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GAS SAFETY | NDI'CATI NG DEVI CE The present invent]i on REPMEED: 81EESSfer y5C

dgvice to regi ster a dangerous and/ or undeélsi rat%Egs&;lpﬁpésémedl--n»-'at"df@ﬁ?q ned-
si‘tuation, such as the casing of an article whij{khClaimé)on : bagedesli-et9 paged ...
particular a flashlight. A preferred usage is dE] ®rewvisgohneegedassowimaeed ...
with nmeans for.acti'vatind.«an ‘audi o or visual d4yl edswnce thegegas..i® paged ...
detected. It is well known in the art that the @{;@gg@ﬁeR@‘Lmﬁt,a,,l_,_n,,,ga_s,_g,s___,l_n.,

a confined space can result in serious robI ens to-rdi-virduatsTorTreare an
environment where the gases COROdALS 1 { Eor exanple, it is
known that problens arise in attenpti ng to conf| ne hydrogen and oxygen
under pressure such as in el ectrochem cal eI I s., In flashlights anQ a cell

is inserted with ofII!i‘EPr%%'ItI%VGBHP“I tﬁs‘ioé'ﬁéeélé devicrdpaegister aqangergunangier coul d

be forned fr Orﬁhamamb%wpﬁ&n@miﬁeeﬁ sinekiorCtypieallysa Sinfinbe sifiaki6n, saéh Assthe | N
this situation, .the qge evelo Woul be confined to t e flashlight .
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a5 bul |- up Wil 6 5B SIS oo AR S gl 07, O e

sour ces of hazardous gas I'n a co e could result in
injury to human life and pOSSIb|y create an expl osive condition. For

exanpl e, nmethane b 'ﬁmﬁ géd;cg @ﬁaﬁ{%a\ée fategen life
but coul d expl ode %‘grq’gg&ng?gg%%gﬁ gﬁ% lnéltHJhle&,m ne shaft.
I'n a wor kspac&Pacgcaneswlp inseripys pro Is?mSt @W%Wyﬁ%m«mﬁ\e -
build up to d rcemach&%@h%xprohBQ.UFob@aﬂ@w&twmﬂvnM;Iramemeansem

el ectrochem caLFBmeI | s :&? I osi e m x of dr.ogen. and oxygen
can bui I d up st o et A SF enmy tne i@ ottt & 1B ety cHmicel

el ectrochem c ahlls: eIh IflashlightsAwtena3@li(s Baselitatwitls ethet ¢olls bsﬂnafxewedqmbnd@en,
absor bi ng dev I terial
that wll reac nggs %]roﬁﬁaé é‘gggendﬁgéﬂggf&g%e meygge ??1@?

hydr ogen- cons&ﬁﬂﬁag‘nﬁ@&mamth?b %‘P&Qﬂ vel%nedwpg rbétcéﬂ blighéan be
The mat er I‘J‘”fﬁ;‘;‘fi"’n I"‘efggkf%’ﬁ*’ﬁ‘ﬁﬁg"“ ‘%%‘ ‘gfi; %?fi?wgf?ﬁﬁ a
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at ‘ordi nary agpignl oLATRELAESulatedbe i b bR IR A GoldiBlg KRB change

[err] associate
explosive condition. For example, methane build-up in a mine shaft could not only

injure human life but could explode thereby creating physical damage within the mine
shaft, '

In a workspace, for example, it is quite possible for carbon monoxide to build
up to dangerous levels without being noticed, whilst in electrochemical cells, a
potentially explosive mix of hydrogen and oxygen can build up.

To protect against undesirable hydrogen gas build-up in electrochemical cells,
US-A-3,939,006 discloses the use of a hydrogen absorbing device, preferably a
discrete, shaped body containing a material that will react chemically with hydrogen
gas and a catalyst for the hydrogen-consuming reaction. Preferably, the discrete,
shaped body can be encased in an electrolyte impermeable but hydrogen gas
permeable membrane., The material that can react with hydrogen gas is disclosed as
any solid compound which will react with or oxidise hydrogen to yield a solid or
liquid reaction product. Specifically, suitable materials are those which, at ordinary
ambient temperature, will exhibit a negative free energy change (AF) associated with
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2 the reaction of that material with hydrogen. Preferred reactants include
manganese oxi des such as manganese di oxide [err], manganic oxide [err],
manganese hydroxi de (MMOOH) and hausmannite [err], cupric oxide, silver

oxi de, mercuric oxide, nmanganese phosphate, bisnuth trioxide,
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favour abl e enWr“G ﬁ@ﬁblﬁhﬁ@reby currul ative heating can take place. A
resulting build-up of heat at the nucleus is released to raise the

t t f th t [ f t t which
Gasbs. com ngi nt o WSHkaAR0A7E A S-A53309 4% Biselovs # FRRiF peeRtoRisa inoy ar ¢ ¢ o
Irec 0 {m 11 n;a t heglectrochémitatepits inwhich mer&&gtncldevi@e%umpﬂse@acfomﬁmd tsbwlwy hin a
imted tenper 0ce osed ,cat a

surfaces. ar o Wit e ERoostl e aiBte  auys o F AR TR ITng o

becone sel f-| mdmwnmdeheo@@bmﬂ@yﬁumﬁenﬂeﬂhemdmmnpmemlm rai sed

Eg.t :?3% Ihgr ?u:_:? acgﬁé I S COﬂWﬁg&eg E&S?lﬂ%fﬂ%fégg?o p%@fln?%?ad reveni’?ial%e

exposed cat al Yyishinathermally fivoymblesavitprigentavhseabycymalatiy h’alaﬁlkeXpl osi on
nmay take pl acglacd. ASresu @-h hﬁﬁeaiwnéinﬁ&e&qsw%éﬁo%@ﬂw'téxﬂb&ﬁmfg from
about [err] u&) 0 about rr nd tpe range of .caontr may be ‘extended
downwar dl y td T’El’g?s%?s"al f“é’fl‘? %5’? ginip contactt o

resul ting frowithkde dimhlabdlclsmbwﬂhmnm:&bmbineﬂmdmc@uhﬁme I S

Const ant ;°rt§?vﬁé§8é%&h¥4ﬁa#&%gﬁ§f%ﬁ%§éﬁ% et "’é‘gﬁyﬂ% By gen
reconbi ni ng dbeexposedeatalytic surfacesase sehisctestio twglmpﬁsmg: yt iC

nmass and an etﬁé} Becohde é’é&q}fnﬂﬁg’hﬂﬂe tRenERtvkivh | t!ﬁ:r@ﬁ
therewithin. The catalgtjc Ss i ncludes a_refrac oré subs rate and a

pr edet er m neEXqthemicTpaction 1hus, therate,od recombination p FUrfasep s r at e.
The encl osurecdmdue&mslﬁmitedﬁcﬂoahyelpbmbﬁahds exﬂwe&cammsmi fromal and has

permeabl o porErife ERpPeRRIErfution ah eplbitnah kel £, Bumpctlld Bpf °
f or m ent er i ngtotheavithirl ypper limits o from about 400°C up to about 600°C, and the range of
control may be extended downwardly to values as low as 250°C for some battery
operations. Water resulting from the controlled recombinations at the catalyst surface
is retumed to the electrolyte with catalyst surfaces being maintained in a constantly
reactive condition.

US-A-3,817,717 discloses a hydrogen-oxygen recombining device for use in
- secondary batteries comprising a catalytic mass and an enclosure body having the
 catalytic mass totally enclosed therewithin, The catalytic mass includes a refractory
substrate and a predetermined quantity of catalytic material distributed on the
substrate. The enclosure body consists solely of plastic hydrophobic material and has
a portion which is gas permeable. The hydrophobic material, including its permeable
- portion, prevents liquid and mist from the battery electrolyte form entering the body
- and contaminating the catalytic mass. The permeable portion permits hydrogen and '
oxygen to enter the body and contact the catalytic mass. The permeable pqrtion also
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and contam nating the catal ytic mass. The perrreabl e portion permts
hydrogen and oxygen to enter the body and3contact the catal ytic mass. The
per neabl e portion al so 3 permts water vapour formed by reconbining the
hydrogen and oxygen to diffuse fromthe body. The catalytic nmass has a

cat al yti c net pdrmits watentvapou iforaded bty recombiping thechydrogenand okygen toadiffuser e t han

othern's Sotafind St e kabs SEoiAl Bt nilt R Rl

exot herm c reaction t reco oxyge €l ng

char act er i sedpalipdiygm ¢aptens gf B@Mﬁ&lﬂﬂr‘b %ibyaveightiof the|substrate. hEbesatalytic
tenperature ahWhivhén bmdéxggﬁﬂbk&hérﬁu@%ﬁ&r tﬁ?@&h{wﬁe}’m@ Y&lag &@géﬁybOdy

woul d be changed. US- A- I scl oses a l1.ghtwel gh

bearing a fin “}gﬂ}aﬁcéféﬁe ﬁfiméﬁe {eTBDesRLURE; 1756 AYitH W@h@&gféﬂa‘itﬁmae'BMUs
pol ytetraf| uomﬂﬁ&vbﬁm?lﬁabﬁﬁtzanapemeammﬂwea&b@ré Bodyhwolll ®elchadgelle of a

cell because of its hydrophobic surface properties. Several small odi es of
this kind, each containing about 1 mlligramof palladiumare inserted in
each of a vehicle BS{A-&@GOJS&O disclpsesulightweightovatdlyse bedyclodariap wifinebudivided .

o the el oot BEGFE/IE) PRARNar wBla Ty ¥ Aoihud Bolicifuddbnb Bhy WLIRGHT" 11 o
ef ficiency ofxsumpemablbmﬂreleéecnob'tmﬁm@dmmwaroplmm susfase ng
consi derabl e %ﬁ?ﬁﬁ@s"&%xﬁgsﬁﬁnw tlorlfafaracﬂ%ﬁmxa{ ot ofilighdlf of a1 2l Vst

i s provided, or w.thout, an a carrier ébe act

charcoal , hol Paiadigmeare insgried insachofa yehicle storagaibattery and 9#@94!%%@% f oam
T][le por ous hyﬂmaao%lh n%hﬁhlb'r%hﬁh?bﬁjﬁé?h%ﬂd@ky%é&b%ﬁr%ﬁd%tuﬂ%ﬂe@lﬁt&ﬁde
of superi nposgd, si.nter sinte i scl gses a
bat Lory havi g B BRI efikisntForh o fieh sPbREE trmRerrt POl e g of
cat al yti c r ectherbatalyst is notxedired uoderrcoaditionscgaysing aomsideaatile gemmﬁmruft ion unit
has t enper at e di cate
when an ex et DifR" e chitinaGHA A SuON B ThAlst 8 pfnRRA Wi of Wbt o
present i nveraddiionakeagrier; @aqob@wtw&edachmadhml@mgleasmp $.ﬁg>0a0l§mcdew ce
T T e e e T
material to CHBSH ﬁ?)f'ﬁg? ’é%?’fesﬁ‘qt"rﬁ‘g?‘&e “’L“ff@‘?@?sand a
heat - sensiti ve el enent arranged so as to be sensitive to the exotherm
reaction, the ele t & t the
condltlon of the ?E&&ﬁbﬁg?g g{‘% on ef@"‘ E%e ﬂwh{a fé‘%'ementil o the
exot her nmi ¢ r egeqmbinatiopmitfona paakytic resombinatiom ethydiogenand oxegen andigach
recombination unit has temperature sensitive sensors connected to a common line to

indicate when an excessive recombiner temperature is reached.

In a first aspect, the present invention provides a safety device for detecting
the presence of a predefined gas, the device comprising a material to catalyse an
exothermic reaction involving the gas and a heat-sensitive element arranged so as to
be sensitive to the exothermic reaction, the element forming part of safety circuit such
that the condition of the circuit is altered on exposure of the element to the exothermic
reaction.

It will be appreciated that the gas will generally be one which is not expected
to be present in the given situation, such as hydrogen in an electrochemical cell, or
carbon monoxide in a room. However, it is also possible that the gas in question
could be present in larger quantities than is safe, such as stifling amounts of carbon
dioxide in living quarters. Thus, the present device acts as a safety in the event of
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when a predeterm ned | evel of gas has beeg detected. It wll be appreciated
that the gas will generally be one which I's not expected to be present in

t he given situation, such as hydrogen in an el ectrochemical cell. However,
it is also possible that the gas in question could be present in |arger
quantities théangemous levels of gas; Whether the darger bg dife-threatening, squipmsat-ety in t he

event of RisFlafaldEbF thiddedalngindap OftlePWay! evel s of gas, whether the danger
be life-threatening, equipnment- threateninhg, or threatening in any other

way. The exotherm c reaction need not be such as to cause undue heat. The
only requirenent Ofhd Htheemitirestion heédndteisuct & foltaudtanidué held Thy enlg! ement .

As such, many_catal ystg,.are kno such as.descri.hed above,, which can
suitably ful f{eﬁmﬁ{ggrﬁgigg%o?gﬁgac%e@pMmﬂ gﬁgﬁﬁ'ﬁ?ty S5ou6% BHBh as to
respond in a ¢dtalgstcare kmawngssuch as ddseribedatbowe,wiich eacsuitably fulfil thei recessanyect ,

it can be a bjwptallic strip, a thermstor or a thernochromc strip, to
cite assorted exanples. The main requirenent is that the safety circuit
alerts the user in sone way. The circuit will generally be an electri cal

cireuit but, 1t MEneliBBinetds dhi} RALSIEREO ool phicaf ARk, den 2!

that is necessary Is that the strip hide %g revea ul t abl e nessage.
Wiere the ci rexsthermic rgaction, In this respegt, itcan be ahimeaflicstnp, g dhermitordtdnent | s

el ectrical ly meRsbthidnye strip)tedieassvited RuAmples., Thé'Makl reflifimenBis thatthéret al | i c
strip, such as_to breﬁ%le%]@g%é(e.them rcuit, for exanple, or may change in a

property suchSa{&y cBeH EN UG WY ter the properties of a given

circuit to yield an altered output which can be harnessed to provide the

necessary nessage . . | OfFay T [ tion of
The ol reui t mmy peris SNl el hd SEARAAL RE b und demERiiEs' |
prevail i ng cothgmachromicstripyfar esample; thewall that is negessanyds that the stsiprhideer as t o

provi de a st epvedhishital&mesRper . for exanpl e, where the resistance of the
elenent is affected by heat. If the nessage is not audie or visual, or

both, then a suitable alternative function is as a circuit breaker for the
mai N mechani sm  AcWhesd the circuitdis elebteicalothen it is preférpel thanthaélementibere i s

provided a fl glgcm'iti:a(ﬂ}tconductive. In such an instance, the element may a bimetallic strip, such
as to break or make thecircuit, for example, or may change in a property such as
conductance, so as to alter the properties of a given circuit to yield an altered output
which can be harnessed to provide the necessary message or to perform the necessary
function.

The condition of the circuit may be such as to be closed or open, depending on
the prevailing conditions, or may be altered in a less total manner, so as to provide a
step-calibrated meter, for example, where the resistance of the element is affected by
heat. If the message is not audio or visual, or both, then a suitable elternative function
is as a circuit breaker for the main mechanism.

In an alternative aspect, the invention relates to a safety device for monitoring
gas build-up, particularly in a confined space, comprising a catalytic gas
recombination material that will facilitate an exothermic reaction between a gas to be
monitored and at least one other reactant, preferably in the gaseous or solid phase; a
heat-sensitive conductive element disposed adjacent to the catalytic gas recombination
material; an electrical circuit comprising power means connected to an indicator
means, and wherein said heat-sensitive conductive element is connected as a switch
means between the power means and the indicator means so that when a build-up of a
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conprising a safety device for nonitoring gas build-up in the interior of
the flashlight containing at | east one el &ctrocheni cal cell, conprising a
catal ytic gas reconbination material that will facilitate an exothernic
reacti on between a gas to be nonitored and at | east one other reactant,
preferably i nptedeteguinebleselwf gaota st pbaitored rbaihbd,abﬂ&'tdtlhetmi@mﬁmiéf\the

ol aotrical ci FEuRDnAREF o febalforbdbf e dyfra S0 b EARRHE Bl iRieBly T 20

to a |light bumatenahwlll/!bredmedlesfethd \Mﬂahemdtby\ﬁbe beatesensifivesconiductivet i s

connected as gﬁgﬂ; h?;\%ﬁl cell
and the |ight élbﬁﬂ%tt’g at ﬁgmr&“ E‘?%g&ﬂ?%@n C%igwgr?%ﬁnmggﬁl evel of
gas to be nonsensitizg W@W@‘é&:ﬁé@eﬂtﬂhéheé%@l“ﬁeﬁﬁ tberpb:aehqnsﬁ thercopdisionefer ant and
gas on the suifdgatrafeahdle catal ytic gas conbination material will produce
heat that will be detected by the heat-sensitive conductive el enent and be
sufficient to change the conductivity of the heat-sensitive conductive

el enment in the cirRtwill baagpretiated ltiyat tlivopresent inventivicofférotheddlidvimg! | ght bul b
and di sconnectq‘p [ fromthe circuit. It will be appreciated that the
present inven BfYers the fol | ow ng advantages: it is capable of

provi di ng a safet yltdmapamebﬁpmtdmgmsafmydgumetﬁnnmmmin'grgaabm&dmpned space

bui 1 0-up oxeanct bpfasd Bl %WFE&&‘““?&“?‘%‘&?‘* PR R e

enpl oyi ng a h%@é@l%@@sé@mﬂ?&mm dewlient in conbi nat ion with a

catal ytic gas recojfRhdiglovide a a@dmtétﬂ;slo k;lahtacsehsxhaéeoxﬂuc@m%e@ c
reacti on between the reag ant tef erabl seous or. ,sol i, d the gas to
be nonitored SFompigation it $HECP itenig) that yd gaq ®38at from

the reaction ém&mﬁdtexttundﬂ&ﬁ&nrﬂmadcthm@fefembly\gakdouabt sulid) hed the gas to

Vi sual s gnal OREORILSE b el BT litol A BYI LT BRR) o O m e 00000 '

buil d-up wit hm@ﬁmmhumdmmlewhehmhﬁtgwm swllsmqye@mhvdse a

predet er m nedefo¥ft andithiée hgg(yr %,afl |ght can be
automatically disconnected from tae cifcul t of the shl | ere
liniting the gas bﬁ%l"[?ﬁ‘d@@%f% exica for mopifering gaspusl "E’a‘ﬁ‘ F§ de a

safety devi cesd tat when msgmgumewp bwebdi ameamrhnmaemm:e battery power suppiyhi ch
the device is cost, ShAClnte dbori2iNy 8isthe &2 Yol tht Eeuit of the fashlight
thereby limiting the gas build-up to a tolerable level; and
it can also provide a safety device for monitoring gas build-up within a
confined space in which the device is cost effective to produce and easy to use.

The catalytic gas recombination material for use in this invention will depend
on the gas to be monitored and the gas must also be able to produce an exothermic
reaction with a reactant such as another gas or a reactant solid material. Suitable solid
reactants for detecting hydrogen are manganese oxides such as manganese dioxide
(MnO,), manganic oxide (Mn,0,), manganese hydroxide (MnOOH) and hausmannite
(Mn,0), cupric oxide, silver oxide, mercuric oxide, manganese phosphate, bismuth
trioxide, m-dinitrobenzene and quinone. When detecting hydrogen gas with a gas
such as oxygen, the reaction of hydrogen and oxygen on a catalytically active surface
results in the production of a large amount of heat. Similarly, the reaction of methane
or other hydrocarbons with oxygen on a catalytically active surface also results in the
production of large amounts of heat. Other gas combinations which produce an
exothermic reaction and are suitable for use in this invention are carbon monoxide and
oxygen; hydrogen cyanide or ammonia with oxygen; oxides of nitrogen with
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The catal ytic gas reconbination material for use in this invention wll
depend on the gas to be nonitored and thesgas nust al so be able to produce
an exothermic reaction with a reactant such as another gas or a reactant
solid material. Suitable solid reactants for detecting hydrogen are

mnganese ﬁ?&?@?ﬁ%’ﬁ%?d?‘%%mﬁﬁ%{i%%%ﬁ?éhﬁén RGO NS L

oxi de; mer cuPKideoxi de, nmanganese phosphat e, bi smut h trioxide,
m di ni t robenzene and qU|none When detecting hydrogen gas with a gas such

as oxygen, the regcti f hydr Qge nd oxygen,on a catal tlcaII |ve
surface results i PR g}%agwﬁ@&ea umigs feactinn ig ﬁa '&ﬁ%ﬂ
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cyani de or aF]HEQ@ pigéﬁiiﬁﬁ 1?§nt Z duégﬁéeqFﬁasQnaN&ftQ i\’wdﬁisorb fif ogen; and

hydr ogen wi t reac S anese e or sil ver oxi de. A

preferred c ahydrpgen gasrondityspefaee;and wowldaet tﬁgetmatb@ mnutbe viginiyof el | ed
"nobl e netal rea@faniﬁtﬁﬂ%@feh&i&ﬁﬁeiﬁéén%h@kaﬂ%&h@reﬂ% RlCafIAR plateCIR Bditidd | of

the transition_elepents of, the, PeriodiC Sui t nb tal s which
may be used ihthemablemetals themselves, com 9 ‘gﬂ \ag‘rﬂ‘ypiﬁgq Peum or

r hodi ulm anddakddounusmweofsudﬁfcogipleaﬁds @ahichdlboaiﬂeandmeﬁ@rmd]gbm nce it h?; a
natural ten 0 s surface a Wou

act to retai ﬁ‘fﬁ%yg‘é ﬁﬁyfqﬁ a@ltﬁwﬁ%ﬁ Wﬁfmt ¥ ion
bet ween t he @‘w maﬂnweamhracmpalhdmm-m&lym&om\mlnahldontammap@ila;dhnn nobl e
metal s thenmsgl ﬁ&gg gﬁ‘Q&a f \ sed.
Il1lTustrative g suc R oun %oéﬁcgﬁnﬁg%@%%laﬁ G?eAyﬁk%gﬁolt
Macrocycl i ¢ -e#iasiym og ag ing coReOf Anofh ke usfdk Jiaformdhesr e al so
sui tabl e. T\/\/@atﬁlyﬁtflﬁfdai‘dis&eteﬁﬂoﬂ?tﬁdﬁ”@dp@édxﬁﬂk%&eﬁb&klﬁ%@@sﬂﬁmfbm&&Ch

contains a p um |l a 0 hstr r core

pl ati num cat g‘?‘l@ghe W}l“chmgéeamﬁ‘a‘ﬁ 9&?§§T zﬁf'ﬁﬁﬁ&?ﬂ% aﬁﬁ‘%"f%ﬁﬁl core or
anot her subs prcnride Tlargecsusfasoarea 'lihechtal'y'sl cbddrhetploaousabzﬂla}atamnmn sarfabiescr et e
body, if desj Uﬂafx?ﬁ %}’ai}aq"ﬁé be one
which will re a| n cat al %?bl n a e5|°q%%&%i§§gr a@%%ﬁ%&‘ﬂnﬁ
provi de a | apgsessihe d@seredrpéxswameomem pawdersd syn cgz;g@mgpe MeRFae-Braxi mum
surface polyethylene; natural condensation polymers, e.g., starch, and cement are suitable for

use as binders in the present invention. A preferred binder is an inorggnic cement

such as Portland cement.

If desired, the discrete body could be covered entirely with a thin film, suitably
of a plastics material, to protect it from penetration by undesirable materials in the
confined space. The protective and preferable film that.can be used should be
permeable to the gas being reacted but impermeable to undesirable materials. The
film can be applied by any of the conventional methods of application including
dissolving the film material in an organic solvent and spraying the solution on the
discrete body and evaporating the solvent; dissolving the film material in an inorganic
solvent and dipping the discrete body into the solution and then evaporating the
solvent from the surface of the discrete body; wrapping the discrete body in the film
and heat shrinking the film to provide a tightly sealed, wet-proof covering permeable
to the gas being reacted, such as hydrogen; or heat-sealing the discrete body in an
extruded tube of the selected film material. Any hydrogen gas permeable film (in the
case of electrochemical cells, for example) can be used to protect the devices of the
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area can be obtained. The binder can be organic or inorganic material and
need only possess the desired physical properties. Powdered synthetic

ot gani ¢ polyners, e.g., polyethylene; natural condensation polyners, e.qg.,
starch, and cement are suitable for use as binders in the present

i nvention. A &Eﬁﬁﬁ%ﬂmbh nﬂ&ﬁxcﬁl&rlﬁlﬂséfﬂpﬁmhﬁluﬁ@ﬁﬁ dﬂuﬁéw o@mﬁﬁéﬁs lofnd
cenment |f deS| r tlhﬁgdl SC couh]d vere athin
film suitabl yo&vixyﬁ Efi??:‘lﬁh‘ﬁ yliidenechlo 81@ SW?““FF‘SH*“[?@H%’??&? on by
undesirabl e rrqmb{eﬂ'grlmelterephthalatenOmee,sthapelyeﬂibbn@ﬁbﬁmtthwhnesml of 0e5fter abl e
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an indi cator resmtance when heated. A suitable positive temperature coefficient resistor would be
Poly Switch Series RDE 050A to RDE 390A (Poly Switch is a registered trademark or
Raychem Corporation). The main requirement of the heat sensitive electrical element
is that, upon being heated to a predetermined temperature, it will alter its resistance
value in a circuit to thereby change an indicator device coupled to a power supply in
the circuit. The resistance value change could be complete so that the heat sensitive
electrical element will open or close the circuit depending on its initial arrangement in
the circuit. The heat sensitive electrical element should be positioned near the
catalytic gas recombination material so that it can respond quickly to the heat of the
reaction of the monitored gas with the reactant. If a quantitative readout and/or
greater sensitivity is required, a comparison circuit can be provided.

The indicating device in the circuit, when provided, could be a visual alarm,
such that a light, which will go on or off when a gas is detected in a confined space; or
it could be an audio alarm that would provide an audible sound upon the detection of

~ the gas or it could be both an audio alarm and a visual alarm. The confined space '
could be any size carton, container or device such as ﬂashligh;s or radios; or it could
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device in a circuit, then upon heating the strip it wll nove back and
break the electric circuit thereby di scondecting the indicator device from
t he power source. By connecting the binetallic strip in parallel across an
i ndi cating device, novenent of the binmetallic strip will open the circuit
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t he indicator vice ct 0SS, 0 range the
bimetallic st?'P‘g‘ flﬁrra&ge@i\ﬂ’é‘ﬂ éydq:g%eq anw‘dfa or n%vg'i)gmn&cgg@ Hrectric

circuit containing an indicating device and power supply. A positive

tenperature CoeffIQﬁ%ﬂwﬁé&&ﬂﬁe&%‘g%ﬁw&@%‘ﬂ&?ﬁfﬁhﬁ?‘g%&gwrgoes a

| ar ge abrupt change "I n resistance

t enper at ur e cpisferatly amulticel} fashlightimee hydragen gasyantaceurmiate by apimdystent t o
RDE 390A ( Pol Uelﬁé‘\té@ﬂ 'Gell@\refxﬁﬁg #idYa8ding bPHEERPIISIVRmIRANE B &%eﬂ%&t ion).

The mai n requirenent ‘_ﬁ@at seng* Ive eI e hﬁl’ﬁl@l’l el e ILs that, upon
bei ng heat ed ?ﬁ’g&“ﬁ?‘éﬁ‘é’t"éhﬂ ds F¥RS E&WE“"P ‘aar'ldég ght is wmed; ance
val ule in atﬁléﬁumeﬁ)mrégﬁ?r rdahadmta{sdlhm@ewnoéacdm tﬁdlsxlr&ca power
supply in the gir e r e va ue an u conpl ef.e so
that the heat® é??gil"i‘?/‘él @&"?}’i"a A rﬁe'gg‘éﬁ%&?“’e@w% Trcuit
dependi ng on ﬂ\bsemstaxtcealf ttmrkeat@nsmm electritdl element and if tliEl’ncatmnsmweieothéate

el ectri cal fﬁ@ﬁ .

r econbi natlon na etrlﬁe;f SO h M%E%%E;ﬁi?ﬂtﬁf hfeh e%'f’ l]t he
reaction of tdisconpestithe @cpug@dmvnmt yq@ammmeMdout

and/ O(rj 3“3%1 ethe%%&ﬁi tiﬂﬁ?ah%céﬂ*%{réﬁﬁbdo&n@%ﬂ%ﬁh@%s@()"@ﬂ-ghdtﬁél&aélﬁd o
provi ae e | Ca evice_In e ClIrcu n provi ae cou e a
vi sual alarm® érpaenavl OfYegh Theat sengjtive CM«@? St can,pe-selested o that

detected in a;t@dﬂﬂisﬁﬁd:e&p&eeuanmtanygngnedmamhﬁe)mhaseomrlowmt could -
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t he gas or it an au arm and a Vi su e confined

space is a fIdsmmtgmchasapdmedmhpe@uldeme&'@lemmtumhh@doogmcﬁedpnef erably
a multicell e@%E Mga,tgy n i nadvertent
cel l reversalg Htw\%%tl %{f@l n ﬂ%ﬁ&ggsﬁgg}&v‘% %‘ge of hydrogen

and oxygen ca‘f?c%h’ﬂ?'ﬁ?qm&te@é] F“‘-'lhsas @E&narfuhﬂﬁﬁﬁﬁ%‘ ot and
thtehl ight is &Mr&@%o@?ni xdwﬁaf @ajeeelrﬂ&smagedtsemhweié@xﬁ. clpaﬁaﬁrudlbxtar eact
Wi oxygen o sur of a catal ytic di wat er
and heat . Then%gfo Egé%gelndn se?"ff Pgil?él %E”ﬁ’e

sensitive el eshen xtadachéseam{sehddd ldvel\lwél daoset the heaﬂsensue/e@ﬂm tacdiscoahextrent
Is in series I the flashlight,
t il dise 0% %C?&Pﬁf e \fﬁﬁhl%ipmcypré\?eﬁk futthe ARddbdtfon! drBiiroBin.
While a preferred embodiment of the present invention is directed to the

monitoring of hydrogen gas build-up in flashlights, other applications include

wherever hydrogen monitoring is desired, for example. Examples of such

applications are liquid level switches, underwater mines and sealed capacitors where

hydrogen gas build-up is undesirable and has been a cause of system malfunction.

The invention can be utilised to monitor any gas that will react with a reactant to

produce an exothermic reaction such as the reaction of methane with oxygen.
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circuit and prevent further charging. Generally, the tenperature within the
flashlight in which a cell is reversed can reach.as high as _[err].fromthe
réaction of hydrogen with oxygen. The heat sensitive electrical elenent can
be selected so that it will disconnect the ci rcw ﬂli lﬂﬂ“m“ﬂwm nper at ur e
rise, such ascpagus: or |ower, preferably at about ific
enbodi nent of a flashlight, a heat sensitive el enent ‘suéh &s 3 posi tive
tenperature coefficient resistor could be connected in series between the

power supply (celIA)sa&ndddvﬁatbr@&téctbgmpréseﬁaé@ﬂ redefli@d gis; tdovivet | on
bhe far d i nto,a,di screte

material, such as.pallad subs t e, .woul

body and posi f?%%‘ %’é‘ﬂi[ {ﬁ%a‘h eSljfeRgtion "é‘f"éﬂﬂﬁ 835 3nd  heat
reaction of h;mbsmgealemenﬁ"a:tdngetbmeobeneﬁshwem the erathernfic pak:hadltlwn heat is
generated, an heat
sensitive el esr#g%# h(tﬁ’ éﬁnec @Y%{er@%{f %@h?@tﬂ&t{oﬁéﬁiﬁ *?FF&?@ a(tﬁéjciierdevent
further produememsmomareégmmwxppm@mwresml ment of the present
invention is directed to the nonitoring of hydrogen gas build-up in

flashlights. The invention can be utilised ,tqQ npnitor any gas that wll

react with a feactArdevice apronding to daimels yrheesimthe cirguit isiagelectriqal gizcuity e
reacti on of nethane w th oxygen. REPLACEMENT SHEET CLAIMS: 1. A

flashlight cogprisi a safe i.ce fo et ec p e of a
predefined gas in f\ Fﬁ?ﬁof%ﬁg&e{?lﬂ’el ?ﬁaé’% &‘efgqﬂ?sﬁleiﬁ%é@&rochem cal
cells, the devondactivenpri sing a material to catal yse an exotherm c reaction
I nvol ving the gas and a heat-sensitive elenent arranged so as to be
sensitive to the exotherm c reaction, the el enent formng part of a safety

circuit such #hat Alsafetsodryiceifonmenitaring gas build-up insa eanfined spage comptsing @ of

the el ement tghibge %élﬁﬁﬁﬂn&oh‘?ﬁ&éﬂﬂﬁmt%ﬁfa%ﬂi&t@%oﬂh&m@d Ragfpect ed from
the circuit en a rede erm ned as_ has been det fct ed. 2.

flashlight ach@Marm¥sasso b manitered mlﬁfelﬁw other reqptant ma énlaeemnérawe
circuit. 3. confuttheciémait disposed adjabént toxthe katalytit gﬁrreaomb!haim matetisl; &4 enent

for ot or | ntcae s Eiperig perftr AR (e BRI, Bl Sld' af'ﬁ.“néeat
| east one el ewheroutﬁaldhmt-swtﬂw constuptivestierpent isconnecged as apvgtchaneandi nat i on
material that wei & aﬂdﬁieqa&ie&tmﬁe&ﬁ%sma@%mwuﬁoﬂas to be

noni tored and at eas one other reactant nmateri al
predetermined level of gas to be monitored is reached, the exothenmc reaction of the

reactant with the gas on the surface of the catalytic gas combination material will
produce heat that will be detected by the heat-sensitive conductive element and be
sufficient to change the conductivity of the heat-sensitive conductive element in the
circuit and thereby change the condition of the indicator means.

S. A device according to any preceding claim, wherein the heat-sensitive element
is a bimetallic switch, positive temperature coefficient resistor or a thermistor.

6. A device according to any preceding claim, wherein the catalyst is selected
from palladium, palladium alloys, platinum, platinum alloys, rhodium, rhodium
alloys, platinum-catalysed MnO,, nickel boride, Raney nickel and palladium-catalysed
carbon.

7. A device according to any preceding claim, wherein the heat-sensitive element

is connected in series with the power means and the indicator means.
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sensitive conductive el ement disposed adjacent to the catal t| C
reconbi nation material; an electrical cirluit cojﬂll w! l!l ﬂﬂi' one

el ectrochenical cell connected to a | i ght bul b;

heat-sensitive conductive el enent is connected as a SWI tch means bet ween
the at least gne eAQiéWc@ﬁE&ﬁdxﬁ@to @ precedihgtchedm| whéreinthé heat-gensitine elé¢reenta
bui |l d-up of a. prede rm ne e%ofﬂﬁg?{rbange nonitored is reached, the
exot hermi c r eSCOPRRS g e gas on the surface of the
catal yti c gas conbi nation rrat erial will produce heat that will be detected

by Hoetlonts SgnSI tl % ?gsenmgl Vey?gﬁﬁug‘?%a?ﬁ%fdtﬁéﬁﬁlca&&mﬂgge b

conductivity 0f the ive elenment 1h the circuit and
t her eby changseledted from gisukalarof means, audimalany meansand yisvaland aud 0&%@’{ from
the circuit. ﬁ{eans A flashlight according to any preceding claim wherein
the heat-sensitiveé elenent is a bimetallic switch, positive tenperature
coefficient resistor or a thermstor. 6. A flashlight according to any

plr Iecedl ngI cl aijg) th&e@io@ a&mdllﬁ t@énys%re%eam‘g&ilﬂm; gaﬁexfefm parifined ispave ipthel adi um
al l oys, platipum plat 0 rhodi u odi

pl ati num cat atfeey %éﬁ?ﬁ”%ﬁ&%ﬁ%ﬂ% sgglﬁg{; g@‘é‘?&ﬁ%ﬁ%ﬁﬁu d the

cat al ysed car hfiicator de#iGe 1 a light Bulbl ashl i ght according to any of cI a| s 4 to
6, wherein the heat-sensitive element is connected in series with the at

| east one el ectrochem cal cell and the Ii ght bul b. 8. A flashli

according to ahy oA deviemecording teanypreseding qlaim, whereinstbe stalyfids is

connected in e light bulb. 9. A flashlight according to
BP?@ \,Wah i
arm

any preceding c erein the catalyst is palladiumor an alloy of
pal | adi um 10. A fI ashlight according to any preceding claim wherein the

catal yst is ajgoat iAndevite adcording te Aiyepredetling cland, wheiein thé catalystds dicoafingd any
precedi ng cl aimrp swt's |n the catalyst is fornmed into a discrete body.

13. A device according to any preceding claim, wherein the catalyst is formed into
a discrete body.
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