBEArred RO IR sENen O%iFaRE g8S oS NBRFCTRERT
oxQ¥tHantoiml et end portion thereof to inhibit
|nsert(53 from becom ng di sl odged and from bei ng
ej ected out of the outlet end of the outer tube. 10

The operating pressure of the oxidant gas is usually
from 100 kPa to about 5 MPa, e.g. from about 200 kPa to
about 400 kPa.

According to a second aspect of the present invention,
there is provided a system of fireworks, said system
comprising:

a source of pressurised oxidant gas;

a plurality of thermic lances;

an oxidant gas flow control valve for each thermic
lance;

a first conduit for each pairing of a valve and a
thermic lance, each first conduit for providing gas flow
communication between said valve and the oxidant gas inlet

end portion of the outer tube of said thermic lance; and
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Any suitabl e oxi dant gas may be used. However, the

oxi dant gas usually at |east conprises gaseous

nol ecul ar oxygen. Thus, the oxidant gas could be air.
However, in nuch preferred enbodi nents, the oxidant

' e I 5 oxygen ("02") . The operating
ﬁgfliéggigr %&ﬁgg?f%i’}dam gas is usually from 100 kPa

to about 5 MPa, e.g. from about 200 kPa to about 400
kPa, 20.Ar60LGLAY: ¢ 0r & SECAN BRPeEs ¢l oRhBAERhtion

invention, there 1s provided a’system of fireworks,
bedaiegns gt dnsovoapr o §i Peessusiaat @xgidapite 988r psddeach
Vé¥9edant gas; 25 a plurality of therm c |ances; an

oxidant gas flow control valve for each thermc

| ance; a first conduit for each pairing of a valve and

a thermc |lance, each_first conduit for providin as

{1 o0 B RAARE 0% ol Rt Yeth it JareG GieL FY BS

di®fledtnt , 9asgl Nhete eads POFdnON Ligtn)e cuket etrybeolbur,
said thermc |ance;_and -19 AP(QJ 06880 EPC ( P15149EP
eths f Thedlangpei repably £adt dRye hFFMOtroA IPLEY PRI AStem

ar@P3 cf 1QWsE OB SALL O r DEIMESR, $A1d SQUEEed@Ecribed
pressurised oxidant gas and each valve. 5 The | ances

abowy .be identical or at |east sone may be different,
e.g. have different |length, dianeter, colour, etc.
The | ances usually each have a renote ignition system
andTat kgastmopeefansiely pfeftareabloomgrdising ascontrol
descri_bed abovT. . .
system for remotely operating said valves. Where each valve
is a normally closed solenoid valve, the control system
preferably comprising:
means for producing electric current;
electrical connections for providing an electrical
circuit between each solenoid valve and said means for
producing electric current; and
a switch for controlling the flow of electric current

around each electrical circuit to each valve.

A reduced rate of oxidant gas flow may be provided by a
flow restricting valve in parallel with the oxidant gas flow
control valve. For example, the thermic lance may comprise
a bypass valve in parallel with the solenoid valve for
providing oxidant gas to the thermic lance at an “ignition”
flow rate for ignition of the thermic lance while the
solenoid valve is closed. The lance may therefore be
ignited with the solenoid valve closed and then run at a
“display” flow rate by opening the solenoid valve. A
further advantage is that this arrangement of parallel

valves provides a means for switching the lance between “on”
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10 The system preferably further conprising a contro
system for renotely operating said val ves. Were each
valve is a normally closed solenoid valve, the
control system preferably conprising: 15 neans for
APefqggggQgcehgggkk%)current; el ectrical connections for
asPEQYLAI ng aneh£ctrical  circuit between each sol enoid
val ve and said neans for producing electric current;
It c [ t I of _electr iw "
B 5 PR LR el B8 ] P Seagh e
rupalivg, aA pedovedxidaet ofasxi Hantragas sfufdwoieptbso
h

rqQvi.ded a_ flowrestricting . valve in.parallel w
e EGR fant Bes P B TS of (K Bl R pEncf EPom
exdtherguiehiance may conprise 25 a bypass valve in

parallel wth the solenoid valve for providi ng oxi dant
gas to the thermc lance at an "ignition"™ flowrate

fOfWh&&Etb?@r@ﬁr&@€e¥h@ﬁéﬁéyééﬂmxiﬁﬁﬁéﬁéﬁh@eco&@&@ﬁ@bda
valve is closed. The |ance may therefore be ignited
sifialle Meansolf eroPHOYF ¥RT ct bR thFudremtr §e apegage each

“di.splay” ate peni ; ol.enoi a
R i s A s G Y
wiyglsy eenpoperdes bheeagsif on ssydteh noprdeat! andethe
et ween 190" 20 APCI 06880 EPC (P15149EP) As filed -
Rbrﬂ f&&? aid runni ng at high oxidant gas flow rate,
and on "standby” running at a | ow oxi dant gas fl ow

rate sufficient to nmaintain a f]lane on the | ance ti
to EP@véﬁPr{:ﬁeOFaHE%S$‘|1’6He%>&}H?@ﬂ%mar~?‘g.‘“a5’ WRepesSingle

cyARPRRT bat 8ailiNgasysé &g PESF &l Do X YIRESBS sBlays. A
bank of cylinders of compressed gas, such as a manifolded
set or “pack” of cylinders, may be used as the source of
pressurised gas, e.g. for medium sized displays. At least
one tank of liquefied oxidant gas may be used as the source
of pressurised oxidant gas, e.g. for larger (or multiple)
displays. 1In these embodiments, the liquefied oxidant gas
is vaporised and the pressure of the gas adjusted to the
operating pressure. Obviously, in embodiments where the
oxidant gas is gaseous molecular oxygen, the tank(s) would

contain liquid oxygen (“LOX”").

Where the source of oxidant gas is one or more

cylinders of pressurised gas, the pressure of the stored

oxidant gas is usually about 30 MPa. The oxidant gas is fed

through a regulator to reduce the pressure before use to an
operating pressure in the range from about 100 kPa to about
5 MPa and usually no more than about 1 MPa. Preferred

operating pressures include about 700 kPa or from about 200

kPa to about 400 kPa. Where the source of oxidant gas is a
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singl e nmeans for producing electric current to operate
each electrical igniter. \Were appropriate, the sane
control wres can operate the ignition system current
and the 10 control valve system The source of

anBf B384 840kl dagy gas may be a single cylinder of
Asséh.dga§pr§rgooﬁor smal | er sized displays. A bank of

cylinders of conpressed gas, such as a manifol ded 15

rq% b ogf j S e;gource
t%ﬁg ﬁgréé g%%égg ngéégegééﬁbr ﬁ%gﬁﬁﬁgggfgdg%?séﬁays.
vaforiiggsit tooprotinnk vlhe | dxpiddnte Pagxiadwhtt hgas theypbessure
i us%qugiethe squr ce f pressurised oxidant gas, e.g.
% §PIUEFGEr SEoF SHULTTPIe) displays. In these
enbodi nents, the liquefied oxidant gas 20 is vaporised
and the pressure _of the gas adjusted to the o [

erating
pr eJSGrE. tBBVPBELIRYE FFE el It lan,R&vgeine ENGx Pydht

pr3dsure BASEOHS PFREESYLBEm MYHehe tRd FHS me®BUkdsuch as
contain |iquid oxygen ("LOX"). 25 Were the source of

coppedant §agsps (Bhechrwhbl ot \gaists igr theeoxyppaedand
Sinel R S i the, st [ i3S
Rl y B en e Be T S S P aR e r ougn
a regulator to reduce the pressure before use to an
operatin ressure in the range fraom abho Q, kP
abodtea0 Y ARG cderlY (et Heh aBolPol FRste 2

pridsefueer edduepebat 489l ¢ PSS £ iptaldiie-cabkeuinld006rkwaich
or fromabout 200 kPa to about 400 kPa. Where the
regyteSe Lo BXPEEHFSgas FRe £LX1dAntASES (6388 eperating

prieBEok4IER) g Asrbinl 88ont ADGd |k2DA6 tadutofl Mpayelihedn
oxi dant gas, the liquefied gas is_ vaporised to .
aldowdirbe spécoupdanf Bhaskie ambrirulherpPessgr andj grdinary

SRS 8 L 0D M N e 002 1

In the event of an emergency, the lance may be
extinguished simply by shutting off the oxygen supply to the
lance. However, if more rapid or complete shutdown is
required then an inert gas such as nitrogen or carbon
dioxide may also be used. 1In such embodiments, the system
may further comprise:

a source of pressurised inert gas;

an inert gas flow control valve;

a third conduit for providing gas flow communication
between said source of pressurised inert gas and said inert
gas flow control valve; and
wherein said inert gas flow control valve is in gas flow

communication with each lance.

In some embodiments, the flow control valves for the

oxidant gas and the inert gas may be integrated within the
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pressure part of the system nust be made from netals
such as copper or brass (mhich wi Il not conbust in
t he oxygen) and nust be "oxygen-clean", i.e.
t horoughly degreased. 10 The cyllnder(s) supply (e.g.
at about 30 MPa) feeds a pressure reduction device,
AP@I 68%’&?%§§&F§9Fégulator whi ch reduces the pressure
Asofilefle BRF'daRt®™yas to an operating pressure, e. g
from about 100 kPa to about 1 MPa, which allowt
saggr ¥ad¥e BRNBFAsEi cfAREFAMNS Fha YaanNG 6‘?‘&%58?9 @% the

1aRReuIRh ke f LELLB88 48 4 Naudesly fr R isyskern .| NnThhSther
event of an emergency, the |ance may be™ exti ngui shed

embiogigIngng , s hhese nflof f cemer ok ywpdrvesu piglyy beo separate and
thfa%&%tel#oéﬁgyegurtﬂeﬁ%&néﬂ’ééj Offcﬁl%@l' %fo%d%'iet gopn is
O require

en an i ner as such as nitrogen or
5 proaribdng gasxfﬂewnagmmmmxbiuionuhétweensmhb enbodi geat §low

the system nm urther ri urce of .
coprEslTpeun PRt G ceSCons T v as Y bhEatnerppaiments,
thealbwedad® gakhstipTenewild fid drayictifn@ngashkhownert gas

comuni catlion between said source of pressuri sed

alilpwed §esfapy sAraugherke pRCT (PwtCosritdrIiaphethand
1aperehn said inert gas flow control valve is in gas
f|OM/ communi cation with each |ance. 30 I n sone
10 enbodi nents, the flow control valves for the oxidant

955 her 86sst EheAfin ity hEHY can RePrhofey
fmﬂmrvabmprﬂmel 1ahdesfmlc&xa1m}ee a tdmaowalmzeplmmﬁeddon at

the | hol d d tti '
L5651 S PRZGE B O b B (e dd'd INLEACPOF VAFgbe

AlFRYnBe i§epd, atBeaB¢stem may further comprise:
15 at least one source of colorant; and
means for adding said colorant from said source to a
flow of oxidant gas in the second conduit. Each lance may
be connected to a different source of colorant thereby
% producing different coloured flames. Where the colorant is
i 20 in powdered form, the system may further comprise means for
adding powdered colorant to a flow of oxidant gas. Suitable
means include powder feed systems employing a sealed powder

hopper as used in the metal spraying and flame-spraying

industry.
25
Each lance in the system may have any of the above
mentioned features described in respect of the first aspect
30 According to a third aspect of the present invention,

there is provided a method of using at least one thermic

lance as a firework, said method comprising:

\
\
in any appropriate combination.
|
\
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the systemmay further conprise a fourth conduit for 5

provi ding gas fl ow communi cati on between the inert gas

flow control valve and the second conduit. In these

enbodi nents, the oxidant gas supply could be shut off
Ap%pd thenPi grt4?as allowed to fl ow through the
Ascft%ﬁg:?(?sg%ﬁig 5@7 Fﬁifui sh the lance(s). 10 If col oured

firewor are required, the systemmy further

CONRL. | | an whi ch A c rant _prQyj . 0N,

| ea ?Sg?%%??f%%s% 1<%%Q%ﬂ§F§%e§%%f%?hgﬁco%gﬁgg%gﬁea%low
rafet ahroudht esbhdt tivedtng 1l tlecey Srem why buidhet gas inlet

onprise: 1 t | east one soqurce of | orant; and
enfioHRE LR AfdaNy SHGF dols dm CAPORICLED SOt tBeT sty
f1 ovgat « ox4 daatd desnddy; t he second conduit. Each lance
may be connected to a different source of col orant

t hePEBGT pPBHUEPMG /R FTerieHna: Shsuféawr PanBES STt &ed
ox]tzlérg{lg O?QQ aphr b3 s d i POMHES e LOREL ahAByBY B M FRYe

er conprise neans for addi ng powlefed col orant
untglashidwt bfeoxrklais wrmiirSdit @blde thesans i ncl ude

powder feed s ens | Qyi ed-p er
T e e ST s
oxiifdust g§s £26mEagid | tcndbyt 6 osy shem mayahadesphyy 0f
t he above nentioned features described in respect of
ElPHeTRFFst aspect in any appropriate conbination. 30
According to a third aspect of the present invention,
there is provided a nethod of using at _| east one
t heFhec "igRiktoRs BV ratsy Ks aederebhydiEehprPithg

1/m2d 8888800 B fm{ L1 ¥ 4P ERboutS s 1/Rdn. Aphé! 208 aby~

flow rate is preferably from about 1 1/min to about 10
1/min, e.g. about 5 1l/min. The “standby” flow rate is
usually just sufficient to maintain the combustion
temperature at the tip of the lance and, thus, is usually no
less than and may be the same as the “ignition” flow rate.
Minimal amounts of sparks are emitted using a “standby” flow
rate. The “display” flow rate is usually from about 10
1/min to about 1000 1/min, e.g. from about 200 to about 600
1/min, depending on the effect to be achieved and the size

of the lance.

The flow rate may be increased from the “standby” flow
rate to the “display” flow rate shortly after ignition if
the firework is required straight away or may be increased
some time after ignition if the firework is not required
immediately but would be required to spring to life in a
moment. The “standby” flow rate is usually the same as the

“ignition” flow rate”.
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passi ng pressurised oxidant gas at an "ignition" flow
rate through said thermal |ance fromthe oxi dant gas

inlet end portion of the outer tube to the outlet end |
thereof igniting said lance; 5 after ignition,

I ni ng | ow of pressurised oxidant gas |
?}ﬁsy@hE§é ]éﬁg@ at a "standby" flow rate until

A%morﬁiis reqU|red and then when required,

|nc a the flow ressurised g r

A '55 ShaRaby e Bl L B SR Bprasy 85 PEan O

lahbe 1bgﬂepeﬁménﬁItnwdeﬁaruainp@akemabbn themabeplay” flow
1/ m bout 10 1/ 5 1/nin. _The

ratgy aﬁdBiilgaiF'F oW 7 at eTrpi%s P Iaei%égg‘ﬁ ﬂ%ﬁﬁﬁ%o uf19¥ 1735 %

geh@ré@@%tréguﬂésliﬂnéigﬁ%dlera%@ﬁbhﬁ tbmyRickhehe sparks
st and flowrate is wusually just sufficient to

arﬁa?a?QFﬁdthe conmbustion tenperature at the tip of the
| ance and, thus, is usually no less than and nmay be
the sane as the "ignition" flowrate. Mninmal anounts |
of EpghKSdaspl@yﬁtﬁkmwinaUq;qi ‘oxtidadbyyatl sahleveate. |

Wl Lt T R byl MR P e

ofabout 1600n iﬁnanch@kmm&uMau¢emmawhageéfbotetObe4 mm
achi eved and the size of the |l ance. 25 The flow rate
ejﬁﬁfzsb@pi"ﬁ]é?e%ge]oe?%torﬁ fheé Pt &G0 @it ow rate to the
"display" flowrate shortly after ignition if the
firework is_required straight away or may be increased
sow@owﬁﬁsaher1q>vgn‘|‘dli-?<niaiyf" tfH@Wf rPEGOPK PEidapt gas can

ed 1 QUi-EeE1L9 SPTifgrk
b8l pe yat SFEGLE, Mo Ul Wil s QoLRGCELLR 5P dbkirks
isusuebtgdt freesane Ehet%&ncéWuympalaminglumwaade". A2¥ow t
“digplay” flow rate is, for example, from 30 1l/min to 150

1/min, e.g. 100 1/min.

The “display” flow rate may be varied during a display
to vary the display of sparks. 1In addition, a lance may be
returned to the “standby” flow rate after a “display” flow

rate until the lance is required again.

Orientation of the lance(s) at any angle or
inclination, e.g. sidewards or downwards orientation, is
obviously also possible. If a lance is operated on a hard
surface, the falling molten droplets can be further divided
into smaller sparks when they impact the surface, thereby
providing a further desirable aesthetic effect. In
addition, lances may be waved and/or rotated to provide
further aesthetic effects. With rapid movement of the

lances and lance on/off switching, it would be possible to
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APCI 06880 EPC (P15149EP) As filed - April 2007 The
hei ght to which the sparks are ejected fromthe |ance
is dependent to a certain extent on the "display" flow
rate of oxidant gas. Thus, a higher "display" flow

eeraII results in a greater height to which
AP?E@ g%aliﬁg gléingE] ected. High "d| splay" flow rate of
dant “gas i eves a fount a| n" effect fromthe

" nce. F xa 0 /m
wtrhlé:%m C ange Eg?/}:%g A ore ossf‘@es %%Otéj ec?s spgrﬁtures

inatheeastr.5 minto the air. Conversely, [ow "display"
flow rate of oxidant gas can create a "waterfall™
effect where a downward flow of sparks is created

evenoitgt&hg EBAER- fSuMod 1Hd NEhdPWY dSithBriaw kheels,
display" flowrate is, for exanple, from30 1/mn to

Reyed vipgnSHns g0, PInoiheed s1 carhde girsgitag byl 6WPLay end
ve%xcgﬁl\}a%‘é tgﬂ{;'flcgur?t r§s°'1?svl )?t% \f%%.tﬁhg j g# aYoOf he
be retu

sparks. ance nm
prpwedéstandbyidahbvxgaat e HEdntigrorgdldiys moaytlhgoﬁpuna@ens

sudft bl Hheola ES L5 Keﬁé*ér{(?odl agai din 913%%@ Lensolehhe,
4 ance(s? F an 1% i na : srdewar ds
thds dza\_spmvvan‘ﬂs otpencbatrmdjlys r&iiatdlfm Qla\alcyssabse moving

possi If.a lance is_operated on a hard surface,
veRio LPAFI ITRGCHor F bt B &b 1008t A4t aRoP agaark
pﬂoﬁ%@ti@ﬁ' | efupPREKSe e 4 heyh ipEPaGhikhedswitACotating
ereby providing a further desirable aesthetic

spafrkeépuntaingday t PEPOTaHdEs they ¥ dparedagnBrepsure to
purlgteagﬁdahg Bfgva,?ie lﬁ% gr?gances ae thetic effects. Wth

rapi d novenment o ‘| ance on/ of f
switching, it would be possible to -25 APCI 06880 EPC

(Pl%%ﬂg%ﬁ% the oxidant gas pressure can also be employed
to synchronise fountains of sparks with musical
accompaniment in the manner of ‘son-et-lumiere’ firework

displays.

There is also provided apparatus comprising:

at least one thermic lance;

a source of pressurised oxidant gas;

an oxidant gas flow control valve for the or each
thermic lance;

a first conduit for the or each pairing of a valve and
a thermic lance, the or each first conduit for providing gas
flow communication between said valve and the oxidant gas
inlet end portion of said thermic lance;

a second conduit for providing gas flow communication
between said source of pressurised oxidant gas and the or
each valve;

characterised in that said apparatus further comprises:
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As filed - April 2007 "wite" synbols, words and/or
nmessages or to "draw' pictures in the air. Rotating
spar k-fount ai ns such as Catherine Weels, 5 Revolving
Suns or Pin Weels can be created by enpl oyi ng

cal I rotati n fountains using a rotating joint

APF%) %6? Eg olvléﬁthﬁ oxi dant gas. Horizontally rotating
ai n

5 oun such as Carousels or "girandol as" can al so
be achslo%\ée% |rf1 re S vva%/ e 1 ps of rapidly rotating
| ance$ A& Vi Rg 1O Very y fjas? WHEH can provi de
enhancadelrangadi slanceospesk vgrwg ection. Further
effecg%"lcan be achieved with rotati n%r svfark f ount ai, ns

by G CHAEAFRGIAE BRF dRFPYV HANP RS Friew GOTpliRdEagAon

b ef fsadll kBUrbBect obAt L ofr i di Bt GaldhaneXisdant inert
gas pressure can al so be enployed to synchronise

9o oA FO§FodpaRrkyew @rdnusi cal  acconpani ment in the
wHEel ofi ig $8856t géggff&ﬁ’ccgﬁ&%&mx}‘ah@ SR E_%Sfl%g)d flow

There is SO provi apparatus conprising: at |east
cammeirtiltettiion Wabhbetha soueaeh ofarpreessuri sed oxi dant

gas; an oxidant gas flow control valve for the or each

thermc lance; 25 a first conduit for the or each

pai Imheg tbkraivaldfcand) may s i cdrargticnde eheeth
first conduit for providin as _ flow cormunl cation

lancEredn SsaP@tvarye SRABPERETRYE RIRSYas TUsHi-et end

Amﬂda%veﬁysatﬁet BREPhEC | A () Sneaép% gongduice fa@r
provi ding gas fl ow conmuni cat i on bet ween sai d

dessiribedopbpives suinsedbes memis gayvait nch&oge thiaghone
la\él?nﬁr ieg%@?ﬁﬁﬁ%gr fné?dbé nelﬁ‘%r S@'&)rﬂ%qﬁ:rl%tnléﬁ fllélhtcge[)r a
lance as described above. Alternatively, a mixture of
conventional and present lances may be used. The lance(s)
may have any or all of the features of the lances as defined

above in any appropriate combination.

According to a fourth aspect of the present invention,
there is provided a thermic lance comprising:

a combustible metal outer tube having an oxidant gas
inlet end portion and an outlet end portion, said end
portions being in gas flow communication along at least one
gas flow path; and

a friction ignition system mounted at the outlet end
portion of the outer tube, said friction ignition system

comprising a rotor and a combustible housing, said housing

with the or at least one gas flow path, and a gas outlet,
said housing defining a gas flow pathway between the gas

inlet and the gas outlet(s), said rotor being mounted within

\
|
comprising a gas inlet mounted in gas flow communication
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APClI 06880 EPC (P15149EP) As filed - April 2007 a
source of pressurised inert gas; an inert gas flow
control valve; a third conduit for providing gas flow
connunication bet ween sai d source of pressurised

Aphgert Ca&u Eghlnert 5 gas flow control valve;
AsaF gﬁ EPL% ert gas flow control valve is in
connunlcatlon with the or each | ance. The

B e cu et 08 W st oy o

£ 1w erm@talsvallpngt beitlhgam fld:xarpm:(lsgaymy be a | ance as
descri bed above. I n enbodi ments invol ving nore than
one |ance, each |lance may be either a conventiona

| angedrdang @Bca asrdpsgspded ebaes pidsemtatinvehyioa,
m xture of 15 conventional_ and present |ances may be

Chegsd 1 STREOVAAEE( 3) EhAEYL Rab@nehCRPTATIng: t he

featuremQitliBeel ABEES BSc BTN hAPGYE 4 AMant gas
appropriate conbination. According to a fourth aspect

ingfett le@dpipeséaoni AnEnanopRt1le erdrrontsi qay,owaded ead
t.her e.co i sk ng: i t al +0
el et Ba o TR O e SRR BaB el dhe one

gaxutilletw @adhporti on, said end portions being in gas
flow co ni_cati on_al on t | east on gas fl ow_path;
i S SRR 6B GEL Y ohey SHatR R Aad i LHAEe ehd

péttilcRt gN@aipobhiter ehbéhLoPUHiitithe,sasd dafnceGt baa

ignition system conprising a rotor and a conbustible
housi™§ 1es&rdcRéusPRECIeBPY$ STt or gaiitimet spetnfede.

wHefkeQLfi‘ls s, 0‘61%%@1:‘”%8@&' Pﬁ‘rt t rbér%u%fesat 183851989 of

gas flow path, and a gas o sai d housi ng
cqmi&fuambgean@aglf Wa_:wepaehmlydmm tihe Jase iimtet samnd
oJJE% Q%%equtlet(s), said rotor being nounted within

The thermic lance according to the fourth and fifth
aspects may have any appropriate combination of features

described above.

The or each lance may be used as a cutting or boring
tool or as a firework. In embodiments in which the
apparatus has only one lance, the lance would usually be
used as a cutting or boring tool. In embodiments in the
apparatus has a plurality of lances, the apparatus would

usually be used as a firework system.
The present invention will now be described by way of

example only and with reference to the accompanying figures

in which:
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-27 APCI 06880 EPC (P15149EP) As filed - April 2007
said gas flow pathway for rotation within the housing
by a flow of gas along said gas flow pat hway.
According to a fifth aspect of the present invention,
reis Provi ded a thermc | ance conprising: a

5 the
AP r{fﬁ &% iEBf e Piet4EPbut er tube havi ng an oxi dant gas
B8 htls

eh8*Porf?on and an outlet end portion, said end

' being | N i cat | | .
ondttRE ToA8 R BA bt b CH0 S TONDNI e SReA Rt ion of
a fdise Raent ed at thbemodt 1 @icenthvipey tarprlefctsdicd loubat tion

tube for igniting said | ance; and an electrical
SY ™/ on systemfor igniting said fuse, wherein the

p|a%ﬁb@R&“§eiEU5tE?bsgoﬂgéiﬁéﬁéfiﬂ%ﬂﬁéﬂéﬂﬁéﬂﬂbn through
conbustible metal wires extending fromthe fuse into
ligw d-A1®fogher thebeic Thanehedepictethde Fievrd Ag to

t he h .an [ C ropri.at
Cond RN S0 Bl hrade PSS e are e BBt
araaciycente offay bgstieedf asewoxhy tacupraiingprtionghet poksent

.. as %.fi rework. I'n enbodinments in which the apparatus
THEE9WY one | ance, the | ance woul d usually be used
as FICURE ROier absehégat DO| repressmrodiimegnicE ithet he 25
apparatus has a plurality of |ances, the apparatus
AFGRIETeRSuRPPY BB HRBIERRMRLS | f_uidTHE %éﬁnc‘?hés a
fifRRRM. i nvention will now be described by way of
exanple only and wth reference to the acconpanyi ng
fi gdilePRE3GA| Aswhi ehoss2gectional representation of a

friction ignition system mounted at the outlet end portion
of a thermic lance of Figure 1 in place of the electrical
ignition system; and

FIGURE 5B is a cross sectional representation through

B-B of the friction ignition system of Figure 5A.

Referring to Figures 1 and 2, a thermic lance (102) has
an outer tube (104) made from iron or steel having an oxygen
gas inlet end portion (106) and an outlet end portion (108).
The outer tube (104) is of circular cross section and has an
outside diameter of about 16 mm, a bore of about 14 mm and a

length of about 2 m.

The lance (102) has an inner tube (110) provided co-
axially within the outer tube (104). The inner tube (110)
has an oxygen gas inlet end portion (112) and an outlet end
portion (114) extending beyond the outlet end portion (108)
of the outer tube (104). The inner tube is made from

aluminium.
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APCI 06880 EPC (P15149EP) As filed - April 2007
FIGURE 1 is a partial cross sectional representation
of a side view of a therm c | ance having an
electrical ignition system FIGURE 2 is a cross
on ntation through 5 line A-A of the
izﬁhgﬁg% %E (%951 E Flcted in Figure 1; FIGURE 3 is a
enatl representatlon of one possible arrangenent

of | Sn8YSLEEL! |1 4Prikes aeqording 0 Lhe RAEEENLnclosea

ematTc repreSentation
witheénl@har cahgenewbe uSETR )i N uhgxﬁxawpleftbhEepﬂurhblty is
nce .as ewor k: Fl A IS a CEﬁﬁs secti na

encdBRE e Bt B et o g el LR rERR haOE e o

th@t pubeamutyeisepﬂcmtbéﬁwe@{ thet Remhethc thBace10f) and the
gure 1 in place of the electrlcal 15 ignition

Ou§?§t él‘ﬁoearﬁéloﬁ GURENS B 94 al Idreds 8§ r€edpfgnaFom iron or
stbeRr gsanLaki A8 Ah%magénlt% B, 1of atéﬂ%lw ehikag i 9355' on

system of Figure SA Referrlng to Figures 1 an , a
pProveding gasacelewoymiasicfican bepweent the CXPg¥n nage

e SOTELAORoFLs 8L FL BP9 A0, UNARE, o ppletn i) o
theubetetrubebé10494) s of circular cross section and has

an outside dianeter of about 16 mm a bore of about
14 mmand a length of about 2 m 25 The | ance (102)

haspapolpieethahe £149) (1wmvided Ger m@)&haleayowi thénoutlet
the outer tube (104). The i nner tube (110) has an
ofokfi§ehaBas (AP2t - enth®ortseon(1RLL2) 280 d 16n 1BUE Vet PRAES

£iPQE! §>99t( 1149, %&%@Qorpw%&th%toghhebo%%ﬁow 11N of
(108 30 of the outer tube (104). The inner tube is
thgpdaneropube (110) and a second part (122) mounted on the
outlet end portion (118) of the outer tube (104). Each part
(120, 122) is a length of flexible polyurethane tubing. The
first part (120) has an internal diameter of no more than
the external diameter of the inner tube (110) to provide a
friction fit with the inner tube (110). The second part
(122) has an internal diameter of no more than the external

diameter of the outer tube (104) to provide a friction fit

with the outer tube (104).

A plurality of iron or steel fuse wires (124) are
provided within the parts (120, 122) of the fuse and extend
into the inner (110) and outer (104) tubes. The diameter of

the fuse wires (124) is no more than 2 mm.

A loop (126) of NiChrome wire is provided in the first
part (120) of the polyurethane fuse (120, 122). The loop
(126) is part of an electrical ignition system (not shown)

for igniting the polyurethane fuse (120, 122).

-30-



10

15

20

25

30

alum nium -29 APCI 06880 EPC (P15149EP) As filed -
April 2007 The |l ance (102) has a plurality rods (116)
enclosed within the outer tube (104). A portion of
the plurality is enclosed within the inner tube (110)

n e ' of the plurality is packed between
25%@36§£)E£€Sg a%?%?4) and the 5 outer tube (104). The

nner .t
ro gé(1§%3 are made fromiron or steel and define a
plurality of gas flow paths (118) providing gas flow
communi cati on between the oxygen gas inlet end
por Thenléd0é) (worl) thees cutflietstegespdibwonoing) apertumee

er tub 104)., 10 A pal yuret hane fu 20, 122).1is
(12§znP58vb§e%h%no ?eﬁut%étt Pgﬁgéoﬁlggfg The Fogethaer
tubd20113223nd Sa i Feddd RiHd F1ow dontgblpapertdz®) (130) in
mounted on the outlet_end portion 8114) of the inner
the,gEy@en oyaanti ket h PPN 139F ) nBhintBE BHEERetWES
(1848l et end portion (118) of the outer tube (104). Each
part (120, 122) is a length of flexible polyurethane
tubing. The first part (120) has an internal dianeter

f h t t | i . ’ 1 [
UbSIPTIBNCT o o ahi e T B FadREeRe Portifn’ (8L near
theubgy@én 0yas Thel ste comtl grartic20 ((D282) ofiashanocubeer tabe

i.ameter, of . no nore than the external .dianeter of the
HaTePErhBE 109 1T Hr S SR RFE g FOTREents
(100t en16uber (d10d)1ae ! Wrad)i ity Phreivedl ehesit eebmfbSEng
wres (124) are 25 provided wthin the parts (120,
elgoppdoput nef ftRe HFext!ddd JUFi&st H&Sinner (110) and
outer (104) tubes. The diameter of the fuse wires

(124) is no nore than 2 mm A loop (126) of N Chrone
wi r Ehestheovidelrnge t HOX)i risy ignited by applying an

electric current of about 2 A using the electrical ignition
system (not shown) through the loop (126) of NiChrome(wire

while oxygen gas is passed through the lance (102) at a low
flow rate of about 5 1/min. The loop (126) becomes hot and
ignites the first part (120) of the polyurethane fuse (120,
122) .

The polyurethane fuse burns “white hot” in oxygen, i.e.
it burns at a sufficiently high temperature, e.g. about
2000°C, to ignite the iron fuse wires (124). The
combination of the ignited fuse wires (124) and burning
first part (120) of the polyurethane fuse (120, 122) in the
oxygen flow is sufficient to ignite the outlet end portion

(114) of the inner tube (110).

The second part (122) of the fuse (120, 122) and the
remaining iron fuse wires (124) are ignited by the heat from

the burning first part (120) of the fuse and from the iron
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30 part (120) of the pol yurethane fuse (120, 122). The
loop (126) is part of an electrical ignition system
(not shown) for igniting the polyurethane fuse (120,
122). -30 APCI 06880 EPC (P15149EP) As filed - Apri

0.7 a ) has a first gas flow contro
igégﬁrgﬁg?%i{ﬁ% é%z%vi ded in the outlet end portion
(114) '

of "'the inner tube (110) and a second gas fl ow

tr ol riuce. [ h il e d
R I BB SBmy 2  Tord s B R Sy b8 o
iqri0®) tdlesdrioas ia tbei opetét pend i peryik8?) (Ifedr oft kbe outer
' t d | ) f th tub
o G048 ThE' 1aRCE"TIBSS i ity e TR aril (129
ircamoreiigen ghs0f14%6) of the lance (102) to prevent

them frombeing ejected out of the |lance (102) during
use. The thermc lance (102) is ignited by applying an

15 elRCtenick e bﬁggeﬁf tAPOESh 21 USdite: the 8! el beal

ignition system {not shown) through the |oop (126) of
marGiges @itr @ “ahprnebpkyHbew gaate s(abs @Atk Sughmi he

c 1 t . : t f ut 1/ . Th

o 2O e e O Fa T O e P o e S Famce
fqri 20t tafhat e pokyugephapesésiser (AL fi2aewt2X),. athghich

ol.yuret hane fu burns "white hot" in o en, i.e. .
P TS SRV ISP AFPHCTBRT | Sohih LSS LIS S8 goerating
orab@itspl2@B0El olworbgei £eomhgbduitom ¢ Ustniw rtes apba4) 100be

5 conbination of the ignited fuse wires (124) and
1 ﬁHFhiﬁgg'fPPQPtpéPP %i@h?ld@eﬁ?ﬁgﬁﬂﬂ)HBQQ e §dge and

tHel H3grbe2hfi BphbR peXysenidh ovedsi i ficient to ignite
the outlet end porglon (114) of the inner tube (110).
30 The second part (122) of the fuse (120, 122) and

theFigure 3 represents schematically how four lances
(302a, 302b, 302c, 302d) as depicted in Figures 1 and 2

might be connected for use as a system of fireworks.

The first lance (302a) is connected via a first gas
conduit (332a) to a normally closed solenoid valve (334a)
which, in turn, is connected via a second gas conduit (336)
to a source (338) of high pressure oxygen gas via a pressure
regulator (340). An example of a suitable source is a
cylinder (338) of compressed oxygen gas at a pressure of

about 30 MPa.

The outlet end portion of the lance (302a) is connected
to a polyurethane fuse (320a) which in turn is connected to
an electrical igniter (342a). The electrical igniter (342a)
and the solenoid valve (334a) are connected by the same
circuit (344) to a switch array (346) (or a computer

operated array of relays) powered by a means (348) of
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remaining iron fuse wires (124) are ignited by the

heat from the burning first part (120) of the fuse
and fromthe iron -31 APCI 06880 EPC (P15149EP) As
filed - April 2007 that is already ignited. There is

f |8 t to ignite the iron in the outlet
AP&P :%ﬁ} qu igg Qbf the outer tube (104) of the
ance 53 an

the ends of the rods (116) in the
pr%wﬂ?lg%&m Sutfbnd LW A 1y 9en ¢t taggggh Lhe

an be  nmai ntained at  a "stan
bat&eey(e.g. about 5 1/mn) wuntil the | ance is required
for use, e.g. as a thermc lance for cutting or
boring purposes or as a firework, at which 10 point

t hem&ygeectkomr atgnCeer b@4nor easetbet onan eppanstag
or "display" fIOM/rate fram about 10 1/ m n_to about

cizgyst irﬁwnt 8. golemtR Vel Wit ) dépEndiFRYSupbhc
igndRee %wa@ngndtme degr-ee @‘34%.961&&&%%@1 ealibpBndently

required. 15 Figure 3 represents schematically how
congypliiahées (302a, 302b, 302c, 302d) as depicted in
Figures 1 and 2 might be connected for use as a
systemof fireworks. The first lance (302a) is
conBechedfvthe arérhamirwslarmscdﬂwlzﬂot, (832a) 302dAa is
ed solenoid v p turn,

I
RS S VR R S R ST

source (338) of high pressure oxygen gas via a

pressure regulator (340). An exanple of a suita
SOUrBeUPE: aOX KGR g (03 O™ st é?élé&em@ééh 5%§°u9h

thdl r8ghn gesyr @3@6 Zon &R0 W 3 M2 rENg s0Wklke@NErom about
portion of the lIance (302a) is connected to a

30pMPauet AhAet f 1eekRa20m)thshissH eneiduivalivescdrpeet edP 4,
33?%4e5§gagical igniter (342a). The electrical igniter
2a )

When a particular lance is required, electrical current
is passed through the relevant part of the circuitry (344)
to open the respective valve and to ignite the electrical
igniter thereby igniting the lance itself. Once lit, the
lance may be used as a firework simply by increasing the
flow of oxygen through the lance (e.g. by opening the

solenoid valve further).

A firework display may be created by the sequential
opening and closing of the solenoid valves or otherwise
varying oxidant gas flow rates in particular orders to

create aesthetically pleasing patterns and effects.

Figure 4 is a schematic representation of the test
arrangement used in the following Example. A lance (402) is

connected to a cylinder (438) of oxygen gas at 30 MPa via
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30 and the solenoid valve (334a) are connected by the
sane circuit (344) to a swwtch array (346) (or a
conmputer operated array of relays) powered by a neans
(348) of -32 APCI 06880 EPC (P15149EP) As filed -

A#ggrdgsagq:% gfﬁppg electric current which, in this
311

Cafflg LSy ery. The electrical igniter (342a) may
be on a separate 5 circuit fromthe sol enoid val ve

cé(%gh}ac) a('l%zﬁt hyg) LAS LgpLLersad232a)02nd A JE?S MAVEE the

nde pendently” contfo ab1e of the
1&&Hﬂﬂﬂﬁlﬂ}dva@@@Sb&3©Bb eBO2triGaRd)gnist ich) symeect(@d4,

jn th irst lance. (30
24 oot SIS AR bl preEaber 05T A it gas 1o
cdrﬁga.dtéﬁd)lby( M Qrevlatre thgubDaessul£si)s deilucedridudm (454)
about 30 MPa to about 700kPa to the sol enoid val ves
tq Fpeconsyyalves (438¢ 334d). When a particul ar | ance
is required, electrical current is passed through the
rel evant part of the circuitry (344) to open the
r espére ifvigepginie (4A8) t @as|gner@t¢cheaelct€tﬁcrmmd 2fpove and

méygrﬂet eé'xttll?@iﬁ e'dg[lht gertngl(.e e@%%goit e np n%%%fl It‘gne

l'ance “may be use as & fir
oxy’gﬁrewmgyt He .ef.] bw olosxygevalve oldint) he:d amee fieegork

i R Y BUCB7 YAREI BT oS KA1 ke e SEG A

valasi (g ef) the thel eneedovrl ves or otherwise varying
oxi dant gas flow rates in particular orders to create
aesthetically pleasing patterns and effects. 30 Figure

4 '%zeafe%%%@attbcFE%QE%e@Aaéh@nm@f d herit@siton ignition
arrangenent "used in the | owi ng Exanple. A | ance
SY¥EM) drsunit (558) is mounted at the outer end portion
(108) of the outer tube (104) of the lance (102) described
in Figure 1. Specifically, the friction ignition system
(558) is mounted on the plastic fuse (120) on the inner tube

(110) .

The friction ignition system (558) has a rotor (560)

and a combustible housing (562, 570). The rotor has a
spindle (568) for mounting the rotor within the main body of
the housing (562). The housing (562, 570) has a gas inlet
(564) mounted in gas flow communication with at least one
gas flow path (118), and at least one gas outlet (566). The
housing (562, 570) defines a gas flow pathway between the
gas inlet (564) and the gas outlet(s) (566). The rotor

(560) is mounted for rotation within the gas flow pathway.

The top portion (570) of the housing holds an small
quantity of a friction match composition (572), usually

comprising a chlorate and/or perchlorate salt such as
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connected to a cylinder (438) of oxygen gas at 30 MPa
via -33 APCI 06880 EPC (P15149EP) As filed - Apri
2007 conduits (432, 436) and val ves (434, 440).
Ignition of the lance is provided by the electrica

Ap&g%' EéoOEp§W§E$g8E444 446) . A cylinder (450) of

as GAQ! n di oxide gas is connected by a
pressure reg ator (452) and a conduit (454) 5 to a

poggggggBeQE¥ghié§§Qe TTEhJ'éﬁaMgﬁ(ﬁ%%Pékegalgp?gég?deﬁéends

escri ove and may be exti In an
iHEWetgencympgsshmelr§ﬂ2ﬁf tThe thﬁgeﬂnéupﬁlyhéispin@ye

val ve (434)).to.t firew i nst
S RAFy PRE CHF bORC TR gt (s Ty et dgB okl BB £
ho(143%6)y) to the firework. Referring to Flgures 5A and
5B, a friction ignition systemor unit (558) is
nounted at the outer end portion 15 (108) of the

out e tHBee£dR) i Pled NOHANGRHL0ZbrBesekl PBEokNand the
Figure 1. Specifically, the friction ignition system

hopssgy pxenvade elron a Helaftans @atesdal120¥hoAst he

(110). 20 The friction ignition system
poeggg? %as a rotor (560) and a conbusti bl e housing

(562, 570) The rotor has a spindle (568) for
nou t| r wthin_the bod
hou g g) ]1‘% t-ho(if-’eﬁ n Y ré)70) % Saseg(i]agt lrllrn?u&h

th(e564)1cemambeﬁ &nd gasrid e HEBLY qa@oon wrhé abtbeast
one 25 %as flow path (118%;6(25nd at | east one

rosatrat WE58EY. CHReNOHHRT n 6?70378Pddéﬁﬁ5§g% gasurs

bekl@vnpahBvey: et neen) thes RS Hodsahg( 3642) anﬁrbaﬁcgﬁ’é
outlet(s) (566). The r ot or (560) i S nDunte for

hepst whil6h WBRAE®S tHee dzausingy ($42Hhway RogetTRB Pbpthe rotor
t ( I LLioAuaBhsty
5%?'3 'a?go ?;Hité’é El%@c%l@sﬁl’zg’ll gf%. %@7%)6,@8@ pi REHL |
which in turn also ignites the housing (562, 570) Once
ignited, the friction ignition system (558) ignites the
plastic fuse (120) and the lance is then ignited in the

usual way.
EXAMPLE

A firework system was set up as depicted in Figure 4.
The lance (402) was 2 m long and consisted of an outer steel
tube of circular cross section, having an outside diameter
of about 16 mm and a bore of about 14 mm, enclosing a
plurality of soft iron wires and aluminium tubing. A
polyurethane fuse was provided at the outlet end portion of

the lance.

The lance was ignited electrically and gaseous

molecular oxygen at a pressure of about 200 kPa to about 400
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conprising a chlorate and/or perchlorate salt such as
-34 APCI 06880 EPC (P15149EP) As filed - April 2007
pot assi um perchl orate. One end of the spindle (568)

extends into the conposition (572). The other end of

Bh ndle p.€XjHAUs into an aperture in the main body
¥ et s

ousing. 5 1In the exenplified
enbodlnent both the rotor and the housing are made

kﬁa( QAL s%%td' ¢HrBREA" LAL §%ﬁgeaa°‘t PO VSR) WANRe Oflqul/mln

| ow of oxi dant ga$, usual 02, is passed through
lrtlktelaléwbe theo2) adhedrt [ugnsttdme, rat gr0q 56Min.The rotor
rotates within the housing (562, 570) and friction
occurs between the rotor (560) and the housing (562),
pr odigmiing onheabkwhbehti goi & esftdwe wioitti nhe 3G2)ce burnt

Rot ation.of the rot 560 aIs ignites the
S o] 1 e BB OLPE o PBYt i o & ee, AR, p ghover
of GYiles tWiha tRoustngel D64, séaw&s ENeEl dHEiwiRAe e the

friction ignition system (558) ignites the plastic
afrlj%ee et PeeangonrempaneRics e akpit ed mimutes - udhsl

dht 2 %%éwghﬁmeAwsgrs LK &ystemwas set up as

deplcted in Figure 4. e | ance (402) was 2 mlong
and consi sted of an outer steel 25 tube of circul ar

Cro%%.%%%th ntothIng a? OUtSI§Ea qﬂﬁ{er OEt%QO% ameter
mm ahd a bore “6f *alotit! 2% BhCIBEIm urallfy
ofof2és afit nameanEheSeeﬁédahm@1Igmﬂnddﬂnuu;es%fully using the

r f rovi h I n
cgc%,%/u g%tl Qfeaﬂeliggh\é\ggn psgstgn? ddgglcg teed olli!lt Feltgu?:e% 5A and

Advantages of preferred embodiments the present

invention include:
e Safer and more convenient ignition of thermic lances;
¢ Reliable remote ignition of thermic lances;

e Safer to make, transport and store than conventional

fireworks;

e Safer to use than conventional fireworks as the

firework may be extinguished by shutting off the oxygen
supply;

e Less toxic than conventional fireworks;

e Less expensive than conventional fireworks; and

¢ ILess harmful to the environment than conventional

fireworks.

Throughout the specification, the term “means” in the

context of means for carrying out a function, is intended to
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30 The lance was ignited electrically and gaseous
nol ecul ar oxygen at a pressure of about 200 kPa to
about 400 -35 APCI 06880 EPC (P15149EP) As filed -
April 2007 kPa was passed through the lance at a flow
n|t|aIIy, then, after ignition, at
éﬁﬁ%ﬁg iggllljp EL;(@I onh took about 10 s after which the
| ance urnt 5 successfully with a plune of bri ght
it ef h e
e T e S o s s e
camtriycbutobkagbbuthcRiomnut es. The height of the plune
was about 6m 10 Lances up to 6 min |ength and havi ng
an outer diameter of 26 nm have been tested and
|gnEted1$MCbeSSﬁpféylatédthdﬁéthéﬁjﬁV¢nkﬁbﬁtu9nnot
nition systemdepicted in Figures 5A and. 5B,

r?& aftagdesCofhpriekrt ke %ﬁﬂﬁﬁﬁ?ﬁﬁﬂﬁ?oWﬁeWﬁF@séﬁFerence to
tHeNyeREEPReANENHER me e G5uNhdP i@ RY@N i8Rk £i 68t 1 608
of "therm c | ances; Reliable rempte ignition of
andhypriiatianeesan Safeade gvitdiat depadsang sna@mstheescope
t - - Lon r 0 han
oS enty SAS T PR TP R ts Rk s
extingui shed by shutting off the oxygen supply; Less
toxi c than conventional fireworks; 25 Less expensive
t han conventional fireworks; and Less harnful to the
envi ronnent than conventional fireworks. Throughout
the specification, the term"neans" in the
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30 context of means for carrying out a function, is
intended to -36 APCI 06880 EPC (P15149EP) As filed -
April 2007 refer to at | east one device adapted and/ or
constructed to carry out that function. It will be

p ' d he invention is not 5 restricted to
i?ggﬁgtﬁ%ﬁ%ﬁéﬁ%ﬁpﬁed above with reference to the
preferred enbodi nents but that nunerous nodifications
and variations can be madg;wffout departing fromthe
scope of the invention a ned by the follow ng
clains. -37 APCI 06880 EPC (P15149EP) As filed -
Apr i 0Q7 ALNG. 1. Use of a thermc | ance as a
L et B S e a1 oG Racd KO E R 1 e o1 n sai
thermic lance (102) conprises: a conbustible netal
outer tube (104) having an oxidant, gas inlet end
2 por tY6h 3C168P 8R4 AR Sg?‘ll@t 1etaerolt i q tdmrmicsdiggee
(B0 pdnfdQRechei ng in gas flow communication al ong at
10 |l east one gas flow path (118); and an ignition
systaerﬁc(“m,tl%éz, mepal opersEghe noiitlediaating lag oxidant

Qutil ptare A ( of ,khe o ); for
gignlitiengré?lhdg%loglﬁggn(%gggs? 1ad 6 B (s GO 108,
sgdldiand pavgrieins bréngghnt gas Siow erommus iaatriicrt iadlong at
[anition system (55 ising a rotor (560, 568)
léa% fnfoﬁg)éstfﬁBWepﬁgﬁsgﬁn)g‘g{ 5682?09570), sai d housi ng
(562An S40) tdonpeysteg algas im et144H64)2610WHsed Modingas at
flow cormur&i cation with the or at |east ogne a%s fl ow

Eh et PR §oghdont (1885t ChndhgRutsH 1P 566)) $ard
1USIRY tH2622an2€0) 102) .

3. Use as claimed in Claim 2 wherein the ignition system
is a friction ignition system (558) comprising a rotor (560,
568) and a combustible housing (562, 570), said housing
(562, 570) comprising a gas inlet (564) mounted in gas flow
communication with the or at least one gas flow path (118),
and at least one gas outlet (566), said housing (562, 570)
defining a gas flow pathway between said gas inlet (564) and
said gas outlet(s) (566), said rotor (560, 568) being
mounted within said gas flow pathway for rotation within the
housing (562, 570) by a flow of gas along said gas flow
pathway.

4, Use as claimed in Claim 3 wherein the combustible

housing (562) comprises a plastics material.

5. Use as claimed in Claim 3 or Claim 4 wherein the rotor
(560, 568) is mounted in direct contact with the housing

(562, 570).
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defining a gas flow pathway between said gas inlet

(564) and said gas outlet(s) (566), said rotor (560,
568) being nounted within said gas flow pathway for
rotation within the housing (562, 570) by a flow of

o flow 25 pathway. 4. Use as cl ai ned
AP&?% EQEIMEQMQ?E the conbustible housing (562)

conprlses a plastics material. 30 5. Use as clained in
Caim3 or Aaim4 wherein the rotor (560, 568) is
nmounted in direct contact wwth the housing (562,
6.570yse- 38 AP€1m6®88@<EPGMQEHE¢¢QEQP the firiedionApgnition
as_claine m 5 mherel rpc
svRSR 13377 o5BTeft fedat hant i PIRasl GRBeabrbtEfeen
theombaot lpcoeenes) hend oty HAMAND 68k 2and 70heahdushagein
2, 570) and wherein 5 a rasiye materi [

| is
anpf"g\'FF‘&éHe aPetREldt L BRAEtdsshétofthe s&irdaﬁoiﬁf@t opne of

sa@@nbaghts’of Us€ndsc! aimed in any of Clains 3 to 6
wherein a frictional match conposition (572) is

provi ded between a 10 portion of the rotor (560, 568)
7. a”duéep%tb@&u% %‘? J}%%{‘%la(ﬁéza 260k wﬁer f &s

claimed 1 n any o to 7 wherein the ermec
fﬂl&heen@bnpatsbscempmﬁinmqnkﬂ&?%ﬂ a@tpgowmdaﬂabetusen 15

ock}28n AF20nounE 80 cozpxialdy et ueen the okl Ehe efflaing

portion( outer

(5ieal, e670564) of sald friction ignition systen1(558)
9. Use as clainmed in Caim2 wherein said ignition
system 20 conprises; a conbustible plastic fuse (120,

8.122)55c28d aDaeh&st 1 Caly ICNidliQmeS¥stem(FBE el the
theggaglggncglgomprlses a combustible plastic tubular fuse
(120, 122) mounted co-axially between the outlet end portion
(108) of said outer tube (104) and the gas inlet (564) of

said friction ignition system (558).

9. Use as claimed in Claim 2 wherein said ignition system
comprises;

a combustible plastic fuse (120, 122); and

an electrical ignition system (126) for igniting said

fuse (120, 122).

10. Use as claimed in Claim 9 wherein the plastic fuse
(120, 122) is tubular and is mounted co-axially at the
outlet end portion (108) of said outer tube (104).

11. Use as claimed in any of Claims 8 to 10 wherein the
plastic fuse further comprises a plurality of combustible
metal wires (124) extending from the fuse into said outer

tube.
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fuse (120, 122). 25 10. Use as clainmed in Claim9
wherein the plastic fuse (120, 122) is tubular and is
nounted co-axially at the outlet end portion (108) of
said outer tube (104). 11. Use as clained in any of

apd ALDH 8pd 0pl 14\@/@Fr ein the 30 plastic fuse further
asCANREI Se5.A phprality of combustible metal wires

(124) extending fromthe fuse into said outer tube.
-39 APClI 06880 EPC (P15149EP) As filed - April 2007
12. Use as clainmed any of aim8 to 11 wherein the
12pl a¥skcasf adeind@0any 22 Glnimade tir ¢/ whplkadni the plastic
t I ted rom t he rou .consi_stin
fu%%lsé?gfh;%é polys yr%%e Sﬁyefh %erlg%dsel Cted
frbd. thleegasupl abnedst Inanryt tﬁol@hﬁde{t&a&et 0pa>2ywhgrene
Oﬁ Eern1c | ance. conprises at | east one first gas
¥ OREFOI 2PApRY IR e (128) provided at the outl et
end of the outer tube 10 or in the fuse for
controlling gas flow through the fuse. 14. Use as
13c| alVRBdapnChpimed O any Ot FlB3nghér &on leheheraérntlee

thleéme @gg@gl}(g@g%%g%%%a#e%n@gq&stnasg %ygﬁ &&&g)ol

havi ng 15 gas 1 nlet en ortion (112)
apamtuuelét2éhdpp@Vid$¢14ujnna owsdied endepftube betey tube

pr.gv £Go-a |aII i.n_said ter . tube h the
orou EREeRisRor el oromtt ke dee 28 sbrdiirnshhyey
the outlet end portlon of the outer tube; and a
plurall ustible metal rods (116), ortlon
1430 HF’es‘3¥dC{J?HF% i3 P R SHAlfsedt \SRA LA Wh?ﬁ 1R nhee

thewhec(1dRde 8BHpt€ed emaining portion being provided
between the inner (110) and outer (104) tubes, said

r od3n( $eBPugeib e Miptonls 1rmegwtydend 1L 218 awingi ant preidant
gaguﬁﬁﬁeEUQﬁdP§8¥££EﬁKhiﬁ%%‘QﬂﬁNan outlet end portion (114),
said inner tube being provided co-axially within said outer
tube with the outlet end portion of the inner tube extending
beyond the outlet end portion of the outer tube; and

a plurality of combustible metal rods (116), a portion
of said plurality being enclosed within the inner tube (110)
and the remaining portion being provided between the inner
(110) and outer (104) tubes, said rods (116) defining gas
flow paths (118) within the outer tube providing gas flow

communication between the end portions of said outer tube.

15. Use as claimed in Claim 14 wherein said thermic lance
comprises a combustible plastic fuse (120, 122) mounted at
the outlet end portion (108) of said outer tube (104) for
igniting said lance (102), wherein the plastic fuse has two
parts, a first part (120) mounted on the outlet end portion
of the inner tube and a second part (122) mounted on the

outlet end portion of the outer tube.
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communi cati on between the end portions of said outer
tube. 25 15. Use as clainmed in Caim14 wherein said
thermc | ance conprises a conbustible plastic fuse
(120, 122) nounted at the outlet end portion (108) of

apSRIods ESE bYbE . Ed04) for igniting said |ance (102),
asWheegi Nabhe po@stic fuse has two 30 parts, a first

part (120) nounted on the outlet end portion of the
i nner tube and a second part (122) nounted on the
outlet end portion of the outer tube. -40 APCI 06880
16EPCUeP18849E@imedsin i Clalim 1fphHerzgoy the, pligetag fuse
[ j i - rejn.t | gst u
o B o S s g e by £ DA
wimesed 104 24¢xeanéimg njrdm drhe He fsitr parpact ohet heséuseto

into 5 sajd inner tube an secand plural ity of.
5o BB BE T F BOReTal 2 Vi TEE FIF Adten BEnG PPURF Ehie metal
wiseeond2par &éxoénd gy f £iSe i tHeD sexdindl Pdirer ofubRe f#use Usto
as clainmed in any of daim2 to 16 wherein the 10

sagHePHFET| BHE®: conprises an integral wall projecting
radially fromthe inner surface of the outer tube at
the oxidant gas inlet end portion thereof defining a

17secHRE gasciaonedoin raty afpdérliadme 2( £80)6f wherein the

. r.ohLj ' g h he O
1 0 P S el AR e e S e L
trahecbenither shefade dfande corgeri sebeabt| ehet ovh@ant gas
._colorant_ provi ded on | east a portion of t
ing BB B oYt et 147 S Toeir” 96088 Sugefhav control
apekaiuped (110 pnfoOf cdA Il ihd @ hk8 Fabar efNokhgant hga4n C
| ance conprises at |east one |ayer of paper enclosing

thrREIBUERE PRy tube.

18. Use as claimed in any of Claim 2 to 17 wherein the
thermic lance comprises at least one colorant provided on at

least a portion of the surfaces of the combustible metal.

15. Use as claimed in any of Claims 2 to 18 wherein the
thermic lance comprises at least one layer of paper

enclosing the outer tube.

20. Use as claimed in any of Claims 2 to 19 wherein the
thermic lance comprises:

a normally closed solenoid valve (334) for controlling
the flow of oxidant gas through the lance;

a first conduit (332) for providing gas flow
communication between said valve and the oxidant gas inlet
end portion of the outer tube of said thermic lance;

means (348) for producing electric current;
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20. Use as clainmed in any of Clains 2 to 19 wherein
the 25 thermc lance conprises: a normally closed
sol enoid valve (334) for controlling the flow of
oxi dant gas through the lance; a first conduit (332)

APE?%6Q50%5Q ﬁg59§%aglom1 connunication betmeen said

asVA L § a nt gas inlet 30 end portion of the
outer tu said therm c |ance; means (348) for

?L‘i%%%sﬁ%f%is%ﬁséﬂéi% 3T e R aie e
ekamﬂm&cﬁﬂonir@ﬁdﬁ)béDWe@mowaxﬂrqpknnond eetlviecahdcercdi t
en saiggsoleno d val ve and said ans for

bet
M RSO B P BELPE CObTTT BT : CORERT ‘sviCLh (346) f or

contar eldiced t(besf | owt oa‘:o@iﬁsurnrg theC Wlenbfaeoepdribe

electrical circuit to each valve. 21. Use as cl ai med
cyryeditaprPepdnkbe e e e el @ b IRt tosRedy vadye -

include a fusable circuit breaker nounted at the

oxi dant gas inlet end portion of the outer tube of the
211.0 Useces 22aiuwed &s @l@irwezzp ivhe@tedirmt2@ edecCtaiinn2l

I h C e a e.pLn
co%%al‘éllgp‘s gf’ﬁ&pﬁé% %%f% cslfq[’éd scf%r%a?c)oé\% gu%u}é@le}ﬂ akMtne
oxxda@angagasnﬂetthedtpmwtumndeIuhuxbumeramubegnftthe"

1 flowrate for ignition of the thermc [Iance while the
a6 enoi d valve is closed. 23. Use as clained in any of
Caim2 to 22 wherein the thermc |ance conprising a
spring | oaded valve nounted in 20 the gas flow path at

22t-ne USRy §ENCHAIMPA| 88 SRREDIQ ivh DrRrithel wheseinubleof

tﬂé?%lbaﬁﬁﬁcesébﬂp¥§£¥§ §¢5§§b§§6#§¥$é qnt%%r%@@@l with the
position by a fusabl e detent. Use as clained in

sodpodfl Thavasiort prodiguny ecrxmaiasm ig#s to the thermic

lance at an “ignition” flow rate for ignition of the thermic

lance while the solenoid wvalve is closed.

23. Use as claimed in any of Claim 2 to 22 wherein the
thermic lance comprising a spring loaded valve mounted in
the gas flow path at the oxygen gas inlet end portion of the
outer tube of the lance, said valve being biased in the open

position by a fusable detent.

24. Use as claimed in any of Claims 2 to 23 whereina solid
oxidant material is provided on at least a portion of the

outlet end portion of the lance.

25. Use as claimed in any of Claims 2 to 24 wherein the or
at least one combustible metal is an alloy comprising at

least one first metal selected from iron and aluminium, and
at least one second metal selected from the metals of Groups

IA and IIA of the periodic table.
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25 oxidant material is provided on at |east a portion
of the outlet end portion of the |ance. 25. Use as
claimed in any of Clains 2 to 24 wherein the or at
| east one conbustible netal is an alloy conprising at

A;%E d6%§§tEP@”?Plé&l&tp metal selected fromiron and

a nL at | east one second netal selected

ASf rg%dt heq@rrr%e?gl 27 of Groups 1A and Il A of the periodic
table. -42 APCI 06880 EPC (P15149EP) As filed - April
2007 26. A systemof fireworks, said system

2&conpgy isvistgm of §@uﬁwerk338$a3d0$ysﬁenprcesmxrﬂss@@

oxi dant pl ity of therm c.|ancgs

On! GhHoaR (3P AR oY BletfOHRLy Sheh 1RR)T

t herampd urandey aff thétm!t@n?zuﬂléeé 3%2hf?r each pgl !rlt ng

of a valve and a thermc | ance, eac i rst condui

f or a&&%lgﬂaﬁé gas frow CRRrRhi tkYon Bdwdor sacd
thednve apgckhe oxidant gas inlet 10 end portion of the

outer tube of said thernic | ance; and a second

con@wftlr(sf%GPnfiéF»tpKé%?bllf@rgfa%chlmrlé’mmfmacaﬁllvn and a

tHREMMeen 52kd §9350f19£tp55§§§fﬂ§$ﬂ:3%%)I %aﬁas EQOW

each val ve. . A system as .
cammpiicsitngnabeoween| sas@s?ehvé 36 tfher qxarailalnel gas inlet

rati, i dyval ve yst. cl.ainged in
@D TSI B8, Enk lfRr Ake S0 ST ARG, TafepT ana
C|an@eSOhénObdduﬁtVe336ﬁlﬂx@Qﬂgﬁﬁth@pF%ﬁsEQGW
risin ans (348) for producing electric
éfﬂ@‘éﬁ?tlg& EEFW%& S%%%%@H%@f( PLES G spPoPrdAARt gas
am eaeheghnieal circuit between each sol enoid val ve and
said neans for producing electric current; and

27. A system as claimed in Claim 26 comprising a control

system (346) for remotely operating said valves.

28. A system as claimed in Claim 27 wherein each valve
(334) is a normally closed solenoid valve, said control
system comprising:

means (348) for producing electric current;

electrical connections (344) for providing an
electrical circuit between each solenoid valve and said
means for producing electric current; and

a switch (346) for controlling the flow of electric

current around each electrical circuit to each valve.

29. A system as claimed in any of Claims 26 to 28
comprising a separate bypass valve in parallel with each
flow control valve for providing oxidant gas to the thermic
lance at an “ignition” flow rate for ignition of the thermic

lance while the solenoid valve is closed.
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25 a switch (346) for controlling the flow of electric
current around each electrical circuit to each val ve.
29. A systemas clainmed in any of Clains 26 to 28
conprising a separate bypass valve in parallel with

AlRaCH 530 ELJCOY\ﬁl%QB{ErP(?l valve for providing oxidant gas
ad @iie-tRLEMLo, 1 ance at an "ignition"” flowrate for
ignition of the thermc |ance while the sol enoid

valve is closed. -43 APCI 06880 EPC (P15149EP) As
filed - April 2007 30. A systemas clained in any of
3T aikssyEsam a9 cledmpdi shngnyackotkaing 480,tA5®) of

ed inert gas; 5 an inert gas flow contro
cvéi éHf%§ a third conduit (454) for providing gas
fl(mm.snmmnmnuaamiOASDetmEepreasﬁrSsmdcineﬁt aassuri sed
i nert %gs and s% i nert S rol val ve; and

wher®t gt 93%e tloﬁagoleB C%?]JtY%l %/Sa%)v'e is in gas

flow tH)reowomduGat i(@BaW EBr egEdv] @ gatl £ 1AwSYSt em
as clainmed in any of Cains 26 to 30 conprising: at
COrEEtl GHte o desaesh ééP@raﬁFrCQSD%EQﬁﬁﬁﬁ%ﬁl%ﬁﬁhhﬁ§r§a9és

arch's(Hﬁ{‘tlnferr‘%mg%%' élég%sﬁtwlavaiv@waq{d oxi dant gas in
the second conduit. 32. A systemas claimed in any of

wigieeims 526 & dnertwoesef howt penorohtvdleastisona Igascd Loy
cGinfBldN G D3R Bln QBRIE. 2 20 10 100 s & T o
0 tn e

usin ["'éast ~on riic lance (102) as a
flremork sai d nmet hod conpr|5|ng passi ng pressurised

oxi dant s at a ignition” 25 rate through
5 010 ke oL ARl O TP Zd 32 o
comprising:
at least one source of colorant;
means for adding said colorant from said source to a

flow of oxidant gas in the second conduit.

32. A system as claimed in any of Claims 26 to 31 wherein
the or at least one lance is as defined in any of Claims 2

to 25.

33. A method of using at least one thermic lance (102) as a
firework, said method comprising:

passing pressurised oxidant gas at an “ignition” flow
rate through said thermic lance (102);

igniting said thermic lance (102);

after ignition, maintaining the flow of pressurised
oxidant gas through said lance at a “standby” flow rate
until said firework is required; and then

when required, increasing the flow of pressurised
oxidant gas from said “standby” flow rate to a “display”

flow rate.
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igniting said thermc |ance (102); after ignition,
mai ntai ning the flow of pressurised oxidant gas
through said | ance at a "standby" flow rate wuntil
said firework is required; and then 30 when required,

Apép%égﬁ§tgg EPE“? OMIOf pressurlsed oxi dant gas from

Wrateto a "display" flowrate.
4 APCI 06880 EPC (P15149EP) As filed - April 2007
34. A nethod as clained in Caim33 wherein said
"ignition* flowrate is froml1l 1/mn to 10 1/mn. 5
3435. AAmﬁEhhddaascbatmedxﬁnrfkaﬂm|®33$h@re¢ha5ﬁi64“ignition”

wher ei saLd "s by" f elsfmmljjmnto
Eloy 1r e 18 ro%\Lg£ﬁ$§1§§> d%'n any of O ainms 33
to 35 mhereln sai d display rom;rate is from 10

1/n1n to 1000 1/mn. .10 37. A nmethod as.clained in
353ny AoReEnain@s 33la e hdr@im eher &3&5%;4 yiegrin

sa&at@stanas{ﬂ' eg1 &% £osd red Aowary Alnt ke 1di sphay. 15
. Athermc lance conprising: a conbustible netal

outer tube (104) having an oxidant gas inlet end
36I°°r§x' QQtﬁ&QGA%aQFaﬂﬁb&%A %ﬁf%‘iﬂ Rl AN 36108) 35 wALfein
end portions being In gas ow communi cati on al ong at
salidastiieptagastibwwatet hig iy 1And /BAnatbr LoD oh/min.
ignition system (558) nounted at the outlet end
portion (108) of the outer tube (104), said friction
371. gnN meBhey sk ent (Shigd cianmrysiofy claiakos3( 560365683 rein
conbusti bl e hou3|‘9 (562, 570) gld housi ﬁ
th€5é§188376¥ EbAr TR gt S st shivet d@@é&f mbEn¥@EYi ko the

3igas af,l. ow 25 conmuni cati on MAth the or at |east one gas
ow path (118),

38. A thermic lance comprising:

a combustible metal outer tube (104) having an oxidant
gas inlet end portion (106) and an outlet end portion (108),
said end portions being in gas flow communication along at
least one gas flow path (118); and

a friction ignition system (558) mounted at the outlet
end portion (108) of the outer tube (104), said friction
ignition system (558) comprising a rotor (560, 568) and a
combustible housing (562, 570), said housing (562, 570)
comprising a gas inlet (564) mounted in gas flow
communication with the or at least one gas flow path (118),
and at least one gas outlet (566), said housing (562, 570)
defining a gas flow pathway between said gas inlet (564) and
said gas outlet(s) (566), said rotor (560, 568) being
mounted within said gas flow pathway for rotation within the
housing (562, 570) by a flow of gas along said gas flow
pathway.
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and at | east one gas outlet (566), said housing (562,
570) defining a gas flow pat hway between sai d gas
inlet (564) and said gas outlet(s) (566), said rotor
(560, 568) being nounted within said gas flow pat hway
r 0 n the 30 housing (562, 570) by a
sfCI oerg(g%)%ﬂc (%j\%é%m aid gas flow pathway. -45 APCI
06880 EP ?P15149EP) As filed - April 2007 39. A
3§hegg| ri a,gonmbustible metal outer
éﬁéﬁmhanﬁgE%ﬁ%bggagn?g as inlet end portion
(1063 b ust idnitd e@teﬁdopoetlbnb¢10894 bﬁﬂxhgﬂﬂn ox1dant

oriions bei munj cai i on

G b O pathel 128 o e ffhe et S d1o9),
sii@eer(d.%ibrt’hﬂj)s IﬁéliﬁhtgednagabhEIOQUéd)rﬁmuﬁwhtﬁmﬂ Iadn)ng at
(108) of said _outer tube é104) for igniting said
laflcePRAEHS Ry &3t8 é¢tf) éal ignition system (126)

for 4 g i3aied ﬁﬂa@,tfwseueé2@1zé22m Whgs@ited RE the
plastic fuse further conprises a plurality of

ogokgfusanidlronrEca  (WoBes 0@1&4}de§2’t1’é¢17€h Hged r orR4)hdduse

g AR AL d R &AM 39 ac defined in any of

C aiams dda@sal- 4@nition system (126) for igniting said
fuse (120, 122),
wherein the plastic fuse further comprises a plurality of
combustible metal wires (124) extending from the fuse into

said outer tube.

40. A thermic lance as claimed in Claim 38 or Claim 39 as

defined in any of Claims 2 to 25.
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