10 MAY 200 CERAM C | GNI TERS AND METHODS FOR USI NG AND PRODUCI NG SA ,
BACKGROUND OF THE INVENTION |. Field of the Invention. The inventildhMA" 200
relates to ceramic igniters and i nproved methods for making the igniters.
5 2. Background. Cerami c nmaterials 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 by a wire | ead. One conventional igniter, the Mni-lgniterT™M,

avai lable from.th l.gnj ter L f g Lgned
for 12 vol t (hPRABAC I tERe ANDRBT I ERE ushi A PROIICIG sAE
conprising alumnumnitride ("AIN'), nolybdenumdisilicide ("MSi2"), and
silicon carbide ("SiC'). US. Patent 5,786,565 to Wllkens et al. (the "565
patent") di sBIATIEGRAIGHDOF THEMMNVIZEFION c igniters that conprise a) a pair

of electrically co%&m%i ve por.tions, each 20 portion having a first end, b)
a resistive hot z&idd 8l Y5OREAUMRt ween and in el ectrical connection with

h of the fi ‘ I i ' ' R h
each of the first Tﬁgmﬂ{mrlg %ﬁt]@sl ts%rahﬁgéfghreﬁ ang ifibloved Moot ,r%agk ot

zone having an el éctrica engt ess thah 0.5 cm an
el ectri cal | ytirdpnit@anducti ve heat sink material contacting the hot zone. 25
A variety of performance properties are required of ceram c i~gniter
systems, 2including high speed (lowtinme to heat fromroomtenperature to
desi gn tenpepat ur g ARhBUf ficient robustness to operate for extended
periods w thout replacenent. Many conventional igniters, however, do not
consi stently meet Ceranhic medgerialseimyn egjoytd greatsiccess as igniters degasfibd &irpacehave
A s
new ceramc Ist QICSP, %{dtheséﬁyt(c?srrs and %threll' déviéls that require ignition of gaseous fuel. Ceramic
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-IgniterTM , 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 ¢lectrically 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 bf 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 cbntacting 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.



2 SUMVARY OF THE | NVENTI ON We have now di scovered new, highly usefu
ceramt igniters that can exhibit  exceptional performance properti®espa i
i‘ncluding I ong operational lives. 5 It was surprisingly found that the
ceramic igniters disclosed in the above discussed 565 patent sonetines
fail due to "burnout"” of the igniter hot zone region. As nentioned ‘above,
‘the 565 patent discloses an igniter havi.pg a relatively short hot zone

el ectrical path length of less 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 I|ine voltage gives rise to a high tenperature
gradient. This high tenperature gradient is believed to result in

accel erat ed oy RaliAgy ofF PHEIRYENIEON €0i on of the igniter hot zone, which
may result in premature failure of the device. 15 In contrast, igniters of

the invention can Wokivdeow disnorerdil e wshighlywsefullearsinteyignitdrs thagtumuesxhibithot
zone region, thereby avlgx;i diqu]lg undesj r abl e, .t epper at ur.ew%radi ents in

i sol ated hot S¥BlIGRARErTQEMAnNEe Brogeitiss.Bcipdipe ngoprgtionliives pecifical Iy, in
one aspectgof the invention, ceramc igniters are provided 20 that
conprise: a) a pair of electrically, conductive portions, each portion
having a first enditwasdulgrisinglefiusd ihat theateranto egniliesphsbaed at teabownd i n
electrical connecti ith each. of t,li; first ends .of the electrically
conducti ve poij‘tSF‘bﬁ%‘? datenhsqgtinggsifai g\‘ﬁe“’h S ‘glﬂé?:‘tgﬂt?fj]‘)t BeRerfegiehgt h of

bet ween 0. 51 g,g]nmﬁaf&movz&hg’rﬁgg{aﬁ@disaakés%ﬁ%rg%r illggn% ﬁ}\t&%@%ﬂ&%&a hot

zone el ectrical pat ength’ o ween 0.6 cm preferably
from 0.6 cm t gorebaedtridal Pathripngh df lessthar 0, Spme fWitladit peihg bouabbyitheOry/itésn t o

0.9 cm used. herein, the term"electrical th |ength" designates the

| engt h of 1 hebgFﬁYF@ &hat dpring,operiian Ogjfuéh%w@wf fhie 2o vt Aoty eehappiEe, gihighe
igniter hot z 18 PvalhiRE tPN high8Ghpdradte RAGIGRL MBS hi ﬁﬁ‘&% LPadi 30
conductive en E@g @%ﬁcem\i’ gni tér. % It fl')é' beel?fgvled thélst}Ill k&c c(i‘)aﬁgrg aeél{}lgngt hs
can ef f ecti velsybetict¢dtogepdiiaacekderated pxidation of a localized region of the igniter hot

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 {egion, 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 em.

25 Preferred igniters of the invention have a hot zone electrical path length of
between 0.6 cm and 1.5 cm, md_re preferably from 0.6 cm to aboyt 1.2 Cl;l, 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. '



throughout the hot zone region, wthout producing iselated tenperatur® MAY 7701
gradi-ents which can lead to premature igniter degradation and failuld MR 00
Moreover, the electrical path length Iimts (up to about 2 cn) result in
effective heating and short tinmes to 5 ignition tenperature, wthout the
need for excessive power input into the system W also have found that
preferably the hot zone-region has a non-I3inear geonetry, e.g. a
substantially U shaped design, whereby the hot zone extends w thout
interruption across the top igniter width and then along a portion of each

side of the 10 ?tp?ﬁ:gﬁevlcgﬁgﬁgh 'Hot& eht@A V&genstc‘%%&‘rfﬁk@ﬁ&aer ﬁ ighs can

nore effectively d use or uce zone
region, relat ﬁﬂ@@@uﬁﬂﬁmmmhk@ommﬂmm pﬂoduamgmalaltddrtaapeﬂan&e gﬂ.ﬂﬁntsl gnr ter s

of the invention preferably al so .hgve .an el ectri y .non-conducti ve .
portion (heat WhiahopnileAdIERTCRANR; EHICE ﬂ%grh%ﬂogéﬁé?% IEPYET A rapteemcalr ¢ he

P nererauet ) BaBRtddd@fiolic (B B BLAP) dmb AL BOGRAOL ndBE RS hPAHESR the

electrically PaOnd i ORs and con regi on.

W al so haye {giitish fehileranire eittadak thetrieed RrielgRsive bawer iaputtiie thetystane (wi dth
of 20 the hot zone in a rectangular igniter, discussed further below) is
preferably at |east about 0.05 cm nore preferably at |east about 0.06 cm

A hot zone bridge referred,
and a hot zone bri ?9 ngfmh efo%@@hg%gé%@th% t%m%%uélﬁﬁggpgw LX??E
preferred. 25 g&nﬁttey,atg 9, sulitmintiaﬂy"l esshaped @&‘si@@t&&cﬁby thecholt Ay dxitends Wtﬂhbut
contain a sintered _conposition, contajnin conductive nmaterial and an

i nsul at i ng maimerraptionAcERss s tep ignjter yj aq emalong perion of cadnsidooldbet or
materi al . %bgl nYeﬁgﬁt LI I?ﬁ'b@h@w?éﬂ%uﬂ?ﬁ d-f?ﬁla?u ﬁémgﬂs%hhﬁﬁ?isﬂéctmﬁ chf'ﬁ!s ngion

will cont ar n nposition o onen 1%t i vel y

hi gher concentddaté mﬁerdemmtgﬁlﬂumﬂwﬂioemmlregﬁﬂ rb@titré & Scothpdrilde bRt | on
can be suitabl y operate over a wide range of voltages, including nom nal
vol t ages of 6, hagng ajinesuhojgenel 20, 4 Furt her provi ded are new net hods for
producing igniters of the invention,

Igniters of the invention preferably also have an electrically non-conductive
15 portion (heat sink) in contact with the hot zone region. In petrticular, 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; at:td 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,

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



whi ch include manufacture of a plurality of igniters-froma single bi{fefs sn;
material, enabling significantly nore efficient igniter production. ‘
Preferred nethods of the 5 invention for formng a ceramc igniter conprise
a) providing an electrically conductive ceram c body that conprises a
plurality of affixed igniter elenents; b) inserting i-nto each el enent an

el ectrically non-conductive material; and4c) densifying the plurality of
igniter elenments. 10 O her aspects of the invention are disclosed infra.
DESCRI PTION OF THE DRAWNGS FIG | depicts a preferred igniter of the
invention. 15 FIG 2 depicts schematically an igniter production nethod of
the invention. FIGS. 3 and 4 show results of Exanple 1, which follows.

DETAI LED DESCRI PTI €htkir phrEddd\NEN W et Aor produiohisd eiters of the ibiatibavent i on
provides a sintered ceramc igniter elenent _conprising tw cold zones and

a hot zone, twaidhonclidnmanfoctits ofie dwrabityrafdgnitepairom & singde hillst matedah 0. 51cm

b 2 - . i I . el ] h j | |
sonowhat | ongel g s By nlore bitfeidhs Rihict 68, AR PRt mtbods obife. o ¢
cm 25 FIG ligtntidiefod famings cetemicighiter donprise a)stoviditigtarelddriqilyt he

invention that includes a _hot zone portion 12 in contact with and di sposed
bet ween col d S@skstivegeramicchody fthat comprijes gjphwalily of affixeddgnites elgmsatsden t hose

cold zones 14 d ' E W . ol ne..ends
Taa and 14b PpEgHitd A lben AU Bkcall Wy SGhabROP ke ial Al o I EVRE 5
power ‘sour ce, tHeythnalty of iphitepulphhenuse of some type of lead 30 frane
mounting. 1 0 May 2004 51 As shown in FIG 1, hot zone 12 has a
non-|inear, substantially U shaped electrical path length "e" (shown wth

dotted Ii to enp ' ' fgylng - exit: s down the | ength of

each si deﬂgf t he igﬁ;ﬁ‘%@r&.’% |S€8§¥st%ag€g%g°§e§éﬁﬂ%on- | i near hot zone

geonetries are believed to nore effectively diffuse power density
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 foliows.

DETAILED DESCRIPTION OF THE II\IVEN:I]ON

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'typi;:ally, 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 frbm hot zone 12 are
in electrical connection to a power source, typically through use of some type of lead

30 frame mounting.



5 throughout the hot zone region and enhance operational life of th MAY 200
i gni ter. The di mensions ‘of the hot zone region may suitably vary provi déd"
that the overall hot zone electrical path length is within the ranges
‘disclosed herein. In the generally rectangular igniter design depicted in
FIG |-, preferably the hot zone w dth 10 between the cold zones (depicted
as distance "a" in FIG 1) is sufficient .tsa avoid electrical shorts or

ot her defects. In one preferred system that distance a is 0.5 cm The hot
zone bridge height (depicted as distance "b" in FIG 1) also should be of

sufficient size to,avpid igriter, defec I ncludi ng excesskve.l.ocalized
neati ng. wh ch 15 eatreabPEd T rdReREI T e iorihan SHESHEY fratgl ' =
di scussed aboygetrifsl (hits RUSHEE” DR with A6k iaf! ty ehiphadifS mARRBk g el ght
is at | east about 0.05 cm nore preferably at |east about 0.06 cm A hot

zone bridge hetterds defwif the iangtho cach side of the ignites {edispussed/abayesfuch nent; a hot

zone bridge hgigh f from0.06 cmt.0 out O, mjs.pore preferred; and a
ot zone-ori dghsibobroesBpis o RelipyRaS dieed s fe bR hebler R
preferred.s 2fhrbiphotOme hBf 2dhg eedion gkt énhaficcbpeatioantdife oPde ifawe been found

to be particularly suitable. The term "hot zone bridge height" as used
herein i s understood to nean the dinension of a hot zone that extends

arallel to the le . or i iLon 0 enanal l v rectangul ar
Pg niter, as exenpl ?ﬁ% QH“%“ﬁi"?}? ?}%ﬁg i’ﬁg{r?%l%d%%{)%ﬁig& %P‘ﬁfb&# @fm‘ﬂée#ﬂ@t tﬁ‘bt zone
"legs" that eyi@all hdOMhechetrdcangiinleafthtih evithiitht @4ngek Hisclbsed Hepdiheth tht 0 @

size to maintain the overall hot zone electrical path length to within
about 2 cm TEenesdhiyssiengwer igvigs datian dericted Hel Kbtl, poferatily thelit goneowisith 14a

and 14b, d ' - ti €y Laps ; i tabl v, var

Sui 't abl e gd;mggﬁt%%%%%é$%gf%§§g8draégl%‘ﬁgg age&ﬁflghgsgﬂhﬁc e%_tqsz_w t ent
5,786, 565 t 0 Metirisengiofs obbtherodefau®y. | Inase pfefertédSysieat, @it dfatah8d a ROBs b4

Axel son et al., which patents are incorporated herein by reference. r 6 1

0 MAY 2004 More particularly, the hot zone has a high tenperature (i.e.
1350C) resistivi tyThgfhopﬁ)tn%ﬁHg@Réwﬁt (er%te(? mlﬁﬂ%@eﬁ%”%}? % ﬁ'a?soosrfllgﬁlﬁ@eand a

roomtenperature
of sufficient size to avoid igniter defects, including excessive localized heating, which

15  can result in igniter degradation and failure as discussed above. As discussed above,
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 emt 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 bridgé heights of 0.035 and 0.040 have been found to be particularly
suitable. The term “hot zone bridge hcight” 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 a1:e 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.



resi st|V|ty of between about 0.01 ohmcm and about 3 ohmcm Preferr %p&t
zone -5 conpositions contain a sintered conposition of an electricall i 200t
i'nsulating material, and a nmetallic conductor, and preferably further
containing a sem conductor material. As used herei n, the termelectrically
insulating material refers to a material having a roomtenperature
resistivity of at |east about 1010 ohmcmg As used herein; the term

nmetal | i c conductor or conductive material refers to a material that has a
room 10 tenperature resistivity of |ess than about 10.2 ohmcm As used
herein, the term seniconductive ceramic (or "semiconductor") is a ceramic
having a room tenperature resistivity of between about 10 and 108 ohmcm

In general, prefer : HPl]Oz% U?l'igf? t .. 50
and 15 about 80 vwﬁg%ﬁ]ﬁ@gﬁttﬁ% /gg%%plggﬂ&! a?lt(l%% (E:)telrz’l ca ITQS%HJtlty

I nsul ati.ng mabfbetakenahoun.0d ohﬂmmtandrahqutafo cdim-braasitl aa-bomtterixﬁ&@tumm cm (b)
bet ween about 5 and about 45 v/o sem caonduct i ve materl al having a

resistivity ofessbviteehbewsen abp@t 91% QE’O‘EP@ andyboyh hoheyem g Repferzed hnsgoreen
about 5 and ap@:ﬁ& &Igon\é/ 8nfdin H‘E*é’ﬂl dolfpo HHﬂHF%rgéle&ﬁ&lﬂgmﬁﬂaﬂ{gééﬁggéﬁ %r}'dz

| ess than about ohmcm re erabl’y t zone “conpri
v/ 0 el ect ri cahlmetallis vbrahictog, andrpmferably]iﬁﬂh& c\bhtaumrﬂg 4 beniscemiucmn thatdrial.eAs

ceram c, and 6 v/ o, of th uctive. rraterl In certajn preferred
orboi ment . P8 heBBEE [ Sordiiany ghsulngearetel flers b B1eeria BRE & ragrign
amount  of frOfegﬁpte%&re%eélgﬂ@dftahe%’gtamem‘“%tzﬂat @ig&%&ﬂ@ﬂ&ﬁﬁ&% t&im t he hot

zone conposit nore preférably fromabout 9 to 13 vol ased on total
conponent s of metadlid omﬂdnomeocquostl\tel matcnﬂmcfca 1@ 4 maserial itipt ihasea room 25

particularly preferred rm m di siilicjde,concentration js from about
55 o 0B B atye o G LA AONE OHGT Sk 564 Sois BTS¢ 1 on.

Sui tabl e el eCEédlﬁ@ﬁ&ﬁétlb@@éfhﬁﬁd (39 " $5Rli 8 dakioP P IRPRRRhR 1Rl q‘ro&?ﬂ@mgcrannc

conpositions 1 nclude one or nore netal,6 oxides suﬂh as al'um num o

nitride such wlmvﬁgoﬁbmwmmﬁﬁmmmlﬁmmn nitride or boron nitride; a
rare earth oxide (e.g., yttria); or a rare earth oxynitride. A um num
nitride (ALN) and al um num oxi de (A1203) are generally preferred. 1 0 MAY

2004 -7 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 (c) between about 5 and about 25 v/o of a metallic conductor having a
resistivity of less than about 102 chm-cm. Preferably, the ho;)t 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 amou'I.it of from about 9 to 15 vol %, based
on total components of the hot ione composition, more preferably from about 9 to 13
vol %, based on total compaonents 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 (Alzbg) are
generally preferred.



Typically, the metallic conductor is selected fromthe group consi stiirfghaf 200!
mol ybdénum di si |l i ci de, t-ungsten disilicide, and nitrides such as titaniuni
hitride, and carbides such as titaniumcarbide. Mlybdenumdisilicide is
generally preferred. 5 CGenerally preferred sem conductor materials include
carbides, particularly silicon carbide (doped and undoped), and boron
carbide. Silicon carbide is generally preferred. 10 Particularly preferred
hot zone conpositions of the invention contain alum num oxide and/ or
alum num nitride, nolybdenumdisilicide and silicon carbide. As nentioned
above, in at |least certain enbodinents, the nolybdenumdisilicide is

present in an ampunt of from9 to 12 vol % For a 24 volt igniter, a

particularly  pref enypednohy RemiBolisibd i ke ePR6RhE fiouBRohdslQ abou!

9.2 to 9.5 vol % based on total conponents of the t”zone c rrp03|t|on
As di scussed atdyelenigrdisibeide, dhngstes disilicade, iaod nity@issath ys Ghsiomositide] andat

| east one | ow resistivi ne region i.n eletrlcal
connecti.on wi Fgr%l"ﬁ’é H&%WH“‘P& Lbiqel MPV@& @gﬂlﬁﬂws BFneid lryé’r?fégﬁ% to the
igniter. Typically, a hot zone conposition is 20 di sposed between two cold

zones. Preferably, such cold zone regions are conprised of e.g. ALN and/or
A1203 or ot her i nsdleatiaby prefereed simic@id@tor metetiels iméudeccmﬂnidcﬁ, particalailer i al ;

and MbSi 2 or her tive terial. wever zone regions wll
ave 5 st gni f SULERD 5 OHeg darega SRt sof DORB CECTIP SEHedt ASABLCt  ve
materials (epgeferrsdl.C and MSi 2) than does-the hot zone. Accordingly, cold

zone regions typlcally 25 have only about 1/5 to 1/1000 of the resistivity
of the hot-zone conposition and do not rise in tenperature to the levels

of t.he hot,zone. e.preferred s where the.co zane roomtenperature
Pesi orivi 197705 - orbaliisth G Eed fot R Eomo it oM bR CORa o | vity of
the hot zone. afifhifluRy 8%idE hﬁﬂoﬁﬁﬁlﬂuﬂlﬁﬂﬁnﬁﬁnﬁéﬁ’bﬂéﬁﬁn f:li%'ihdﬁﬁ,eaddr& §QRich®ideof

]
the invention conprises about 15 to 65 v/ o al um num oxi d f um num
nitride or ot Hermeniinedabeve, et dastlertaimrembnidbnent Che molptbdemm distlicRleand Si C
or ot her Condugéslex\{tem%xq%m]b%n 01‘1(1) 810 12 vol %. For a 24 volt igniter, a particularly
preferred molybdenum disilicide concentration is from about 9.2 to 9.5 vol %, based

-~

15 ontotal 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 electricai connection with the hot zone to
allow for attachment of wire leads to the igniter. Typically, a hpt zone composition is

20 disposed between two cold zones. Preferably, such cold zone regions are comprised -
of e.g. AIN and/or ALOj3 or other insulating matt?_lf_ial; SiC or other semiconductor
material; and MOSi2 or other conductive material. However, cold zone regions will
have a significanily higher percentage of the conductive and semiconductive materials
(e.g., SiC and MoSiz) 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 -



8 sem conductive material-.in a volume ratio of fromabout 1:1 to about, 1.3,
More- preferably, the cold zone conprises about 15 fo 50 v/o AN and/'af "4 00
A1203, 15 to 30 v/(j SiC and 30 to 70 v/o MdSi 2. For ease of manufacture,
preferably the cold zone conposition is formed of the sanme nmaterials as

t he -hot zone conposition, with the 5 relative anbunts of sem conductive and
conductive materials being greater. The el&ctrically insulating heat sink

16 shoul d be conprised of a conmposition that provides sufficient thermnal
mass to mtigate convective cooling of the hot zone. Additionally, when

di sposed as ap.| J | \een el lified. 10 by the
system shown ?%h@'ﬁggﬁci&g%cqﬁé%\?yﬁ%g%w edsn? rgfg%]'ﬁzh]i eégag&étt}p%oﬁor? or the

ext ended col dpzsferabRotteicolibzohé @ompeseb4bmartd Bk eso AN shdIBi ABD, NMBIS 304aged.
In sone enbodinents, insert 16 nay be provided with a slot to. reduce the

mass of the Sy&eedd0 pr 4 wioddp§i,. Ferecass elomamdagtisg, prefambly thegoldezanesi nk has

a roomtenperature..resistivity, of at |east _ahout. 104 ohm cm and a, strength
of at least aBOMPOHHeS RERmMLoRhY et mpERdls ol the ot Zone SIPORIOT NI BS  has a
thermal condugdlative smdt£oE semictmiduaive ahil gbndastivOmarahistBRg@iaidre heat sink
and transfer heat to the |eads, and not so low as to negate its beneficial
heat sink function. Suitable ceram c conpositions for the heat sink

i ncl ude compositio IN . . vol -%.0f, at | east..one of

al umi num ni tride, @3‘#’ %ir)]erlﬁfctaiﬁ*r g'gs,uﬁglpé ﬁ%’g%m%ﬁt% %?1?1@9 bSICBWPHE{"da{ﬁ’& oPposian

t her eof \Wer e (i@ peovidds saffitgert QiEp@s] hase o Mitighd\bdivettBeJoblingofAPheRHe, 2
heat sink materjal conprising at |least 90 vol % alumnumnitride and up to

10 vol % al umiAsiditianalipevhany dispasedes angpsesidipueandve aonduaiiye lagr paewsmplifiedd

densi ficatjon [ I8t CS. r I heat , si_nk, conposi ti |, S

di scl osedtldl)n Eg-ﬁ%esﬁ'ﬁe%bé}t&“@. I%Ealtﬁég’ttﬁégﬁ%fg%f"{oﬁdeﬁ61?°°h§5@i"?‘fp?ggf?r thﬁe entire
di scl osure of exfehddd dctd zoreopapisiat ldd ahel 4 mndomakealtes pRRE: mak r&?%eam &
igniters of the inventjon can be e with a variety of voltages,

npl oyed .
i ncl udi ng nonSHEF SbPdiRass, Hisew 16 anay be providethyith aglog é reduce thpmasy ef the t he

I nventi on can t Loy tifar ; 1.2 r.et |
t enper at ur es, S%R(gﬁ tP g&gﬂgghf ﬂif??géggq&ﬁgwgg[ogﬁ?é géésjfg%'(])‘n g%@?&ﬁ%&@% ?%an\}reen 3
seconds or | esssistivity@fenledst Abowtrl 02 omsacambh sirengthses 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 ahot zone composition of AIN-MoS8i;-SiC is employed, a heat sink material

i : 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 compeosition is diselosed in co-pending U.S. patent application no.

09/217,793, thé entire disclosure of which is ini:orporated 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

Igniters 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



30 Igniters of the invention also can provide a stab+e i gnition tenpefdtMten,
with-a hot zone power density (surface |loading) of “from60 to 200 watts

per cnm2 of the hot 1 0 MAY 20P -9 zone region. Preferred power densities
include from70 to 180 watts per cmi, nore preferably fromabout 75 to 150
watts per cn2. The prlocessi ng of the ceram c conponent (i.e., green body
processing and 5 sintering conditions) and)the preparation of the igniter
fromthe densified ceramic can be done by conventional nethods. Typically,
such nethods are carried out in substantial accordance with the

ted U S. Pat 6, 565, t W.l | .k | . u. S. 191, 508
O T at el Yae rogmo e Bird oo oy b R el 180 Wita B OR

net hods of t herdfERTAR about"838 1 SR HVRGHSergader al 1y include simltaneous
production of "a plurality of igniters, " e.g. at least 5 igniters, nor e

typically at least 10 or 20 igniters, still nore typically at' | east about

50, 60, 70 , 80, 9Q.,or 100.i nfi&ers froma S|Rgle shet materi,al (billet).
15 More typically, pfclfe%‘lﬁ(i? t ﬁﬁerﬁ?"%ﬁ’ﬂoﬁ?ﬂt - sBI5F R %‘lYHra‘EﬂSV“%P’éﬁjuced
substantiatly I I I Jfl t
producti on5 m::tS ‘r?%émé %ﬁ?ﬁgﬁrﬁgﬁﬁﬁpﬁﬁﬁ% ﬂ& ﬂg'tal S eereftwl?g{ ﬁegé‘?ggﬁé’?ﬂ%’t&
conpri ses a pbudahé by cafventidnak mathods.physcaly] suchabdthadsane 20ridd adtant " i gni ter

el ements. The hillet sheet has. hgt .and col e Cco itions that are

a green stateS ‘?’?F&“'G]B?%‘P aB%F‘f”éhgl"éﬁ‘foéPor?‘ﬁgrlr’z gﬁ’&ﬁﬂ@%&@éﬁ%%ﬂ%%@ cal
density), buypef & phls0shavseRerBt Al ntered to greater than about 40% or
50% t heoretical density and suitably up to 90 art 95%theoretical density,

nmore preferably up to about 60 to 70%theoretical density. Such a partial
densification is suitably achieved by a 25 warm press treatnent, e.g. |ess
t han 1500C such as- 1300C for about 1 hour under pressure as 3000 psi and

under argon at nospipegferablyt 1@%&1‘5@?@&0&@&&3% h&tdkddnte WG ntx)éd]écﬁ of tHesl oot
and cold zones. conpositions are densified at greater than g%) per cent
These methods generally include simultaneous production of a plurahty of igniters,
e.g. at least 5 igniters, more typically at least 10 or 20 igniters, still maore typically at
least about 50, 60, 70, 80, 90 or 100 igniters, from a single s;hcct 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 ;nvention 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, e.g. less than 1500°C such as'1300°C for about  hour under
pressure as 3000 pst and under argon atmosphere. It has been found that if the billet
is the hot and cold zones compdsitions 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.



of theoretical density, the billet will be difficult-to cut in subsequent.,
processing steps. Additionally, if the hot and cold zones conpositi.ons arf
densified at | ess than about 30 50 percent, the conpositions 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. 10 MAY 2004 10 The billet may be of0a rel ativel y W de vari ety -of
shapes and di nensions. Preferably, the billet suitably substantially
square, e.g. a 9 inch by 9. inch square, or -other suitable dinensions or
shapes such as rectangular, etc. The billet is then 5 preferably cut into
portions such as with a dianmond cutting tool. Preferably those . portions
have substanti al | y Taghilet mands of 8 salatively wids ariplyeof shanep and dimengignsy 9 i nch
billet, prefe h J: LS | & j.r.d : e
resul ting secF?ég%\r)éblltys%mﬂ?ért\gﬁé@%%&#ﬁ%ﬁe@h%ﬁ%ﬁ@E{cﬁIbg?ﬁ P%kp{%tg% Urt her
cut (suitabl yothiet bnigabth diflendomsidrishaygs s gs re@anpubarj ete. THendllatighhah | gni ters.
A first cut w1l be through the bi kl et, to,prolﬁ' de physijcal = separation of
one ignitet ePefeAblyicubmaRoTHANSIER S With geligmond quttingytoph frefgrabliibose not  be
t hrough the | i t terLak .t I i fo:

ﬁg&%gs ?%\éeta{ﬁﬁstgﬁt%ll?ie 1R d‘?ﬁaklﬁsllons. ®of MRRne, WIHE 4 hlgﬂb 2 SlI‘l

i nsul ating zo sin to each 1 gniter. Eacéh of t C ot h

through cuts ait,eefeidbiyothgbillecistcn) inmthidde , sheeedcleofthe pasuhingutctdn@is Nches.

After insertion of the heat sink zone, the igniters then can be further
densified, pHeheyBppynebes.greater than 99 % of theoretical density. Such
further sintering is 20 preferably conducted at high tenperatures, e.g. at
or slightly above 1800C, under a hot isostatic press. The several cuts
made intoibhe, billet can be suitably acconplished in an autamated

DUt omat e system - b bl el OF upBpont ¢iiamoad sreR bl Barmties shows
a billet procgf@tuiingfesor SaGeuwiviilbd thoup8thd Billet, to provide physical
' separation of one igniter element from an adjacent element. Alternating cuts will not
be through the length of the billet maierial, 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 accpmplishcd in an
automated process, where the billet is positioned and cut by a cutting tool by an
25  automated system, €.g. under computer control. |
FI1G. 2 o;f 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 zéne 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



manuf act uri ng nmet hods of.-the invention. As depicted,-billet 10 has hgtMW 70
conpesition zone 12 and cold conposition zone 14, with hot conposition” ‘"
zone and cold 30 conposition zone interface 16. Preferably, at the

manuf acturi ng stage depicted in FIG 2, the hot and cold zone conpositions
are in a green state, but preferably -11 qensifi ed from about 40%to about
95% t heoretical density, nore preferabl y"l-fr'om about 50%to about 70%
theoretical density. Preferred billet 10 suitably has substantially equal

di mensions, i.e. preferably 5 dinensions g and h as shown in FIG 2 are
appr oxi mat el ydergified from ghoud40%amaebou PS5 thearetinad densiti meregwelgrabbolfem B | | et
10 is then preferably cut ipto,portions such.as with a dianond cutting

t ool . Pref era&%‘t ?‘R"{ﬂg‘éa‘b‘&?#ﬁ%&%ﬁ%&)gﬂﬁﬁanti ally equal dinensions. For

i nstance, as 10 depicted in FIG 2, preferably billet 10 is cut into thirds
along lines 18a and 18b. Billet 10 is then further cut (suitably with a

di anond cutting t oBieferted bpdad\t P duitablnbassubisiantially eaua fdimersiprisgire. peaferablynent s

cut 24y sl caewasiorce fed Mo REIG? e BB b YR B8 Behittion ne
| engt h of thejjohdd Bldid¥aised kbdve. t 0 enabl e insertion of the electrically

i nsul ati ng zone (heat sink) into each tgniter such as through opening 28.
Each cut 24 and 26 will be suitably spaced e.g. at 0.2 inches. After

donsi f1 6, * 20 pr oPBieaP  nE By obdlBlk B3 ACHRR Ao Thuig,

discussed aboy®l. Pretdrglfitloge patioadhdve skbstaftialydqiual dihaisidns.oFbminkande) &5s.
The igniters of the present I nvention may be used in many applications,

i ncl udi nglQasdemietsdirf &Y. 2; prsferetdy billspl § waut iasthirde ploag lings 13hd cooki ng
25 appliances, baseboard heaters, boilers, and stove tops. The foll ow ng
non-limting exanples are illustrative of the invention. Al docunents

mentioned herein ap@ldtnoey ther Alrter heraiinblywited daanod cutinghedly toasbiidet y. 30
EXAMPLE 1 Igniters of the_invention were prepared and tested as foll ows.
individual, 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 densified,
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 EXAMPLE1

Igniters of the invention were prepared and tested as follows.



1 0 MAY 2004 -12 Hot zone and cold zone conpositions were prepared ‘fqro v ap
first igniter, referredi to herein as Igniter A The hot zone conposition e
¢onprised 70.S volune % (based on total hot zone conposition) AN, 20

vol une % (based on total hot zone conmposition) SiC, and 9.2 volune %
(based on total hot zone conposition) MS Z. The cold zone 5 conposition
conprised 20 volunme % (based on total co zone conposition) AIN, 20

volunme % (based on total cold zone conposition) SiC, and 60 vol une % (based
on total cold zone conposition) MSi 2. The cold zone conposition_was

| oaded into a hot g dig g e8lddiofie andpdsitionk stereprpared iy Aie ignitgrorsfiatedon t op
of the cold zone conposition in the sane die. The gﬁgty\{b .8‘%@) sed on
conposi t i onsioirgeidandpfiieed. (gdoheene sATPPSIHERAEOMERH{d % ure to provide
the Igniter A Hot zone and..c hyd %@l ot RbaPedresbsition) a
second i gni t@*@lhoié‘?@r‘iogwoﬁ‘gootggﬁ’?@@ lgnl f(hg%éc%@l_gni ter B had the garre
g;aomet ry andsm&n?@nfvolﬁﬂlg%&akémmhgrﬂmepompoﬂh@)MSiz.%@éOEbﬁ%si tion

of Igniter a

B hé sanme 15 conponents (AIN, S C,and MSi 2)... inher A,
but the Igni tempBsitiot comprired Rﬂd(ggﬂmr"é‘sﬂs’%%ﬁﬁ é"‘iifé’%g (S “815‘&%go‘§<‘$’?r’eftL e ’3b
equi val ent to the resistance ] | gni iofD 10 and 60 eoluds YMHabed @ni ter A,
the Igniter Bﬂmﬁf"z@ﬂ%d&gﬁﬂ%gﬁlégﬁlevﬁgipfoggggd in?r(l) a hot - die press die
and the hot zgne.@BRSidngRitlaRMRSI;0 Th optdaione hempesitipr wirdordsdiBLiali®n i n
t he sane die. e conbi nat'i on of conpogsi t'iq%:as wa d&r}ﬁééélgg deogstaskionnder
heat 20 and di¢ pessidie and thsrhel zere MPOFIHAR ehon 9P O CR S T ar s A and B
were energized at 12 yolts. For. i itib RSk ad devsifib Rigethgr wider heatussed
in the hot zdR&he ¥ e'oiﬁ?ﬁ%no?lgnﬁneérf%gl?ﬁ%ﬁom inet he Efglé 3. For lIgniter

B, both the cgl & 18 Q)Mthgogmmfaéi‘ons of the igniter becane 25 hot,
as shown 1ilan Iﬂ%&cbrisg EXA?/PLE 2 Seven additional igniters (designated as

Sanples | through 7 in the Table below) were prepared with the sane hot
gggseén-?-hg()lhgt Zggﬁgﬁg@%@k&g}gﬁé 8%9%61?%?% E;\R:ﬁéjprfeﬁirecﬂ Siatsecond ipmitdexanmpl e 1
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 MoSiy) 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 F1G. 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

2- .
through 7 was varied; those hot zone areas are expressed as cm” is shown in the Table



through 7 was varied; those hot zone areas are expressed as cnR is shb@rMivg
the Table 1 0 MAY 2004 -13 below. The total resi stance ("Total resist."

bel ow, expressed asS ), hot zone resistance ("Hot zone resist." bel ow,
expressed as Q, cold zone resistance ("Cold zone resist." bel ow,

expressed as |) were each neasured and are set forth in the Table . below 5
TABLE Sanple Hot zone area 1 1.:10 2. 1:0%5- 3 8.71 10 4 7.84 5 7 Total

resi st Hot zone resist. Cold zone resist. Rhoc/Rcold 36 12 11 1.09 33

12.9 9 1.43 28.3 11.4 8.1 1.41 37 14.1 10.5 1.34 42 17.5 11.3 1.55 45
19.9 11.6 1.7 . o S a mni num
relative resi éfllo% ’ﬁﬁégﬁg{ez%%lﬁée eg%gﬁegﬁgﬁﬁgl%ﬁh%%%‘éﬁsg$§%§g hEz)one’ar esi st ance
(Rid) of Rhot rasistaneé REHbfondassiNPtbelw, ekresie ae¥®, ddldzoreaadidtitte(Tolf he
igniter sanmples. The invention has been described in detail with reference
to particul ar 20 rsisctbelew: exprésesdeasi(l) Werwesely measureg) and apeseh fopthaoitiat Bable hat
those skilled in the art, upon consideration of this disclosure, my nake
modi fi cati ons P& i npr ovenent s :

5 TABLE
 Sample Hotzonearea Total resist Hot zone resist. Cold zone resist. Rpo/Reoid
1 1.10 36 12 Il 1.09
2 1.06 33 12.9 9 1.43
3 8.71 283 114 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. - 402 22.6 1.7 2.94
15 : These results showed that a minimum relative resistive the hot zone resistance

(R to cold zone resistance (Reoia) of Rpor > 1.5(Reoia) 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.



within the spirit and scope of the invention. 10 MAY 2004 -14 \Wat ifg; MAY 900
claimed is: 1. A ceramc igniter elenent conprising: a) a pair of
electrically conductive portions, each portion having a first end; and b) a
resistive hot zone di sposed between ang in electrical connection with each
of the first ends of the electrically %nducwe portions, wherein the hot
zone has an electrical path length of from0.51 to 1.2 cmand electrically
non- cond¥hatyeclpianed ist nk material contacts the hot zone. 2. The igniter of
claiml1 wherein the heat sink material is disposed between the conductive
portions. 3. The igniter of claiml1 wherein each of the electrically
conducti e pomd;@mlcqgﬁlw@]emdmbdj}ﬁ SENE direction fromthe hot zone to
define a pair of legs, and the electrically non- conductive heat sink
material is didbpos@daeeiwlesirealy senductive portians, gach pertien havisem firshsadiei n

t he hot e has an electrical path length of at least 0.6 cm 5. The
igniter of claim1l wherein the hot zone has an electrical path | ength of
from 0.6 to b)2 caredistivei®t ze dlqmsai betvaermarkd infebscaiocal tdimebiidn whheadhas an
electrical path length of from 0.7 to 0.9 cm 7. The igniter of claiml
wher ei n chBeyst ez’éﬁefth§ Eﬂf‘gﬁlqallﬁgglpducg/e PPHEO™Sgni ter of claim1 wherein the
hot zone is Sm}&?%@hbyz&lesﬂfspﬁgelegtrlcﬂqﬁpthqgﬁe%ﬁrof% oy | 08 Mo 1‘@;’@!5‘1% the

hot zone conprises a conposition tha ect rical 'y 1 nsulating

mat er i al ekoticallyrrdombdnductonhbieat tiank nedrend catacty thielhpt gdnep r v ., |, |1 is (f
-15
2. The igniter of claim 1 wherein the heat sink material is disposed between the
conductive portions.
3. The igniter of claim 1 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.

4. The igniter of claim 1 wherein the hot zone has an electrical path length of at least
0.6 cm.

5. The igniter of claim 1 wherein the hot zone has an electrical path length of from
0.6to 1.2 cm.

6. The igniter of claim 1 wherein the hot zone has an electrical path length of from
0.7 t0 0.9 cm.

7. The igniter of claim 1 wherein the hot zone is non-linear.

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

9. The igniter of claim 1 wherein the hot zone comprises a composition that

comprises an electrically insulating material and a metallic conductor material.



10. The igniter of claim9 further conprising a sem conductor material. 11.
The igniter of claim9 wherein the hot zone conposition conprises: ?afﬂViﬁi
bet ween 25 and 80 vol % of an electrically insulating material; (b)

between 3 and 45 vol % of a seniconduqigye material; (c) between 5 and 25
vol %of a metallic conductor. 12. The'igniter of claim 11l wherein the hot
zone conposition conprises MobSi2 in an  anount of fromabout 9.2 to 9.5 vol
% 13. THE. i griibedgnitsr o ¢lainyd fusthes comprising asepirondyasmatenid. resi stivity of
the electrically conductive portions is fromabout 5 to 20 percent of the
roomtenperature resistivity of the hot zone. 14. The igniter of claim1l

wher ei n tihe r dihie Ggriifer bhelaing 6 WHesitp eiediot rene @dipwkitiontcymptiséshe  hot zone is
at | east about 1.5 _tines _the roomtenperature ressiqf?tﬂ_i vity of the cold zone
portions. 15. @nhe ibghyaca25snd 80 yphyq of gresicstrically gnsylpting sderiiks an el ectri cal

path | ength OES??T I OetyObeht 3t391d]¢52v0‘|f%oi§z’ﬁsen?i- duStN%n’ﬁéteﬁLl;Cl aim1 wherein the

hot zone has el ectrical path Ieng 0 rom to 1.2 cm 17. The
igniter of cl&)m 1 betvereaiSrand!?S vobdts aftametalic condwdterct ri cal path | engt h of
from 0.7 to 1.2 cm 18. The igniter of claim1l wherein the hot zone has an
electrical path length of from 0.8 to 1.2 cm 19. A nethod of igniting

gaseous fiyel , S pi i I i i gt er of
19 218@'1%1'?? r?g%ﬁﬂ 1 Y WRGre ANthE IHOE LoheCodmidsiith RRIRREs MYSI) BMtnl

claim1l1l. -16 od of claim19 wherein the current has a nom nal
vol t age afno@nt & frd@ ab@a 9.to A20oMbl ts. 21. A ceramic igniter el enent
conprising: a) a pair of electrically conductive portions, each portion
having a first end; and

13.  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.

14.  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.

15.  The igniter of claim 1 wherein the hot zone has an electrical path length of from
0.7t0 1.2 cm.

16.  The igniter of claim 1 wherein the hot zone has an electrical path length of from
0.81t0 1.2 cm.

17.  The igniter of claim 1 wherein the hot zone has an electrical path length of from
0.7t0 1.2 cm.

18.  The igniter of claim 1 wherein the hot zone has an electrical path length of from

0.8to1.2 cm.

19. A method of igniting gaseous fuel, comprising applying an electric current across

an igniter of claim 1.



b) a resistive hot zone di sposed between and in el ectrical connectioq .rva,p_\hMH
each- of the first ends of the electrically conducive portions, wher ei‘n’ t het
hot zone produces a stable ignition tenperature at a surface | oadi ng of
from60 to 200 watts per cnR and the hi% zone has an electrical path Iength
of fromO0.51 to 1.2 cm 22. The igniter of claim21 wherein the hot zone
has an electrical path length of from 0.6 to 1.2 cm 23. A nethod of

i gni ti ng 2§asedihs metbpd of olapm i18i whiereip ghe curten haed scminat voltagearfts, &clds#  an
igniter of gbaifp 21. 24. The method of claim 23 wherein power density in

t he hot z°5r‘ "¢ rom 60 to 200 watts per cn2. 25. The nethod of claim 23
wherein the current has a nomnal voltage of 6, 8, 12, 24 or 120 volts.

26. A nethod for igniting ?aseous fuel, conprising applying an electric
current &drosdh ceamigigniterrelernend cainprising: 27. A ceranic igniter el ement

conpri sing: angda) LI rjcall t] rtion e rtion
having a fi rs'?ﬂl siend;% %ﬁgc}? gfsef:@clg@ec%%@céﬁenéggglgg%ggé}gpglg]to\}/)\/ehearﬁng‘n%%?sg chd]

el ectricahdconnection with each of the first ends of the electrically
conduci ve portions, wherein the hot zone has an el ectrical path |ength of

from0.51 to ®9 craregistivghet zowudisposesd betwepr andyi; elestriel conmgriemwithysashei n
t he hot o 1. of from 0.6 to 0.9 cm 29. The
igniter g)?ﬂ% %?trsﬁr@g o&ﬂ%ﬁ%%%ﬁﬁlg%ﬁ%{hci\%ﬁg) laﬁsg’ an electrical path |ength of
from 0.7 to GvigreimtheSibtAoae pasduces gstalile igmfi@menipecanurpat 8 suxficedoating of

from 60 to 200 watts per cm? and the hot zone has an electrical path length of from 0.51 to

1.2 cm.

22.  The igniter of claim 21 wherein the hot zone has an electrical path length of from
0.6t0 1.2 cm.

23. A method of igniting gaseous fuel, comprising applying an electric current across

an igniter of claim 21.

24, The method of claim 23 wherein power density in the hot zone is from 60 to 200

watts per cm”®.

25, The method of ¢laim 23 wherein the current has a nominal voltage of 6, 8, 12, 24
or 120 volts.

26. A method for igniting gaseous fuel, comprising applying an electric current across

an igniter of claim 21.

27. 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 conducive portions,

wherein the hot zone has an electrical path length of from 0.51 to 0.9 cm.




a pair of electrically conductive portions, each portion having a firgl g s,
end;.b)a resistive hot zone di sposed between and in electrical connectiofn' &
W th each of the first ends of the electrically conducive portions, wherein
the hot zone has an electrical path length of fromO0.51 to 1.2 cm the hot
zone conprising a conposition that coﬁﬁ ises: i) between 25 and 80 vol % of
an electrically insulating material; ii) between 3 and 45 vol % of a

sem conductive material; and iii) between 5 and 25 vol %of a netallic

conduct Oor., 31...The igniter. of,clai m30 erei,n the, hot zone .has, a
SPeatrt s St kAN lioly Shalel (g npl S0 fes'sh elebfricef B 18 ¥ Som 1 30
wher ei n t@td®b cgone has an electrical path length of from 0.7 to 0.9 cm

33. A nethod for igniting gaseous fuel, conprising applying an electric
current across an igniter of claim30.

29.  The igniter of claim 27 wherein the hot zone has an electrical path length of from

0.7t 0.9 cm.
30. 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 conducive portions,

wherein the hot zone has an electrical path length of from 0.51 to 1.2 cm, the hot
Zone comprising a composition that comprises: i) between 25 and 80 vol % of an
electrically insulating material; ii) between 3 and 45 vol % of a semiconductive material;

and iii) between 5 and 25 vol % of a metallic conductor.

31.  The igniter of claim 30 wherein the hot zone has an electrical path length of from
0.6t0 1.2 cm.

32.  The igniter of claim 30 wherein the hot zone has an electrical path length of from
0.7 t0 0.9 em.

33. A method for igniting gaseous fuel, comprising applying an electric current across

an igniter of claim 30.




