WD 01/ 55645 PCT/ US01/ 02506 CERAM C | GNI TERS AND METHODS FOR USI NG AND
PRODUCI NG SAME BACKGROUND OF THE I NVENTION 1. Field of the Invention. The
i nventi owoeli/sdces to ceramc igniters and inproved net hodecimsomekieng the
igniters. 5 2. Background. Ceram c materials have enjoyed great success as
igniters in gas fired furnaces, stoves, clothes dryers, and other devices
that require ignition of gaseous fuel. Ceramc igniter production requires
constructing an electrical circuit through a ceram c 10 conponent, a
portion of which is highly resistive and rises in tenperature when

electrified i I i okt L~ ani fcer T™M
avail able f régwq\g;ﬂ?@%q{% éﬂﬁm@éﬁg@ ﬁwwlﬁ?xﬁ@%%psg%&ﬁgned
for 12 volt through 120 volt 15 applications and has a conposition
conprising alum numnitride %"AI%%% nol ybdenum di silicide ("MSi2"), and
si licon car BAKERGUND OFTHE INMEWTION 786 565 to Wl kens et al. (the "565
patent”) di gcl oses, hbphkYnvedfighi Ul ceramic igniters that conprise a) a pair
of electrically conductive portions, each 20 portion having a first end,

b) a resistive haheinretich sirssad chamie gnitarsdind imptosed mietwkds fmmmadng on wit h
each of the first ends of the electrically conductive portions, the hot
zone havingﬂ§dg%¥%§trical path length of less than 0.5 cm and c¢) an

el ectrically non- conductive heat sink material contacting the hot zone. 25
A variety of performance properties are required of ceramc igniter

systems, i Acl udBagkgipgtil. speed (low tine to heat fromroomtenperature to
desi gn tenperatu and.s I clent . A ed
peri ods. wi {hout CepIE SR bk SR EEoa! 5% hPsAREITh fag Sed FEVEGES,

consi st ent | ytonegtloshisiryeequhd etentsiicdstthdt hetmireignition begadesisrfabll Eciamibave
new ceram c_ igniter systens. ) . . .
igniter production requires constructing an electrical circuit through a ceramic
10  component, a portion of which is highly resistive and rises in temperature when

electrified by a wire lead.

One conventional igniter, the Mini-lgniterTM , available from the Norton
Igniter Products of Milford, N.H., is designed for 12 volt through 120 volt
15  applications and has a composition comprising aluminum nitride ("AIN"),

molybdenum disilicide ("MoSi,"), and silicon carbide ("SiC").

U.S. Patent 5,786,565 to Willkens et al. (the “565 patent”) discloses highly
useful ceramic igniters that comprise a) a pair of electrically conductive portions, each
20  portion having a first end, b) a resistive hot zone disposed between and in electrical
connection with each of the first ends of the electrically conductive portions, the hot
zone having an electrical path length of less than 0.5 cm, and ¢) an electrically non-

conductive heat sink material contacting the hot zone.

25 A variety of performance properties are required of ceramic igniter systems,
including high speed (low time to heat from room temperature to design temperature)
and sufficient robustness to operate for extended periods without replacement. Many
conventional igniters, however, do not consistently meet such requirements. It thus

would be desirable to have new ceramic igniter systems.
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di scovered new, highly useful ceramc igniters that can exhibit

except i oved 0psIsfidr mance properties, including | ong operatPonakolizses. 5 |t
was surprisingly found that the ceramc igniters disclosed in the above

di scussed 565 patent sonetines fail duezato "burnout” of the igniter hot
zone region. As nentioned above, the 565 patent discloses an igniter
having a relatively short hot =zone electrical path length of |ess than 0.5
cm Wthout being bound by theory, it is 10 believed that during operation
of such an igniter, the power density generated at high 1ine voltage gives

rise to a hj r Rpﬁﬁ'ﬁ This high tenperature gradient 1is
bel i eved tols@gg%rﬁlfrgﬂiag%gllgra eﬁ%&i dation of a localized region of the

igniter hot zonaye Whieadwidiycovesdnewi highlyeumsefullceramad Iguiters difat theexdgbitce. 15
In contrast, igniters of the invention can provide a npre diffuse power
density t hEwisgHeRa ParfpwRanse REOPREK JAClUERG A ORssioaRHy Sindesi r abl e
tenperatyre gradients in isolated hot zone areas while providing tip
heating.” More specifically, in one aspect of the invention, ceramc
igniters are proViwakur@Bitghatound tipt iteecerapicagpary digflosst e theiabab¢ y

conductive portions, each portion having a first .end. .and b) a resistive
hot zone di glﬁbgséﬁé]tfe@ts\ﬁé" _t tinﬁeséjf?lz\é'tl? ﬁ’cgﬁm@b‘_ n%téﬁer Bir'?lt\el\ﬁn]f% Zgléea'éelérlodlf t he
first ends af tdiRiogbLsEIveClb |‘%S%MﬂtlGIsbPéges%ri%hi%%avm@@W@lbﬁvdﬂﬁ@hd}@hotzOne
has an electrical path Iength of between 0.51 cmand 2 cm 25 Preferred

i gniters of zeneecleqiviesd prbricnedly ef shiben 8 Srian.eWVeheytibewie hesndh by 8regbih Lof

bet ween, 0. 6, ¢cm and_1..5. e 2,.cm

ot 11 e PRI bR, RSGHERE e’ PRSP oG 2R afniEntTl

t erm "el ect rih€ abltqpetdiveslrida gt hhigheahprramesghtiend. gt kigh terhfreatakeqrrhdisht pat h
taken by an, electrjcal curren t hrough the jgniter hot ne r.egj on when an
el ectrical potcdtshio rF%‘(ﬁdBﬁF‘ieiﬂatﬁé Ofﬁétl%oﬁ%l’?ga&e \?%gl%rhﬂét?lﬁfg“c“i‘?gl“?‘gni ter.

zone, which may result in premature failure of the device.

15 In contrast, igniters of the invention can provide a more diffuse power density
throughout a hot zone region, thereby avoiding undesirable temperature gradients in

isolated hot zone areas while providing tip heating.

More specifically, in one aspect of the invention, ceramic igniters are provided
20  that comprise: a) a pair of electrically conductive portions, each portion having a first
end; and b) a resistive hot zone disposed between and in electrical connection with
each of the first ends of the electrically conductive portions, wherein the hot zone has

an electrical path length of between 0.51 cm and 2 cm.

25 Preferred igniters of the invention have a hot zone electrical path length of
between 0.6 cm and 1.5 ¢m, more preferably from 0.6 cm to about 1.2 c¢m, still more
preferably from about 0.7 cm to 0.9 cm. As used herein, the term “electrical path
length” designates the length of the shortest path taken by an electrical current
through the igniter hot zone region when an electrical potential is applied to the

30  conductive ends of the igniter.
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can effectively diffuse power density throughout the hot zone region,

wi t hout pvodusiemyy i sol ated tenperature gradients which creT/Us@d25@w
premature igniter degradation and failure. Mreover, the electrical path
length limts (up to about 2 cm result jn effective heating and short
times to 5 ignition tenperature, wi t hout® the need for excessive power i nput
into the system W also have found that preferably the hot zone region
has a non-linear geonetry, e.g. a substantially U shaped design, whereby
the hot zone ext énidbechvviet dhat sudhritog zongpenghs ey destivélp difése ipgwit dgnsiy dt h and
t hen al ong ortio f each side of the 10 igniter. length, |[t.is believed
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density wi t Qinithtdag 16t to 2edRatiiRAL G kr de@hddtioneintl Gaiture MIPROA Besytrml havi ng
a linear hot zone. Igniters of the invention preferably also have an

el ectri cal | pathdengtio Hanist(pr & abest hem) feswWt (hedfactize heating ghd sharimesfa h t he hot

zone T egd ANy PRIME R withdiP iR ?&%QH&E]}VF?OR@{ b @nloAnPLEh&habl y

i nt er posed i nserted between el ectrica conductive portions and in
contact with the hot zone region. W also have found that preferably the

bri dge hei ght of the hot zone (w dt f 20 the hot. zone in rect angul ar
Con Der b scuss e fiot b 058 (i b LT L ENeb P ReEO 28t 2 NABBOT0. 08 o

nmore prefer gpclrﬂetﬁl, cleastibah@ully @-—Qﬁp&f@es&rbqthe?e@g%éq{cjt g8& Heéihtwitfour f rom
0.05 cmto 0.4 cmis generally preferred;,” and a hot zone brldge hei ght of

from 0.06 onertretmbagtossld teprigngemyidsh prdthen plodg apsrtpmedfepelbsige ohibe zones
of igniters.of the invention will, contain.a.sintere GO i §.1,0
} g gn&%hgf}%}th[ :jglsr‘lngﬁeve\émsychano -ltlnear dgsLlﬁgljlerag éno(rler% f\fe(,rmgl? %ﬁapetc))/rpi cally

contain erra nd an i nsuratin eri a

wi || furt hefedaediti powar denEite thite thehotBdRrregibn, rerkideiat 4 s@ngiratdobgsianne
portions of igniters of the invention wll contain a sintered conposition
of sinilar bBevippAdney hotgpieh rel atively hi gher concentrations of conductive
material. 30

Igniters of the invention preferably also have an electrically non-conductive
15  portion (heat sink) in contact with the hot zone region. In particular, the non-
conductive portion is preferably interposed or inserted between the electrically

conductive portions and in contact with the hot zone region.

We also have found that preferably the bridge height of the hot zone (width of
20  the hot zone in a rectangular igniter, discussed further below) is preferably at least
about 0.05 cm, more preferably at least about 0.06 cm. A hot zone bridge height of
from 0.05 cm to 0.4 cm is generally preferred; and a hot zone bridge height of from

0.06 ¢cm to about 0.3 cm is more preferred.

25 Preferably, hot zones of igniters of the invention will contain a sintered
composition containing a conductive material and an insulating material, and typically
will further contain a semiconductor material. Conductive or cold zone portions of
igniters of the invention will contain a sintered composition of similar components,
with relatively higher concentrations of conductive material.

30

Igniters of the invention can be suitably operate over a wide range of voltages,

including nominal voltages of 6, 8, 12, 24 and 120.



Igniters of the invention can be suitably operate over a w de range of

vol tages, including nom nal voltages of 6, 8, 12, 24 and 120. WO 01/55645
PCT/ US01MQ@B085645 4 Furt her provi ded are new net hods for prpoDwsémmgseegniters
of the invention, which include manufacture of a plurality of igniters
froma single billet material, enabling significantly nore efficient
igniter production. Preferred nethods ofYthe 5 invention for forni ng a
ceram c igniter conprise a) providing an electrically conductive ceramc
body that conprises a plurality of affixed igniter elenents; b) inserting
into each el errent an el ectrically non-conductive material; and c)

densifying the ality of igniter .10. Ox her .ect . of the
i nvention are di Bf g@ae%’ﬂ@c{ge% (%ﬁ”e %@nﬁﬁ&\ﬁﬁé B depicts
a preferred. LN lhahdé)&ah@@cﬂufelmlblgmxt}l&IEJuGers Foghenii ﬁgls birhameriacal |y an

igniter production nmethod of the invention. FIGS. 3 and 4 show resul ts of
Exanpl e 1, whibdingf senibeantlymeraetizmemEgarr prdeniar Prefredverndent e As

i ndi cat ed abqve v ter el enment
conpri si %g fnvenhm? gl)rzf%lﬁlelgg gﬁggm@%%}éhgrg%ﬁprﬁh% ﬁth 91% avfl%zgwan el ectrical
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10 of the 'Q%ﬁﬂhlaﬁ lterle[&(ﬁ{elﬂ@_es a hot zone portion 12 in contact with

and di spose etwe |'d zones 14a and 14b. Heat sink 16 is interposed

bet ween t hose cold zones 14a and 14b and in contact with hot zone 12. Cold
m hot 12.are in electrical

zone en l4a' a 14b |. fr
connect ?Qg)n to a @gb\?élas%ecfgg O?é?ew 1Oalflzfre d‘tsﬁl% JAllse of some type of Iead
30 frame nmounting. WO 01/55645 PCT/ USOl/ 02506

DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a preferred igniter of the invention.
15 FIG. 2 depicts schematically an igniter production method of the invention.
FIGS. 3 and 4 show results of Example 1, which follows.

DETAILED DESCRIPTION OF THE INVENTION

20 As indicated above, the invention provides a sintered ceramic igniter element
comprising two cold zones and a hot zone, the hot zone having an electrical path
length of from 0.51cm to about 2 cm. More typically, the electrical path length will

be somewhat longer than 0.51 cm, e.g. at least about 0.6 cm, 0.7 cm or 0.8 cm.

25 FIG. 1 of the drawings depicts a preferred igniter 10 of the invention that
includes a hot zone portion 12 in contact with and disposed between cold zones 14a
and 14b. Heat sink 16 is interposed between those cold zones 14a and 14b and in
contact with hot zone 12. Cold zone ends 14a’ and 14b’ distal from hot zone 12 are
in electrical connection to a power source, typically through use of some type of lead

30 frame mounting.



-5 As shown in FIG 1, hot zone 12 has a non-linear, substantially U shaped
electrical path length "e" (shown with dotted |ine to enphasize m ni num
pat h) thavooesicehds down the | ength of each side of the iBOTALIL0286

di scussed above, such non- |inear hot zone geonetries are believed to nore
effectively diffuse power density 5 thro nghout the hot zone regi on and
enhance operational life of the igniter.” The di nensi ons of the hot zone
region may suitably vary provided that the overall hot zone electrical
path length is within the ranges disclosed herein. In the eneral ly
rectangul ar igni t%@rshdmalugﬁlﬁ:léph@tt@de il A hpy Glollllﬂm’feé‘cl@ﬁfabﬂl%“ﬁ[géhmﬂ zone

wi dth 10 between th Z9 t s di st ance i

sufficient P&oRYB;REM gﬁ”g@& Fi cn(el lg()&ed iy $e enaaglflsélczz g“m mm etﬁpt#l%% erred
system t hatxighdt®&VaLha lér@tlﬂot&a@lﬁﬂslde Ef\&]ehgxhtezone dlwcllﬁg@aﬂitﬁleghich(rdﬁpl cted as
distance "b" in FIG 1) also should be of sufficient size to avoid igniter
def ects, i nbirerthapzaesEsericliss prscelie yesldo meae icHgC N CRfuseBowRlepd Ul t i n

igniter eg 86 {RAVER AhdbSitdssed above,
preferably lﬁgl?%gtgptzhgglgt%rledg%%el gﬂr% IS %q? east abou%e g 105 cm nore
pr ef er abl y at least about 0.06 cm A hot zone bridge height of fromO0.05

cmto 0.4 cmis ner al | rred; a .hot d h f f 0. 06
cmto about 0.3 gﬁ? ENeRSToRs Eglle é%mere%man}ﬁ%ﬁta {5:3@1 g??ﬁagyﬁéoﬁﬁtrgpfrom

0.06 to 0.033rh@nbe ;9341@ el&tr&@[ﬁdtﬁ!@n@ﬁ' i¥ withef @k r@thes ARclodd Hepa18. by itdge
hei ghts of 0.035 and 0.040 have been found to be particularly suitable.

The term " hetnezalherebiengiger igpiteyidiesicagenisied ihBlGi In preferabladhshaigane widiban t he
d! mensi gdr: Opetg‘vegﬁj he c%ﬁ.'cf" %ongggdeﬁfgte qsdqufﬂ{c@l“l ’eln It‘l?} tlZ?s slu rﬁ' tc%t <J &ng

di mensi ngu ar-igniter, xenp |ed y di nmensi on
b depi cted ellacﬂalcéi shbrts Bﬁoﬂibxedd‘ﬁ@.ﬁs Zaneae pltgséd styimtn ebxdt dischndowts @.6enl. engt h of
the igniter will be limted to a size to maintain the overall hot zone

el ectrical path length to within about 2 cm The conposition conponents of

the hot zone 12, 1fohg: ARRBRANERS (44Rete@ndaiiente Sd”nmmnncm%%mdva% region
16 may suitably vary. Suitab npositions for 30 those regions are

di scl osed i of ffcieRatizntd aSQEIS@MBﬁﬁefeotswmllutdmg@mssale loabzeEhdating, winich U. S.
Pat ent FS 192'an51%§ul¥ mn 1gn§e1 cf%gxa%atxon and f‘é\ﬁur(e: rells %E&\s% aboe. Anglsm LA db%%eher ein
preferably the hot zone bridge height is at least about 0.05 cm, more preferably at
least about 0.06 cm. A hot zone bridge height of from 0.05 cm to 0.4 cm is generally
preferred; a hot zone bridge height of from 0.06 cm to about 0.3 ¢m is more preferred;
and a hot zone bridge height of from 0.06 to 0.035 to 0.040 is particularly preferred.
20  Hot zone bridge heights of 0.035 and 0.040 have been found to be particularly
suitable. The term “hot zone bridge height” as used herein is understood to mean the

dimension of a hot zone that extends parallel to the length or long dimension of a

generally rectangular igniter, as exemplified by dimension b depicted in FIG. 1.

25 The hot zone “legs” that extend down the length of the igniter will be limited

to a size to maintain the overall hot zone electrical path length to within about 2 cm.

The composition components of the hot zone 12, cold zones 14a and 14b, and
heat sink non-conductive region 16 may suitably vary. Suitable compositions for
30  those regions are disclosed in U.S. Patent 5,786,565 to Willkens et al. as well as in
U.S. Patent 5,191,508 to Axelson et al., which patents are incorporated herein by

reference.



reference. WO 01/55645 PCT/US01/ 02506 -6 More particularly, the hot zone
has a high tenperature (i.e. 1350C) resistivity of between about 0.01

ohm cm amwdo absists 3. 0 ohm cm and a room tenperature resisPCyUBy/@bocbet ween
about 0.01 ohmcm and about 3 ohmcm Preferred hot zone 5 conpositions
contain a sintered conposition of an electrically insulating material, and
a netallic conductor, and preferably further containing a sem conductor
material. As used herein, the termelectrically insulating mterial refers
to a material having a room tenperature resistivity of at |east about 1010
ohmcm As used herein, the term net aI I i c conductor or conductive materi al
refers to a material that room erature r v SS

t han about 10-2 ?‘Ff@?ﬁ“c}lfl ﬁ’stgahﬂtezroéllenlas ﬁ% PR RS cof:t 0 ﬁ 1Eléégizl\e”rtbas@atm c

(or "sem copdp&iven dbdus 0@ 1 GRS Gnbaké . olireem ztretrm@batwn@etanesu stivity of
bet ween about 10 and 108 olun-cm |In general, preferred hot zone

conposi ti onﬁesisﬁl&%@@b@a/f’@béﬁ%@ﬁl&@Hh?m@t‘)d&h‘EP 3ehmypgutredored hetenger cent
(vol 908 VeOhoOliidlh Shefits ttﬁt%té%dngfowu%wo@g  CREGELR inEMliROnBierfaPShat T Vi Ly

of at |east . t ween out 5 and abou
sem conduct awneetattit eoncmlctoh,aandrpgetarabbsﬁlsthemcmgauuho beenmendlaclm unatiﬁalahd abo ut

108 oh bet bout. 5 d t
condacm)rctq]&%%ﬂ&r%{n t%%@f?&tr&pﬂ&mqu&a@@tgﬂﬁ %L‘jaetl’i Gt t‘i@ “?t%ftﬁhﬁggwg ﬁr‘%‘?‘grabl Y,

the hot zongGRRifesessthly M a2Rat/a8o& Bt fligah). YA el lhatimgheRraM c, 10-45
v/ o of the seniconductive ceramc, and 6-16 v/o of the conducti ve

material . | mesahie eonsupiospreeqnddctiebpeieraieirs prenaend dkatihgea repmerial i s
('\)/gslt ot a (5ef %at%lt%yt%tg?slgtp}tg qrr:tfk?s@ tl%oa%ght fU (Il{ %a%sut seg h'él% 111%] tlgtm% based

nen Zone conposition, nore re erably from about
9 to 13 VOlser%cob@ﬁ:ﬁde odraindt @k "earpanieois) of a td’imlhﬂtdvﬂ@’tﬁ ooonpopeianea. For
a 24 volt igniter, a 25 particul arl @referred nol ybdenum di si | i ci de
concentratl5ﬁ“W§“YPBH@&E@U%(@Iéoﬁﬁdé O'sohnyrgM. o4 pased on total conponents of
the hot zone conposition. Suitable electrically insulating materi al
conponents of hot zone conpositions
In general, preferred hot zone compositions include (a) between about 50 and

15  about 80 volume percent (vol % or v/0) of an electrically insulating material having a
resistivity of at least about 10'% ohm-cm; (b) between about 5 and about 45 v/o of a
semiconductive material having a resistivity of between about 10 and about 10* ohm-
cm; and (¢) between about 5 and about 25 v/o of a metallic conductor having a
resistivity of less than about 102 ohm-cm. Preferably, the hot zone comprises 50-70

20  v/o electrically insulating ceramic, 10-45 v/o of the semiconductive ceramic, and 6-16
v/o of the conductive material. In certain preferred embodiments, the conductive
material is MoSi,, preferably present in an amount of from about 9 to 15 vol %, based
on total components of the hot zone composition, more preferably from about 9 to 13
vol %, based on total components of the hot zone composition. For a 24 volt igniter, a

25  particularly preferred molybdenum disilicide concentration is from about 9.2 to 9.5

vol %, based on total components of the hot zone composition.

Suitable electrically insulating material components of hot zone compositions
include one or more metal oxides such as aluminum oxide, a nitride such as a
30  aluminum nitride, silicon nitride or boron nitride; a rare earth oxide (e.g., yttria); or a
rare earth oxynitride. Aluminum nitride (AIN) and aluminum oxide (Al,O3) are

generally preferred.



i nclude one or nore netal oxides such as alum num oxide, a nitride such as
a 30 alumnumnitride, silicon nitride or boron nitride; a rare earth oxide
(e.qg., ywobmssesdr a rare earth oxynitride. Al um num nitprCOES(ARB)6 and

al um num oxi de (A1203) are generally preferred. WO 01/ 55645 PCT/ US01/ 02506
-7 Typically, the nmetallic conductor is fel ected fromthe group consisting
of nolybdenumdisilicide, tungsten disilicide, and nitrides such as
titaniumnitride, and carbides such as titanium carbide. Ml ybdenum
disilicide is generally preferred. 5 Generally preferred sem conductor
material s include carbides, particularly silicon carbide (doped and

undoped), and boron. carbjde. Silicgon carbide is generally referred. 10
Particul arly preT['r&"rCa R!&?mf K Ccogﬁb%%rilff%lﬁ%e%ﬁog’h@e gh%‘é’r???%ﬁ”@o%f{ ain

al um num ox ey veAAdiali 418, NuMEstentdidiklade, ARl yhdeauicllbsiilahhdguardasd | i con
carbide. As nentioned above, in at |east certain enbodi nents, the

mol ybdenum eirbider sacheasitdanipnegdnde. i Molyhdemwpudisilisiders gefeslbraergdl % For a
24 vol t %gni ter, a particularly preferred nolybdenum disilicide
concentration is fromabout 9.2 to 9.5 vol % based 15 on total conponents
of the hot zone Genpaly prdareddendisdussenagbolsencludmedriadss, phrtichlarlynvent i on
typically also contain at |egst on or nore |low resistivity cold zone
regi on in ePdcey FEa) e%‘?ﬂ‘?@@l‘lgblﬁd%egh aP?luEOWBtca?é(#e Sﬁ&f(’ne‘fful W P §F" At achnent
of wire |eadgptqdhe igniter. Typically, a hot zone conposition is 20

di sposed between two cold zones. Preferably, such cold zone regions are
conprised of e.g. AIN and/or A1203 or other insulating material; SiC or

ot her sem conduct,or. terial; d MSi 2 oF.. cond ive material .
Hovvever,6ncol d zo%gnﬁcgfél?lér?smt\?\fr?cf ﬁ‘&t%gi}%c%%%?sghoﬁ]%i%gglr?tlﬁy/e%%éﬁéﬁafggr cent age of
t he conduct bgnignt &80 saiciugtimitenmtrele] moB/bdétung disilBide aadilMaficabideran
does the hot zone. Accordingly, cold zone regions tyg{i cally 25 have only

about 1/5 t &smentionehibavielndbsaghgeynyempodimity, die Plybdeimbdisilicidsds and do

present in an amount of from 9 to 12 vol %. For a 24 volt igniter, a particularly
preferred molybdenum disilicide concentration is from about 9.2 to 9.5 vol %, based

15  on total components of the hot zone composition.

As discussed above, igniters of the invention typically also contain at least one
or more low resistivity cold zone region in electrical connection with the hot zone to
allow for attachment of wire leads to the igniter. Typically, a hot zone composition is

20  disposed between two cold zones. Preferably, such cold zone regions are comprised
of e.g. AIN and/or Al,O3 or other insulating material; SiC or other semiconductor
material; and MoSi, or other conductive material. However, cold zone regions will
have a significantly higher percentage of the conductive and semiconductive materials
(e.g., SiC and MoSi,) than does the hot zone. Accordingly, cold zone regions typically

25  have only about 1/5 to 1/1000 of the resistivity of the hot-zone composition and do
not rise in temperature to the levels of the hot zone. More preferred is where the cold
zone(s) room temperature resistivity is from 5 to 20 percent of the room temperature

resistivity of the hot zone.

30 A preferred cold zone composition for use in igniter of the invention
comprises about 15 to 65 v/o aluminum oxide, aluminum nitride or other insulator

material; and about 20 to 70 v/o MoSi; and SiC or other conductive and



not rise in tenperature to the levels of the hot zone. Mire preferred is
where the cold zone(s) roomtenperature resistivity is from5 to 20
percent o¥obhssendom tenperature resistivity of the hot zpaRUSGM2806
preferred cold zone conposition for use in igniter of the invention
conprises about 15 to 65 v/o alum num oxjide, alumnumnitride or other
insulator material; and about 20 to 70 &/70 MbSi 2 and Si C or ot her
conductive and WD 01/ 55645 PCT/ US01/ 02506 -8 semiconductive material in a
volune ratio of fromabout ]:1 to about 1:3. More preferably, the cold
zone conpri sesicabdutivd mataiabth asygdumk Matamel foom ABRO I ;1 m&bpot B8. Mae Si C and

30 to 70 v/o For fase of manu act enPr ef

conposi ti onpigoﬂabé’ng %%808%?%5 ay | Itg 58 Vg ﬁgN /XE}éﬂg) ggn%om YPon,
with the 5 watahd g@t@V@UﬂatMoS)ifz Farearg@adluﬁtumau@ngemaw@tdm pafeeri al s
being greater. The electrically insulating heat sink 16 shoul d be conprised

of a corrposp@mlanItl@lhathpﬁQSWfdb%S@tﬁmla@rlélﬁtastIWéWé¢11Q@§@%WOm vithdhee
convect' ¥e 92 @l aesett%onﬁﬁégtgw anb A0k aKriphiE Ml aRgeed 25 Bn

i nsert betweeh two conductive as exe fhe system shown in
FIG 1, the insert 16 provides nechanical support for the ext ended cold

zone portlons 1l4a_and 14b and the i nlter nDre ed. In sone
enbodi ment's, i nsdbe ekstrirally H’éugﬁ HBg Nl 1ok | r?hau1§| GtCOF‘(B’“F CEEYROSHISs  of

the syst emtha?@ﬁ{ﬁ(ﬁc@@hﬁicxénlﬂﬁteﬁttﬁ%iésQ@Ht %a{t@%v@&th@gtobﬁﬁé oBthBlkoBshea room
tenperature sistivity of | east about 104 ohmcm and a strength of at

| east about Axtaﬁldvﬁkly, wﬁﬁlﬂ\ﬁbmsmm@rlamwbeltvb@ thvgatondigie degsas ica¢mplaiseda
t her rral g tivi nttt re heat sink
y T 1or th

and tr a “tySE f évnl IBﬂQnPtt%lmrsi%rt ]g8I.qvé%sanecﬁ%mcarlu56pétoé $"benefici al

heat si nk f eRehidcol Subieaidhorsauanhe 1 #OMPShkdsaRSighiter hbe rbggeetd Bi nk
i ncl ude conpositions conprisi 38 at | east about 90 vol %of at |east one of

al umi num n| §<P111@Iémbbélmﬂms|sﬂltsﬁﬂ mayjhe; Ftlf%‘ﬁd?ﬂ vith @slot i ieaberatha mpsipkihar es
t her eof . s?elgolP?El Mﬁl@%le%mgaﬁ ﬁljtstt%ﬂbgfheeﬁ‘ls ?'a%oo?’h dl oyed, a

r&l
heat sink er| a I'sing at 1east umnumnitride and up to
10 vol % aI wHi sTiaritg @i ableast about 10! ohm-cm and a strength of at least about 150 MPa

15  More preferably, the heat sink material has a thermal conductivity which is not so
high as to heat the entire heat sink and transfer heat to the leads, and not so low as to
negate its beneficial heat sink function. Suitable ceramic compositions for the heat
sink include compositions comprising at least about 90 vol % of at least one of
aluminum nitride, boron nitride, silicon nitride, alumina and mixtures thereof. Where

20  a hot zone composition of AIN-MoSi,-SiC is employed, a heat sink material
comprising at least 90 vol % aluminum nitride and up to 10 vol % alumina can be
preferred for compatible thermal expansion and densification characteristics. A
preferred heat sink composition is disclosed in co-pending U.S. patent application no.

09/217,793, the entire disclosure of which is incorporated herein by reference.

25
Ceramic igniters of the invention can be employed with a variety of voltages,
including nominal voltages of 6, 8, 12, 24 and 120 volts. Igniters of the invention can
heat rapidly from room temperature to operational temperatures, e.g. to about 1350°C
in about 4 seconds or less, even 3 seconds or less, or even 2.75 or 2.5 second or less.
30

[gniters of the invention also can provide a stable ignition temperature with a

hot zone power density (surface loading) of from 60 to 200 watts per cm? of the hot



preferred for conpatible thermal expansion and densification
characteristics. A preferred heat sink conposition is disclosed in

co- pendi o Ui/Se4Ppat ent application no. 09/217,793, the emtTNe0Id2S® osur e
of which is incorporated herein by reference. 25 Ceramc igniters of the
invention can be enployed with a variety, of voltages, including nom nal

vol tages of 6, 8, 12, 24 and 120 volts. " 1gniters of the invention can heat
rapidly fromroomtenperature to operational tenperatures, e.g. to about
1350C in about 4 seconds or |less, even 3 seconds or less, or gven 2.75 or
2.5 second epnd iggivn. Pegeirehpewerglepsitiehiaciudg &am Bhiod|8gvattamepemvintidea st abl e

ignition te rature W ith r density (surface |oading) of
frome60 to ? er\‘i‘v@t‘/tfgonbé?o‘%ﬁ’étg%? ﬁ@&%%%% 01/ 55645 PCT/ US01/ 02506 -9 zone
region. Preferred power densities include from70 to 180 watts per cn,
more preferably fromabout 75 to 150 watts per cn2. The processing of the

P
ceram ¢ conponentl hg prasessing fdhe BHARIHTEHOEEN Y- afigeB PADREFFSIHEABAdi t i ons)

and the pr egﬁgﬁlﬁpﬁgggﬁg%nﬂ QLY Ilgrlgﬁargtﬁ&fﬂﬁttﬁ@ig?lﬁ&sﬂr(tlﬁ ok GREAT el e done

by conventi Typi cal I'y, such methods are carried out In

subst ant i al badows dacmeemidral methodnc by poalbt edthuh@hodsare parrigd P8GN565 t 0

i ter o ar SUBHOEEAOT R SR s b e TS o o PRES VBN B rhese

met hods gengr@Uly 5 1al 308ao Sixdtbh angous production of a plurality of
igniters, e.g. at least 5 igniters, nore typically at least 10 or 20

igniters, still nore typically at |east about 50, 60, 70 , 80, 90 or 100
igniterg froma single sheet material (billet). 15 Mre typically, up to
about 1 % or 200 igniters are suitably produced substantially
si mul t aneousl y. PuferabipeniteGald yroducedpn e¢@rdande withirnhehodsradiucinveartionet hods
of the invention a . . . . o

These methods generally include simultancous production of a plurality of igniters,

e.g. at least 5 igniters, more typically at least 10 or 20 igniters, still more typically at

least about 50, 60, 70 , 80, 90 or 100 igniters, from a single sheet material (billet).

15  More typically, up to about 100 or 200 igniters are suitably produced substantially

simultaneously.

More specifically, in preferred igniter production methods of the invention a

billet sheet is provided that comprises a plurality of affixed or physically attached

20  “latent” igniter elements. The billet sheet has hot and cold zone compositions that are
in a green state (not densified to greater than about 96% or 98% theoretical density),
but preferably have been sintered to greater than about 40% or 50% theoretical
density and suitably up to 90 ort 95% theoretical density, more preferably up to about
60 to 70% theoretical density. Such a partial densification is suitably achieved by a

25  warm press treatment, €.g. less than 1500°C such as 1300°C for about 1 hour under
pressure as 3000 psi and under argon atmosphere. It has been found that if the billet
is the hot and cold zones compositions are densified at greater than 75 or 80 percent
of theoretical density, the billet will be difficult to cut in subsequent processing steps.
Additionally, if the hot and cold zones compositions are densified at less than about

30 50 percent, the compositions often degrade during subsequent processing. The hot
zone portion extends across a portion of the thickness of the billet, with the balance

being the cold zone.



billet sheet is provided that conprises a plurality of affixed or
physically attached 20 "latent” igniter elenents. The billet sheet has hot
and col d woneswmehpositions that are in a green state (nopCO®RIR25@d t o
greater than about 96% or 98% theoretical density), but preferably have
been sintered to greater than about 4096ﬁr 50% t heoretical density and
suitably up to 90 ort 95% t heoreti cal & Sity, nore preferably up to about
60 to 70% theoretical density. Such a partial densification is suitably
achieved by a 25 warm press treatnent, e.g. less than 1500C such as 1300C
for about 1 hour under pressure as 3000 psi and under argon atnosphere. It
has been found that i,f. the hillet .i I C ositions
are densified atqg?gg%%PuWﬁgﬁf95&%?%%6&%%9%®%PQQ%P%%ﬁ%3?gpﬁcgrﬂ ‘ensity, the
billet wll phgedblif thewillettsaitably sibdtagtifibequeart c.pr 08 @sdiby® stepguare, or
Additionally, if the hot and cold zones conpositions _are densified at |ess
than about SHehEMifFRIccCHRENSIOHPISHMRSE ST BriscBrgeH: efeghhedalldtis %9 subsequent
pr ocessi fag. oo i : : t t hi ckness
o “tho. by [ BEangt FS Buah el sS KR RaRGhPaRyR: RO DBty e

PCT/ US01/ 02p0ions hd@ sTheatidllyequatambesiafs. &or glstncaetith ap dehbard istly of

Sauare, e gELGHRAR LS ST il ohheGionl O LR kRSB FoAY o

shapes suchjRgsed®cs angpd.ar, etc. The billet is then 5 preferably cut into
portions such as with a dianond cutting tool. Preferably those portions
have substantially equal dinensions. For instance, with a 9 inch by 9 inch
billet,,preferably the billet is cut into thirds , where each of the
resulting sections is 9 inches by 3 inches. 10 The billet is then further
cut (suitably w The ailtkt asnbadfucthet ¢un@suitalolly))witloa praowind euttinpdool) dyabvidgni t er s.
Afirst cut will he through the bjJlet, t rovi de physical . separation of
one i gni t er NEEARA e G “ggr%{ﬁ}“a%‘% ¢ ti!{%’ﬁg € blﬁ?‘l’ &Iﬁ&{”idﬁ@ﬁﬁmi will not be
thr 0:19[1_ theg Op%fa@ifoh o?bnt it LLRERTRIS hA Aljacdn® cRARAL EAlIRANTY Qs Wil Kdie
i nsul ati ng zone
be through the length of the billet material, to enable insertion of the insulating zone
15  (heat sink) into each igniter. Each of the cuts (both through cuts and non-through

cuts) may be spaced e.g. by about 0.2 inches.

After insertion of the heat sink zone, the igniters then can be further densified,
preferably to greater than 99 % of theoretical density. Such further sintering is
20  preferably conducted at high temperatures, e.g. at or slightly above 1800°C, under a

hot isostatic press.

The several cuts made into the billet can be suitably accomplished in an
automated process, where the billet is positioned and cut by a cutting tool by an

25  automated system, e.g. under computer control.

FIG. 2 of the drawings shows a billet processed in accordance with the igniter
manufacturing methods of the invention. As depicted, billet 10 has hot composition
zone 12 and cold composition zone 14, with hot composition zone and cold

30  composition zone interface 16. Preferably, at the manufacturing stage depicted in

FIG. 2, the hot and cold zone compositions are in a green state, but preferably



15 (heat sink) into each igniter. Each of the cuts (both through cuts and
non-t hrough cuts) may be spaced e.g. by about 0.2 inches. After insertion
of the hewdossisks zone, the igniters then can be further deawsUboiets06
preferably to greater than 99 % of theoretical density. Such further
sintering is 20 preferably conducted at]gigh tenperatures, e.g. at or
slightly above 1800C, under a hot isosStatic press. The several cuts nade
into the billet can be suitably acconplished in an automated process,
where the billet is positioned and cut by a cutting tool by an 25

aut omat ed syisiselind feomy abowidéo torheut 8% diseratiehl dempity, nporg praferablyrfE’ii ngs shows
a billet progce i n,acca,dance Wit . igniter manufacturing nethods of
t he inventi8ﬁ¥ﬁ§§%586$8?€g?g§F§F3¥Mfgn%§§ hot conposition zone 12 and cold
conposition zone 14, with hot conposition zone and cold 30 conposition zone
interface 16. Preferably, at the manufacturing stﬁ e depicted i FIG 2,
the hot and col szeaeréedc%Hﬁbkq $4igRY hap eubskntalgr eei gwmél,onbmﬂ wger‘%%lém y WO
01/ 55645 P : - S . % t.

t heoreti %ag@g%gﬁlgéigrgrh easé%%\fggg}gﬂ%%% %)5 a)ggﬁl%.g] %g Yo t’o&%?ggi’ﬁe?%@o%

t heor eti cal imdtbesastdiscuBsedfaboved bill et 10 suitably has substantially equa
dinensions, i.e. preferably 5 dinensions g and h as shown in FIG 2 are
approximately equal, e.g. 9 inches by 9 inches as discussed above. Billet

10 is then pref eRqpiy 0G4 theh Pr&e@Bltdubiigo FetEBnAscMat it «iamentcatibd i ng
tool. Preferably those portions have substantially equal dinensions. For
i nstance, atool.1Brefrpblytteaseipartmnghaye sugptantigl ynayalfipeasiony ljog igstance.so
t hirds ong_l.i i1t | : E her itably
wth s B andsetBEi TRE T RGeARy PR ARG ARG FRSTST A L oni &
el ements such as igniter 22. One cut will be full length through the

TN R R0 S
el ectricall Yndividual, non-affixed igniter elements such as igniter 22. One cut will be full length
through the billet (e.g. cut 24) and each alternating cut (e.g. cut 26) will not be
15  through the length of the billet material, to enable insertion of the electrically
insulating zone (heat sink) into each igniter such as through opening 28. Each cut 24

and 26 will be suitably spaced e.g. at 0.2 inches.

After insertion of the heat sink zone, the igniters can then be further densitied,
20  preferably to greater than 99 % of theoretical density, as discussed above, preferably

at about 1815°C under a hot isostatic press.

The igniters of the present invention may be used in many applications,
including gas phase fuel ignition applications such as furnaces and cooking

25  appliances, baseboard heaters, boilers, and stove tops.

The following non-limiting examples are illustrative of the invention. All

documents mentioned herein are incorporated herein by reference in their entirety.

30 EXAMPLE 1

Igniters of the invention were prepared and tested as follows.



insul ating zone (heat sink) into each igniter such as through openi ng 28.
Each cut 24 and 26 wll be suitably spaced e.g. at 0.2 inches. After

i nserti owohi/s3ses heat sink zone, the igniters can then ber€mshiansaensi f ed,
20 preferably to greater than 99 % of theoretical density, as discussed
above, preferably at about 1815C under] hot isostatic press. The igniters
of the present invention nay be used in'frany applications, including gas
phase fuel ignition applications such as furnaces and cooki ng 25
appl i ances, baseboard heaters, boilers, and stove tops. The follown
non-limiting exahjol esnceand dold TErcampostions Were prapaeas Pbﬁﬁrwgmtedd@ﬁ@ﬁéﬁgt S

ment i oned hf 11‘?' %P?;‘lrgi%mge{%{ [ G Jonel Rl %sf?r\énc‘ém {S&Cf‘oégoltbﬁl%'% a&%& b Y-

30 EXAMPLE |nvent|on RR&re d an este POl i ows.

WO 01/ 55645td?ﬂ’ﬂoU§&ﬂe/ ARBition A 1MOT0 Zdinge &in(baﬁ@ll «h e ﬁoCﬁﬂiB@SﬂnbbﬂﬁGn)Wer e
prepared for a first igniter, referred to herein as |lg ﬁ%{AI The hot
zone conposPt§and &&rﬁmlv@é% fepsed WbF%%Ob/GC(HEQQ@@’OﬁHOD)tMPQP cobpRe

COMposi t50n);or{*b§§n%9 éxg;krwz@ W oRASES (B&ea%%taqu %&{&ecoﬁ%@i%h AR)20 Si C

and 9.2 volu on total hot zone conposition) he col d zone
5 conpositi mlunmﬁpr(bassedl of Gotulodaldreoritbcphme domrSiCotal 6(c\,®<l>ldmzdhébcts@chpm5| tion)

Al'N, 20 vqu based on .t ot co zone conposition 0 .vol une
% (based on'®} di"g £%18|08m£8ﬂ3018)01%8gi tr? Sﬁéjl KBS OMRIQ ‘%’%F%?%eg IEté)rﬁ)Gl?)s‘:l tion
was | oaded {fatiRed dihind Wk BoPs @S TomhpBsiBHTlichB&l HPlop2AMR: EAIPOR dohRfdsitieaded on
top of the cold zone conposition in the sanme dle The conbi nation of

conposi t i oné thasamedis fThsgondyeatinn of cordeesithmgtvas donsfied fpeebsinslet beasr ovi de

the Igniter ope conpositions were prepared for a
second 5%nl?ndpr}-lgsur o;noﬁﬂ?ﬂ%ﬁ%ﬂ%%u@as Igniter B. Igniter B had the sane

geonetry and hot zone conposition as Igniter A The cold zone conposition
of Igniter B had the sane 15 conponent.s (AIN, SiC nd NbSIZ% as lgniter A
but the Igniter Blog geng azlgrfé) dnéaleéomposmons Were prepare for a second igniter,

referred to herein as Igniter B. Igniter B had the same geometry and hot zone
composition as Igniter A. The cold zone composition of Igniter B had the same

15  components (AIN, SiC and MoSi;,) as Igniter A, but the Igniter B cold zone had a
resistance that was approximately equivalent to the resistance of the Igniter B hot
zone. As with Igniter A, the Igniter B cold zone composition was loaded into a hot
die press die and the hot zone composition loaded on top of the cold zone composition
in the same die. The combination of compositions was densified together under heat

20 and pressure to provide the Igniter B.

The formed Igniters A and B were energized at 12 volts. For Igniter A,
resistive heating was focussed in the hot zone region of the igniter, as shown in the
FIG. 3. For Igniter B, both the cold zone and hot zone regions of the igniter became

25  hot, as shown in FIG. 4.

EXAMPLE 2
Seven additional igniters (designated as Samples 1 through 7 in the Table
below) were prepared with the same hot zone and cold zone compositions as
30  described for Igniter A in Example 1 above. The hot zone areas of each of Samples 1

through 7 was varied; those hot zone areas are expressed as cm” is shown in the Table



resi stance that was approxi mately equivalent to the resistance of the
Igniter B hot zone. As with Igniter A the Igniter B cold zone conposition
was | oadadonnsw4m hot die press die and the hot zone conpowsUBdcnsd6oaded on
top of the cold zone conposition in the sane die. The conbi nation of
conpositions was densified together undg; heat 20 and pressure to provide
the Igniter B. The formed Igniters A and’B were energi zed at 12 volts. For
Igniter A resistive heating was focussed in the hot zone region of the
igniter, as showmn in the FIG 3. For Igniter B, both the cold zone and hot
zone regi ondelofv. tHe tbghicsistanbe( divtal rdsst.Abelovwasxwhsses as ) HloGzode EXAVPLE 2
Seven additional ignjiters (designated as S t hr ou h 7 i Tabl e
bel ow) wer e §#EHsE dgHl W%Or‘iletr??é“sg’r’fg“’ﬁ(?f‘pfésﬁgngﬁg ‘é‘éﬁi 4O St@B GQPF“eons as
30 descrl bedofd Iresﬂstgnfﬁélg\;v Ak Qs EX 3@ Gerk eaaﬁfﬁ%asumemﬂ%-egarf@m@rnemé 9hiceach
of Sanpl es ari e ﬁose ot zone areas are expressed as
cn2 i s showseliow.t he Tabl e WO 01/ 55645 PCT/ US01/ 02506 -13 below. The total
resistance ("Total resist." bel ow, ex ]Sd as Q, hot zone resistance

(" Hot zohe resi st." bel ow, expressed glrsAe@ cold zone resistance ("Cold
zone resistg gf‘e' QY z@ff@&%§seﬂ)wﬂ§es@t YRE SorRaehistme@sd BHe AR amﬁ@g.d forth

in the Tabl e elow. 5 TABLE Sanple Hot zone area Total resist zone
resist. Cold zone rk$dst. Riot/Ro,1d 121.10 36 12 i1 1.09 2110906 33 12.9

9 1.43 38’7712831 48.11.110428437141505134]4573542
17.5 11.3 1255 6 589 45 19.9 71.6 1.7
3 8.71 28.3 11.4 8.1 1.41
10 4 7.84 37 14.1 10.5 1.34
5 7.35 42 17.5 11.3 1.55
6 5.90 45 19.9 11.6 1.72
7 5.81 40.2 22.6 7.7 2.94
15 These results showed that a minimum relative resistive the hot zone resistance

(Rpot) to cold zone resistance (Regia) of Ryor > 1.5(Reo1a) was optimal to achieve tip

heating for the igniter samples.

The invention has been described in detail with reference to particular
20  embodiments thereof. However, it will be appreciated that those skilled in the art,
upon consideration of this disclosure, may make modifications and improvements

within the spirit and scope of the invention.



7 5.81 40.2 22.6 7.7 2.94 15 These results showed that a mninumrel ative
resistive the hot zone resistance (Rot) to cold zone resistance (Rcoid) of
R1, ot > WO(R5643d) was optimal to achieve tip heating fpPeTAR@E /2608 t er
sanpl es. The invention has been described in detail with reference to
particul ar 20 enbodi nents thereof. Howe:Jlgr, it wll be appreciated that
those skilled in the art, wupon considération of this disclosure, my nake
nodi fications and i nprovenments wthin the spirit and scope of the

i nvention. WO 01/55645 PCT/US01/02506 - 14 What is clainmed is: 1. A

ceram c i gniWleat isstleimedtisiconprising: a) a pair of electrically conductive
portions, each portion having a first end; and b) a resistive hot zone

di sposed between and in electrical connection with each of the first ends
of the electricallly condughicMgnipgrtdnenscomprésigi:n t he hot zone has an

el ectrical path length of fromQ.51 to 2 cm 2. The i n.i.teli aof claim1
wherein an el ect @l cal I%/P%‘Pf-‘g icPBAYCHXE PEStiqRS e?r‘él’tg THign hayhg 35?%1 t he hot
zone. 3. The,i.gpjter of claim2 wherein the heat sink material is disposed
bet ween t he cdnductive portions. 4. The igniter of claim2 wherein each of
the el ectrical | ybgonductesigeve pgrzonodisperd befsveemantia dentrcalicemeriionwithom t he

hot zone to defi ai f, | . d the. electrically non-conductive
heat sink nﬁ?cg]r(?tgﬁe ﬁ?%‘i‘isﬁ)géléedgg%{l\%ﬁp ncopfillécegllvgggﬁmgs"rhe igniter of claiml
wherein the hot zgReilas ROz&leatt hh RLtrikal fath le@p@GLdT f@im at51lt€as.0. 6 cm 6.
The igniter of claim1l wherein the hot zone has an electrical path |length

of from0.6 to 1.5 cm
2. The igniter of claim 1 wherein an electrically non-conductive heat sink

material contacts the hot zone.

3. The igniter of claim 2 wherein the heat sink material is disposed

between the conductive portions.
4. The igniter of claim 2 wherein each of the electrically conductive
portions extend in the same direction from the hot zone to define a pair of legs, and

the electrically non-conductive heat sink material is disposed between the legs.

5 The igniter of claim 1 wherein the hot zone has an electrical path

length of at least 0.6 cm.

6. The igniter of claim 1 wherein the hot zone has an electrical path

length of from 0.6 to 1.5 cm.

7. The igniter of claim 1 wherein the hot zone has an electrical path

length of from 0.7 to 0.9 cm.
8. The igniter of claim 1 wherein the hot zone is non-linear.

9. The igniter of claim 1 wherein the hot zone is substantially U-shaped.



7. The igniter of claim1 wherein the hot zone has an electrical path

|l ength of from0.7 to 0.9 cm 8. The igniter of claim1l wherein the hot
zone i s womol/fseemr. 9. The igniter of claiml wherein thePoDUS@ONSO6 S
substantially U shaped. WO 01/55645 PCT/ US01/ 02506 - 15 10. The igniter

of claim1l wherein the hot zone conpris a conposition that conprises an
electrically insulating material and a nmefallic conductor material. 11.
The igniter of claim 10 further conprising a sem conductor material. 12.
The igniter of claim 10 wherein the hot zone conposition conprises: (a)
bet ween 25 and 800vol The égnitgnoietlaiot | wdarelin the hotzaICi cAB PHEESE GUNPOS{tHN bet ween

3 and 45 vol, % of a seni condugtive Lal; wee 5 vol % of
a netallic h GURP YT aE:?f%C{F 78 Yalﬁ}llta[elgé g{a%e?‘ag?%i(ﬁéwmﬁécr el ﬁu$ﬂ§%%§§ glz'one
conposition conprises MSi2 in an anount of fromabout 9.2 to 9.5 vol %

14. The igniter of claim/| wherein the roomtenperature resistivity of the
el ectrically conddictiJéepuiter ghdainy 1§ F‘Bme&%ﬁlfrr‘@l& %S@?@Cﬁw&@ﬁfm&?ﬂ%he room
tenperature resistivity of the hot zone. 15. The igniter of claiml
wherein the ratio of the roomtenperature resistivity of the hot zone is
at | east about 1.18. ti ffibsigriter pbdamt Ehpbemiruthe hpezing composgitiomfompiasesol d zone

Gl ectrie currontoacr B69sh ot iy Par S0P ARl fren s MRRUSL IBBRR S oPaim 16

wherein the currept haswaen9mhaab vepYd eeseicon@uctBie Mderid4 or 120 volts.
18. A ceramc igniter elenment conpri sicpfg: a) a pair of electrically
conductive portiéfs, ésewepdend dh vahia of@ metpllicgpondystyy: and

13.  The igniter of claim 12 wherein the hot zone composition comprises

MoSi, in an amount of from about 9.2 to 9.5 vol %.

14. The igniter of claim 1 wherein the room temperature resistivity of the
electrically conductive portions is from about 5 to 20 percent of the room temperature

resistivity of the hot zone.

15. The igniter of claim 1 wherein the ratio of the room temperature
resistivity of the hot zone is at least about 1.5 times the room temperature resistivity

of the cold zone portions.

16. A method of igniting gaseous fuel, comprising applying an electric

current across an igniter of claim 1.

17. The method of claim 16 wherein the current has a nominal voltage of

6, 8,12, 24 or 120 volts.

18. A ceramic igniter element comprising:

a) a pair of electrically conductive portions, each portion having a first
end; and '

b) a resistive hot zone disposed between and in electrical connection with

each of the first ends of the electrically conductive portions,



b) a resistive hot zone di sposed between and in electrical connection with
each of the first ends of the electrically conductive portions, WO 01/55645
PCT/ US01MQB085645 16 wherein the hot zone produces a st abbeT/iugei2san
tenperature at a surface |oading of from60 to 200 watts per cnR. 19. The
igniter of claim 18 wherein the hot zonﬁ has an el ectrical path |ength of
from0.51 to 2 cm 20. A nethod of igni phg gaseous fuel, conprising
applying an electric current across an igniter of claim18. 21. The net hod
of claim 20 wherein power density in the hot zone is from 60 to 200 watts
per cn2. 22. Thewlnetehodneélfot oongi P e stelele ngriiien eoceitrelsha setarsni nal

vol t age of 20 voIt 2 23. A method for formng a ceramc
i gniter, HBFV§| é“*%§§ﬁ%%¥f R electrlcally conductive ceram ¢ body
t hat conprlses a plurality of afflxed igniter elenments; b) |nsert|ng into
each el enent an electrlcall non-conducti ve n?terlal Qflfying
the plurality of 9gn|ﬂb?QEV@ﬁéﬁﬂ@nlﬁﬁWh¢ﬁ€”H% Wd@“&#a%Wh?ﬁgﬁgm%ﬁ ein an
igniter ele ySi1Gabl separated from adj acent elenents prior to
densifying.ﬂﬁg&“#ﬁgﬂﬁethod of claim24 further conprising forming a slot in

each igniter elenment and an electrically non-insulating material is
inserted into th slot met hod of. ¢l ai m 24 mh ein the slot does

not extend the e Pire %ﬁﬁflﬁ}-@nﬂl}gegals%oﬁ‘istﬁé - QIRTEHIE PR A 155 E4EC
PCT/ USO1/ 025@&ent adrbss an igniter of claim 18.

21. The method of claim 20 wherein power density in the hot zone is from

60 to 200 watts per cm?.

22. The method of claim 20 wherein the current has a nominal voltage of

6,8, 12,24 or 120 volts.

23. A method for forming a ceramic igniter, comprising:
a) providing an electrically conductive ceramic body that comprises a

plurality of affixed igniter elements;

b) inserting into each element an electrically non-conductive material;
and

c) densifying the plurality of igniter elements.

24. The method of claim 23 wherein an igniter element is physically

separated from adjacent elements prior to densifying.

25. The method of claim 24 further comprising forming a slot in each

igniter element and an electrically non-insulating material is inserted into the slot.

26. The method of claim 24 wherein the slot does not extend the entire

length of the igniter element.



27. The nmethod of claim?25 wherein an igniter elenment is physically
separated from adj acent elenents during formng the slot. 28. The nethod of
cl ai m 23 wher/sdoms t he body conprises at | east about 20 af PCrR®EdO/@BI6 er

el enents. 29.1 The nethod of claim 23 wherein the body conprises at |east
about 50 affixed igniter elenments. 30. The nmethod of claim23 wherein the
body conprises at |east about 100 affi*éd igniter elenents. 31. The nethod
of claim 23 wherein electrically conductive ceramic body is in a green
state in step a). 32. The nethod of claim 31 wherein the electrically
conductive body DNt Mae gicten ki@ A5swideaiaiahiigdteatlefrieanis phetitalf0% t o about

70% of theoretical densjity. ) )
separated from adjacent elements during forming the slot.

28. The method of claim 23 wherein the body comprises at least about 20

affixed igniter elements.

29.  The method of claim 23 wherein the body comprises at least about 50

affixed igniter elements.

30. The method of claim 23 wherein the body comprises at least about 100

affixed igniter elements.

31.  The method of claim 23 wherein electrically conductive ceramic body

is in a green state in step a).

32.  The method of claim 31 wherein the electrically conductive body in

the green state is densified at from about 50% to about 70% of theoretical density.



