P 'J APR 2901 COWPCSI TI ONS FOR CERAM C | GNI TERS BACKGROUND OF THE | NVENTI ON
1. Field of the Invention. The invention relates to ceramc igniterpgjAPR 0
conpositions, and nore particularly, to such conpositions that contain
conmponents of a conductive material and insulating 5 material, where the
insul ating material conponent includes a relatively high concentration of
"metal oxide. 2. Background. Ceram c naterials have enjoyed great success
as igniters in gas fired furnaces, 10 stoves and clothes dryers. Ceramc
igniter production requires constructing an electrical «circuit through a
ceram c conponent, a portion of which is highly resistive and rises in
tenperature when electrified by a wre |ead. One conventional igniter, the
Mni-lgniterTM, available fromthe Norton Igniter, 15 Products of

MIford, N.H, is designed for I gggﬂl pgsapplications and
has a conposition comr@@b@@sﬂﬁ@ﬁm%??rl e (%1‘ %i N" l)‘ mol ybdenum
disilicide ("MSiz"), and silicon carbide (" SIC'). However, while the
M'ni-lgniter is a highly effective product, certain applications require

vol t ages | U@jD@gOrHE_HSUEN’HQBIrti cular, in Europe, nom nal voltages
i ncl ude 22%”@ Eeg. Italy), 230 V (e.g. - France), and 240 V (e.:g. U K)).
St andard i gni t eFieappfitbe HIvepd@t-s require operation at a range of from 85
percent to 110 percent,. of efate%_,r{gg'%&jn%iigﬁnéﬂd&ﬁipoviﬁbha@admﬂﬁ@ﬂ@ﬁ‘é‘ﬁlﬁ»tosi ngl e

igniter to be a ¢ BUYEPILE0ge ¢ roughout Eurogpe, the igniter be
operational hfcrog{pﬁg\ilaeﬂé thBdoritain 26mpaneqs.of a 08559‘76‘?’3 ?ﬁ’g“\?g&ﬂ%%f'fg@?%f 240 V).
Current ighiters have 25, difficul tlgalproig&égng fildeha feltigiy g ext ended )
vol tagesraﬁgmdaﬂ;avhdr@ﬁﬂeamu}at’ﬂgé?"ée “PRPALT Ve y short hot zone |length.(e.g.
about 1.2 inches or {I)fess I.9iaempl oyed. 08 APR 21 2 For instance, at.higher

vol t age appPRCAFFHHS B 8N igniters may be subject to tenperature
runaway and thus require a transforner in the control systemto step down. .

2. Background.
Ceramic materials have enjoyed great success

10 stoves and clothes dryers. Ceramic igniter production requires constructing an electrical

portion of which is highly resistive and rises in

as igniters in gas fired furnaces,

circuit through a ceramic component, 2

temperature when electrified by a wire lead.

One conventional igniter, the Mini-Igniter ™ , availab{e from the Norton Igniter
Hford, NLH., is designed for 12 volt through 120 volt applications and has a
("AIN"), molybdenum disilicide {"MoSiz"),

and silicon carbide (*SiC"). However, while the Mini-Igniter ~ is a highly effective

15  Products of Mi
composition comprising. aluminum nitride

product, certain applications require voltages in éfccess of 120 V.

20 n particular, in Burape, ominal voltages ‘neinde 220 V (e.g. Italy), 230 V (e.g.
France), and 240 V (e.&. UX.). Standard igniter approval tests require
range of from 85 percent to 110 percent of a specified nominal voltage. Thus, fora

single igniter to be approved for use throughout Europe, the igniter must be operational

from about 187 to 264 V (L.e. 85% of 220 V and 110% of 240 V). Current igniters have
25 difficulty pmviﬂing such a high and extended voLtage range, particularly where a |
| zone length (e.g. about 1.2 inches or less) is empk?ycd. ' \

operation- ata

relatively short hot



the voltage. Use of such a transformer device is.clearly |ess desi r alplgespp gpgf,
.Accordingly, there i's a need for relatively small igniters for high
~vol tage applications, particularly over 5 a range of from about 187 to 264
V, which do not require an expensive transformer but still possess t he
foll owing requirenents set by appliance and heating industries anticipate

variation in line voltage: < 5 sec Tinme to tenperature Mninmumtenperature "
at 85% of design voltage 1100C. 1300C. 10 Design tenperature at 100% of

design voltage .e at 110% of design voltage 1500C. Maxi numtenp Hot-zone

|
Length < 100 w. Power For. a given igniter geometry, one possible route to'
provide a higher voltage 15 systemis by increasing the i gniter's :

resistance. The resistance of any body is generally governed by the
equation Rs Ry x L/A, wherein

20, Rs,; ReSkiitaPfRitedmay thesibjdct ol ty; L =

t he l.ength ofpot—hsmnoeqcauhngbﬂ\%ﬁ%&e%??h%w trass ectional area of the
conduct or. Because them%trﬁg%& Anéfin ther coatrol systeaniccSRMWEr s i s ;
about 1 i@uperatweesTungygy 9 engt can not e i ncrﬁf‘seﬂccﬁ)'r%{glfy' cantly
wi thout teduci ngusggfgﬂﬂﬁl‘aﬂfﬁsﬁrmbedmsa y Jess desirable N
s for high voltagc applications, pamaularly over

there is a need for relatively small ignifers 101 bt
DSI'VG
5 arange of from about 187 t0 264 V, which do not require an cxpe transfo

to
still possess the following requirements set by appliance and heating industries

anticipate variation in line voltage:

' <5 sec
Time to temperature “TTT?) -
Minimum temperature at 85% of design voltage 1100°C. .
1 0°C.
10 Design tempcxature at 100% of design voltage 130 |
| Maximum temperature at 1 10% of design voltage ©1500°C.
<1.2-1.5"
- Length
Hot-zone g v
Power ’
5 For a given igniter geometry, One possible route to provide a higher voltage
1

. . ) rall
system is by increasing the igniter’s resistance. The resistance of any body is generally
govemed by the equation
Rs=Ryx L/A, _ ) ‘
wherein
20 Rs= Resistance;

Ry = Resistivity;

L = the length of the conductor; and

A = the cross-sectional area of the conductor.

| " - - - th
25 Because the single leg iength of current ceramic igniters is about 1.2 inches, the

lcngth can not be mcreased s1gn1ﬁcant1y without reducing its commermai
leg

’ 15

0.0010 and 0.002S square inches, will probably not be decreased for manufacturing .

TEASONS,



attractiveness. Sinmilarly, the cross-sectional area of the snaller |gnA L\e,,r
:,0.0010 and 0.0025 square inches, will probably nat be decreased forl & PRI
.manufacturing reasons. ft.~'r;2104 3 U.S. Patent 5,405,237 ("the Washburn
. patent”) discloses conpositions suitable for the hot zone of a ceramc
igniter conprising (a) between 5 and 50 votunme % (" fir/o" or "vol %) MSi?2,
and (b) between 50 -and 95 vlo of a material select ‘ed fromthe group
consi sting of silicon carbide, silicon nitride, alumnumnitride, -boron
nitride, alum numb5 oxide, magnesi um alum nate, silicon alum num -
oxynitride, and mixtures thereof. Addi-tional highly useful ceranic
conpositions and systens are disclosed in U S .Patents 5, 514, 630 and
5,820,789, both to WI I kens et aI U S. Patent 5,514,630 "reports that hot

zone conposi tigng paRars doset7 e dﬂ:fﬁentm)fdxﬁﬂélaﬁ}iﬂ@n itfonsRaited -
5,756,215 10 reports additi onal sintered conpositions t i nclude | ead

| ayers t hfsr tiecinitabne afa ¢mmggatermmgﬁﬁmg{a)sherw=@rﬁ a0gr 19 wéum o E“M@s ofoul d

be desirapl ve eram woul d
be part ] cﬁvoi@ Sl st SEGRA 50 BRA oF PR B SETR B B3l
reliably dohsURGE3FGligtn éy:ﬁhevsﬂwoagﬁ@msﬂmmam hitr0B, BRH bitki8e, dh@nindht V.,
especi al | y vm a relatively short hot zone Iength SUMMARY OF THE

| NVENT O\oéée hawmesiom alisiates silidomahyrintesy ¥y mitridsnprukinpityasthereaf. ar e
particularly effective 20 for high voltage use, including over a range of
187 to 264 V. The cerami c conpositions of the invention also are

particul arly useittonhOlighigWaerl U&i&&%@ﬂﬁhbﬁ.ﬁiﬂ@?ﬁmﬁsw disilogdiz 0.8/, 102
V, 24'V, 12 V, SV or 6 V applications, ngosmlons of -t he .invention can

- exhi bi t qBaﬂentséfSh%:@rﬂ!ldécﬁB@ﬁS@ob@hﬁ%Wlmﬂé ak {448 %ﬁ@m’%ﬂﬁr@ﬁlf?@ﬁef ul for
such T ower, ¥ 9ot 2% cBhBodififls' sABid P eklekl 269/olofHumina. U.S. Patent 5,756,215

10  reports additional sintered compositions that include Jead layers that contain up to 2% by

weight of silicon carbide.

It thus would be desirable to have new ceramic hot zone igniter compositions. It
would be particularly desirable to have new igniter compositions that could reliably
15  operate at high voltages, such .as from about 187 to.264 V, especially with a relatively
short hot zone length.

SUMM_ARY OF THE HJVENTTON

We have now dlscovcred Dew ceramic compositions that are particularly effective

20 for high voltage use, including over a range of 187t0 264 V.

, The ceramic compositions of the invention also are partibularly useful for lower
voltage applications, including 120V, 102V,24'V, 12V, 8Vor6 V applications.
Compositions of the invention can exhibit quite efficient power consumption and thus are

25  highly useful for such Jower voltage applications.



10 Nor e speci fical I y, -in one aspect of the invention, ceranic hot zone
.conpositions ..of the invention contain at |east three conmponent s: [T18) APR 1004
conducti ve materi al; 2). seniconductor material; and 3) insulating
material, where the insulating materi al corrponent i ncludes a rel ativel y
hi gh concentration of metal oxi de, such as alumna. It has been :
surprisingly found that such hi'gh concentration (e.g. at |east. about 25 or
30 v/o of the insulating material conponert) of a metal oxide provi des a
cerami ¢ conposition that can reliably provide a high noninal voltage,
i ncl udi ng 220, 230 and 240 V. Moreovef; ceranic hot zone conposi ti.ons aof
the i nvention have been repeatedly dem)nstrat ed to reliably provide a |line
~voltage over an extrenely broad hi gh voltage range, including from about
187 to about éﬁA Vspéi‘ﬁ gﬁgats dt o8 thetifteenition cteramnic hbarodeecompositions
enpl oyedt hrou 8th and reI i ably operate within 85 percent and 110
per cent %fﬂém&%eﬁ&tﬁaﬂﬂh@&cdm@nem1 1)&{‘;"@5‘1‘6}‘:"3@ i the vari ous

European countries. It also houl d be gertain

convent i cueahcdndtl(@bmﬂéér’g %ﬁg{ﬁz@{ a rel | agp@ VO tage at a

specified h volta Latiifion Of retalfoxide, aghwolivmgieai s  vari ed
- Q%:&g}n gcs’AaC e i}ﬂ%@wﬁ;ﬁg})&ﬁc n

over -a br t he conpositions of the invention that
provi de reI|abIe prolonged per formance over an extended high voItage

Composi 1 ?ﬁﬁ'syoitehﬁéiiqmﬂs%iq@ﬁ'“c“ B FpuERalol (B PO B0 g

use, as di S ,S 03'131.[? m\% oh@dtmdfihatalfohﬂlcqmmdsmaemmcal SO are.
hi ghly ug’é i ower age appI i cations, | ncl udj ngE) %ﬁ%m\ééz% 102V
or even |9&ﬁPo§iﬁbﬁ A@EGnablishly brovidesa iigh omipal ppit4ge HinFyATE 12 or
24 V applications, or yet |ower voltage systens such as sub-6 V systens.
For instace, igniters and hot zone conpositions of the invention can be

used Iﬁ@ battery-powered ignition systens. Ceram ¢ hot zone conpositions of
t he i nventi

nti on have been shown to exhi bit, exc l.ona con i on
efficiency, t hqp[eﬁysvﬁakdmgidhté zmwﬁt@ﬁ%ogﬁa J?’EB@ ebﬁ?? ?ecp%%na&y
e O ok aned 1 Yol proiide b deP b AT i vl
range, including from about 187 to about 264 V. Hence, igniters of the invention can be

employed throughout Europe, and reliably operate within 85 percent and 110 percent of
15  the several distinct high voltages utilized in the various European countries. It also
should be appreciated that while certain conventional hot zone compositions may provide
a reliable voltage at a specified high voltage, those compositions oﬂca fail as voltage is
varied over a broader range. Accordingly, the composmons of the invention that provide

| reliable, prolonged performance over an extended high voltagc range clearly represent a

20  significant advance.

While hot zone compositions of the invention are particularly effective for high
voltage use, as discussed above, it has been found that the compositions also are highly
useful for lower voltage applications, including for 120 V or 102V or even lower voltages

25  such as sub-100 V applications, e.g. 6,8,120r24V apphcauons, or yet lower voltage
systems such as sub-6 V systems, For instance, xgmters and hot zone compositions of the
invention can be used in battery-powered ignition systems. Ceramic hot zone
compositions of the invention have been shown to exhibit exceptional power
consumption efficiency, thereby making the compositions and igniters particularly useful



for ‘such 1l ow vol tage appllcatlons See, follows. Such enhanced pomer *
consunption efficiency also.can enabl e use of .nore. econonical . ?PQW%@W@
in an ignition system e, 0. a |ess expensive (lower grade) transfornmner
could be effectively enployed with an‘igniter of the invention relative to
a 5 conparable igniter that conprised a distinct hot zone conposition.
Cerani ¢ hot zone conpositions and igniters of-the invention also can
exhibit |ower thermal diffusivity and -higher specific heat than prior
systens, enabling See, conpos itions-of the invention to retain nore
‘thermal energy for prolonged periods<510 for instance, the results of
Exanpl e 7 which follows. preferred ceramic igniters of the invention have a
hot zone conposition conprising: (a) an-electrically insulating naterial

having a resistivity of at leas%fea Omemnﬁfﬁmmglbﬁwmeen about "3
and aboqbrﬂﬁhvﬁwvoﬁaﬁ@@ Pve materl al havi ngwg resi.stivity of

bet ween "about nd abo) cEHRTindtivn pificieacy blsg cave b nsg RSO and about
45 v/ o dblewe B B‘E%%ﬁ% cgmm 9

nposition bein gﬁﬂb ouductive

material gmafﬂ o ﬁtsxnahu&mtmnmm(*g)g 3?%8g’§%%‘%9§gﬁruct o havi ng a
resisti ‘?cf) ess pref em belt ygfﬁlﬁm@néraﬂﬁcwmmmﬂmmtgﬁ t he hot
zone conﬁgﬂfdmmncudd%g P8 e netallic conductor, and wherein at
. least_about 21 vio.of the ,Q seaqnﬁsmﬂnmgpmmmmﬁﬂ%ses a Metal oxide

i nsul @t i pemBRR parplle igpiter Bk P Iy, at |east about 25 vlo of the hot zone
conposition nore preferabl y at |east 25 conprises a netal oxide insulating
mat eri al such as alum na, 40 50. ggsag&}ggﬁaggfgfemmummameggmosmon
conprises a reteadmis o EOTEHFOHPOS , Insulating material h as al um na.
t Preferably at Iea ﬁg@ﬂ%&ﬁm e.@s mﬁdimatth@ﬂlp&ﬂ nf)‘ﬁ@ of a netal
oxi de sud?’i"‘"’fat%““éﬂ1 re preferabl %gg 3 Ptbiodked pervider Bed, i s Co
p 40, I50, OSMnSSchﬁlinﬁﬂnvanWQr%H 8l SRy mareri al bei ng conposed of
a netal oXlide

10 for instance, the results of Example 7 which follows. ,

{
1
i
E
i
£
i
[

i 1 ition
Preferred ceramic igniters of the invention have a hot zone compositi
re

comprising:
(&) an electrically

- 10
insulating material having a resistivity of at least about 10
15 ohm-cm; |
(by  between
een about 1 and about 10® ohm-cm,

resistivity of betw
preferably between about 5 and about 45 v/o of the hot

{ the semiconductive material;

_a metallic conductor having a resistivity o
o of the hot zone composmon bemg

about 3 and about 45 v/o of a semiconductive material having a

zone composition being

composed 0

20 ()
preferably between about 3 anc} about 25 v/

{less than about 107 ohm-cm,

compdscd of the metallic conductor,

etal
d wherein at least about 21 vio of the hot zone composition comprises a m
an

oxide insulating material. Preferably, at least about 25 v/ o of the hot zone compt;::zm
25' comprises a metal oxide insulating material such as alumma, more prefera:zr at -
) | about 30, 40, 50, 60, 70 or 80 of the hot zone composition comprises a m ox:atm
insulating material such as alumnina. Preferably at least about 23 vio of the ;:::t aboit o
material is composed of a metal oxide such as alumma, more preferably at

id
40. 50, 60, 70, 80 or 90 v/o of the insulating material being composed of a metal oxide



'V (=~ d APP, LOS L 6 | Also preferred is where the sole insulating materi al

conponent is a such as alunina. netal oxide. Preferably the hot zopern 7
© conposition conprises between about 25 and about 80 vlio of the insulating

material, nore preferably between about 40 and about 70 v/o of 5 Additional
preferred ceramc igniters of the invention have a hot zone t least f it
Il a y ov resist an electrically insulating material having a
~conposition conprising about 1 QIO ohmcm with a substantial portion of
t hat

i nsul ati ng material being conposed of ‘a netal oxide such as al um na;
a sem conductor material that

is a cagbide such as 10 silicon carbide in an
‘amount of at |east about 3, 4, 5 or 10 vlo; and a netalli.c conductor. |Ina
further, aspect of the invention, preferred ceramc igniters of the .
i nvention have a hot zone c

POSi L i flsulafing whsdrinhtompdnenf is@e of a
car bi de sg&lchs AsmiaC Al pref Wleﬁeitgér}%&I%orrpri 151% a‘metallic conductor
an. el ectricall

| atj | '
Conposedqooglg%f%tiﬂéuléﬁﬁg%ﬂﬁﬂﬁmmm mm Q@}éa&?%g&a,ﬂ%ﬁg t’lh‘%‘/é‘gf_

I'nsulating materi al
S : i i i terial.
the hot zone composition 15 composed of the insulating ma

Additional prcferr:d ceramic igniters of the inveintion hjavn; a ho't z-o:.m .
composition comprising an electrically insulating mat;cnal h;.wmg a-rc.swl::)v%ty 0 ;n "
about 10 ohm-cm, with 2 substantial portion of that insulating x-natcnal | eing comp
of a metal oxide such as alumina; a semiconductor material that is a carbide such as

10 ilicon carbide in an amount of at Ieast about 3,4, 5 or 10 v/o; and a metallic conductor.
SU1CO

In a further aspect of the invention, preferred ceramic igniters of thc-inveﬁtion
bave a hot zone composition that is substantially ﬁec of a‘carbid'e such.as SlCt. S:lc:a .
compositions comprise a metallic conductor and an elt.:cmcally msu:altmgm;1 rn; ;:ﬁa1 e
15 aresistivity of at least about 10'° ohm-cm, with a portion ott that ins .a g e
composed of a metal oxide such as alumina, and the inSl.Jla-.tmg matcnal comion noe
containing a further insulating material that is not an oxide, €.g. a.mmde;d suc; :.: ” t;w
Such compositions may contain the same or similar amounts as discussed abo

erti ma exni terial/electricall i erial
i insulating terial/semiconductor mate electrically conducting mat :
ternary (

20 compositions.

Hot surface ceramic igniters of the invention can be produced with quite small ho
: _ ! _ . e
lengths, e.g. about 1 5 inches or less, or even about 1.3,120r1.0 inches or less, an
zone lengths, €.8. . X » 120810
" reljably used -axt high voltages including from about 187 to 264V, in the absence of any
relial . 7 ., /1026 . j ﬁ
3 i ter. It will be understoc
; i 1 device to meter POWeT 10 the ign1
25  type of electronic contro . & | o
herein that for multiple-leg geometry igniters (e.g. a hairpin slotted dexgnq), _: ‘
length is the length of the hot zone along a single leg of the multlple—le'g igniter.

e gy ¢

-

ot



containing a further insulating material that is not an oxide, e.g,
~nitride such as AIN. {Such conpositions may contain the same or sﬁnl%h 2004
anount s as di'scussed above for the tertiary insulating

mat eri al / sem conductor materiaVel ectrically conducting material 20
conpositions. quite small hot Hot surface ceramic igniters of the

- invention'can be produced with zone lengths, e.g. about 1.5. inches or

| ess, or, even about 1.3,1.2 or 1.0 inches or less, and reliably used at

hi gh vol tages, including fromabout 187 to 264N, in the absence of any of
el ectronic control device .to, nmeter pdwer to the i-gniter. It will be
understood 25 type in slotted deign), the hot zone herein that for
nultiple | eg geonetry igniters (e.g. asingle'is the length of the hot zone
along a e leg of the éﬁgcﬂtgﬁ'éaﬁ'hcar]ra@lﬁ{bo al¥bii=g @MEperatugl] t er s of
the invention ‘FF"H%’a% rap| I'y’ to operational terrperatures e.g. to about
1300C, - 140QE aBéut 1300°C; i140efibart 1 550YU? inaboytharid seponflperdessoer evgan, 35 2. 5 or

2 seconds or less. 5 Preferred hot zone conp03|t|ons of 'the invention al so
can exhi b2 secdndgertless- hi gh tenperature capability, i.e. repeated exposure .
to high tenperatures without failure. The invention thus includes ignition
met hods that do not require renewed heating of the igniter element with
each fgiel i gni pjcpiredak ot conisitions bEthe davention elom camerdiist @Iamﬁcbighan
elevated.ignition "tenperature fqr extended .periods to O'[t%f di ate

i gni ti on tenperat@recapabilityal-§- repeated GEPATFEO TempEL w%‘?# WeHT 9 he

I nvention,can.be,run \V HheHREL ed hesitg tARe, 1000C,
1100C, 1280entoHes H’fﬁ?@%{kenﬁﬁrﬂ tﬁ extend%ﬁ%f%&g’w t hout a cooling

' period, e:@ntcﬁ&leﬁxuﬁthvifﬂemrfaﬂdgmaoﬁ ORatatr, Itlealgmt@ caf be WMUQ@SIYBGW‘&@D or 120

m nutes or nore. 15 Igniters qf the i vent| be of t
desi gns an&vatgﬁfﬂ;llguﬁfaﬂcwe%? 3 grq |‘H‘a‘é°d*ﬂ?“r %‘ey%

t wo- Isgge% hali r% S&G; Sﬂﬁ% rg@aﬁ{csnfq k&ﬁbﬂﬁe'&&ﬁuo@éﬁbe%@ﬁpﬂﬁﬁﬁm a void

and a region. Preferred for many application is a
"sl| ot ess’ ,ﬂp&aﬂfb (eWhbdut406°C, rlﬁﬁTCndM[H@ B2005C 1 300G, 13‘59& &8y Brgni t er

oo E;iéng& L oL 0l S g, akel ROS SRR RN ARG et 1,8950,2nC

20, 30, 60,0r 120 mimutes or more.

i—w

15 | Igniters of the invention may be of a variety of designs and 'configurationﬁ.
Preferred designs include "slotted” or two-legged hairpin systems, where conductive legs
are interposed by a void and are bridged by a hot zone region. Preferred for many
application is a "slotless” design, which does not include a void area. Typical igniter

designs have an insulator region interposed between conductive legs and contacting a

20  resistive hot zone region.

It has been found fhat slotless ignitcr designs employed in accordance with the
invention (i.e. where a central igniter region compri;g:s a non_—conductor or insulator
interposed between a pair of conductive r'egions_and c.:ontacting a resistive hot zone) can

25  prematurely fail, particularly by sq—called “arcing" where current traverses the central
non-conductor region between the two conductor regions, rather than flowing to the
resistive hot zone region. In other words, dielectric breakdown occurs through the
insulator region. Such undesired "arcing” ' of current through an interposed non-conductor

region can become mare prevalent at higher voltage applications, such as above 200 V.



It "has_been found that slotless igniter designs enployed in accordance with
.the -invention (i.e. where a central igniter region conprises a [ AP T0
non- conductor or insulator interposed between a pair of conductive
regions. and.contacting a resistive hot zone) can 25 prenaturely fail,
"particularly by so-called "arcing"” where current traverses the centra
non-conduct or regi on between the two conductor regions, rather than flow ng
to the resistive hot zone region, In other words, dielectric breakdown
occurs through the insulator region. Such undesired "arcing" of current

t hrough an interposed non-conductor region can-becone nore preval ent at

hi gher vol tage applications, such as above 200 V. r:~~P,,2U4 8 W have

‘found several approaches to avoid such undesired -arci in.slot] ess ‘-
i gniter systendVe averfonnd severalanpseacgss foavpid sur E“*ﬁ%’mgﬂa nitride

-ar

content of the insulafor reo (ofo]: | L0 RNk carre i rease
the. al um&RI PR Rfcg?ﬁg ﬁ%%i?@?‘é%e%gl}ﬁ%gf a1.un§§{§ﬁ5g%d}lﬁé%ro ggisée in AN
content capuRidrecsiby ebmpasiGorandndesipoadingly decréase theAhatinem ayide camtdnt.
provides for oxidation of the formed insulator region. It q?ﬁs Qeen f ound
that suchltcaisdaer fonmd shay sudheasy ingreasgiin ﬁﬁNicﬁnf&P‘fffaﬂtq%@&fﬂmPv tRdeskEdi cal

oxi dant) can render the | . SGhR4 L Sl : jcally
st abl e.g Cfﬁé?g'dgﬁ‘ggfrsapgfoﬁcﬁ@iﬂ%g%ﬁ on are iﬁgec ogrgéé‘gﬁl:s‘ﬁfﬁtro gf%iﬁl%%g%?l PTI ON
OF THE DRAVIINGEnE Gt shetshadtion (£ eat treatinizin eirpfrcatmentefity chethicad okidant) hot
zone conposition of the invention wherein, the A1203.is gray, the SiCis

|i ght gr agan sander the ingubitor EEIORMOTRICSIBE Ve-pRe el?‘?ﬁ%é?sgﬁ’l?ﬁ crostructure of a
prior hot zone conposition that contains no netal oxide wherein ALNis
gray, SiCis light gray and the MbSi2 is white. FIG 3A through 3D depi ct
preferred "s| otd@er aspbéls oAihetiheatsn igidischsedladiagns. 20 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON As indicated above, in a first aspect, the invention
providd@s a sintered ceramic igniter elenent conprising two cold zones with

a hot zon i ] rﬁ% e hot zone conprising a hot zone
conposi ti gﬁﬁﬁmgwpbﬁses: %a§ anégl ectrically insulating

FIG. 1 shows a microstructure of a preferred tertiary hot zone composition of the

invention wherein the Al,O; is gray, the SiC is light gray, and the MoSi; is white.

15 FIG. 2 shows a microstructure of a prior hot zone composition that contains no

metal oxide wherein AIN is gray, SiC is light gray and the MoSi; is white.
FIG. 3A through 3D depict preferred "slotted" and "slotless” igniter designs.

20 - DETAILED DESCRIPTION OF THE INVENTION
As indicated above, in a first aspect, the invention provides a sintered ceramic
igniter element con:-xprising twb cold zones with a hot zone disposed therebetween, the hot
zone comprising a hot zone composition that comprises: (a) an electrically insulating
material; (b) at least about 3 vol % of a semiconductive material; and (c) a metallic
25 - conductor havmg a resistivity of less than about 102 ohm-cm, wherein at least about 21.

vol % of the hot zone composition comprises 2 metal oxide insulating material.



material; (b) at |east about 3 vol % of a sem conductive material,; angw(gh&
- -a.metallic 25 conductor having 'a resistivity of :l ess than about 162‘*”‘“
.ohm-cm wherein at |east about 21 vol % of the hot zone conposition
conprises a netal oxide insulating material. 9 A sintered ceramic is also
provi ded having a hot zone conposition conprising (a) between.25 and 80
Vol %o an electrically insulating nmaterial; (b) between 3 and 45 vol % of
" a seniconductive material; and (c) between 5 and 25 vol %of a netallic
conductor having a resistivity of lesg_than about 10°2 ohmcm wherein at
|l east about 21 vol %of the 5 hot zone conposition conprises a netal oxide
insulating material. A further sintered ceranic is provided having a hot
zone composition conprising (a) an eleciricalgg i nsul atin t he

materi al,,

"nsul ating. matAsinsed anirmicns Ao RravidediEng Ad04 R AORPOS OB SORREFETS) o
“nmetallic conductor havi resi st t: : . {aTaTALA . 10 cm
and the HSWeEND %’Gr@o‘&?l%‘?frﬂ%ﬁ s_u%%a%@%%ﬁ%ﬁ%%@ﬁa car %?‘gg 42&%ri al .
Vet hods of Jrani: A0S fuserlabeindd(c besiveem Dami/2heal s wiia odetallic gendurtar
conprise.épglylng an electric currenf across an,igg'ter of2§he bqﬁﬁﬁtion.
15 As di sigérgesireatstviey off lessttban gheah 10inebipset Sthepeiy 1'&6%1’%'8 Hal i drhg a
significant volune of a netal OXie%?mru'ﬁe ﬁd'iﬁv%téif%ﬁ. zone conposition can
yi el d S chetzane corgpRsiian coPpRretiNehe lised ef fect i vel y under a hi gh noni nal
. vol tage, ineluding 220, 230 or 240 V, Moreover, these hot zone
conposi tions can be useful over an extrenel| i de range of. voltages, and
thus the conpomﬁﬁmmmtnsdcer&ﬂﬂﬁéﬁ??ﬁﬁm PFRBT C%B?‘Esgboél SPTPER i ons,
20 for example for 120 V. or 102 ) : MO dnbsife sRoFideandato 24 V
~appl i cati bHén ek B“HP@@ﬁ%ggéxé%g@%ﬁéﬁ J%nﬂ%gtrated Bt he exgnﬁggs

whi ch fol Low Jhffe: ak(B§a GREANS tdrdans: hadng gresisevey of leshidar phetdPostBan -
exhibit qutte good power consunption ef i%%%n Yy asb.é\el leiawer t her mal
di ffusd vi m,mwﬂieikgnmncs:pmpﬁpenrfe‘a’gﬁmfhy “EPiCBJF‘ SAAFENE: Wt hout being
bound by any theory, it is believed that. such properties, either
separately or in conbination, can facilitate performance of jgniters of the
i nvention at | Qyethy® dfageitapEasaas fush e wanovded yidpy BengBbfeRRAEoNs. I n

articular, such efficient power L , .
P applying an electric currenFt) across an igniter of the invention.

15 © As discussed above, it haé been unexpectedly discovered that adding a significant
vo-llumc of a metal oxide to a ceramic hot zone composition can yield a ceramic igniter
that can be used effectively under a high pominal voltage, inciuding 220, 230 or 240 V,
Moreover, these hot zone compositions can be useful over an extremely wide range of
voltages, and thus the compositions also can be employed for lower voltage applications,

20 for example for 120 V or 102 V or even lower voltages such as 6 to 24V 'applications.r

As also discussed above and demonstrated in the examples which follow, hot |
zone compositions and igniters of the invention can exhibit quite good power

consumption efficiency, as well Jower thermal diffusivity and higher specific heat than

25  prior systems.

Without being bound by any theory, it is bclic;véd that such properties, either
separately or in combination, can facilitate performance of igniters of the invention at lpw

voltage applications, such as sub-100 V applications. In particular, such efficient power



1 10 consunpti on and/or thermal diffusivity propertres render |gn| eranﬁ,
.the invention practicable for battery-powered i gnitions, h5é 10k
used-wi t h outdoor or portable heating or-cooking devices such as barbecue
units, cooking (grills) and heating units used with recreational »vehicles,

and the like. 5 Suitable netal oxides for use in the insulating materi al
conponent include e.g. . alum num oxide, metal oxynitride such as al uni num
oxyni tride and siiicon oxynitride, nagnesium alum num oxide and silicon

al um num oxi de. For purposes of this inyention, a netal oxynitride is
considered a netal oxide.- In sone enbddrients, netal oxides will 10 be -
preferred that- contain no nitrogen conponent, i.e. the netal oxide contains

no nitrogen atons. Al um num oxide (A1203) is a generally preferred netal

oxi de. A wbasumtionfand/tdr termaltdiffedaty pRpates mhécr igniycrbef &rnixlwyrédni f desired,
al t Hough nore typr cally a si n‘g{e netal oxide rm K 15 For urposes

of the -pm@ﬁ@ le FrdgRFrPOveRE! IERITRNY o 23 TRY| B ySachuith SUEAGF G ,

refers to ] caQﬁ:g east
about 101 c‘(i)" &rdogh?ﬁ %C%ﬂi 9%@%%%%5%@5{??&%0@ ?rltenn of hot
zone COWDQSMW&B&@&ati‘ohﬂVemMImdnhehmr be conprised solely of one or nore
netal oxides, or alternatively, the insulating conponent may contain
materidls in addition to the metal oxide(s). For instance, the 20

i nsul ati ng nat | ch as an
al um num gnr t rg t%i)leqﬁmégin%dr%tip%eﬁg@hboron hr tri %ﬂp%éﬁ{e&{e;g@tghsguxr de
(e-g., Yt talimAnumosxide, mtzﬂoaymtdﬂe soxly a8 dlwmiheim @xmtmﬂeranésihamtdeﬁrmmﬁe,rr al of

the insul ati ng conponent is . a um nitride AlLN) . i S i.,eved that
- use of an W{i Pmm%q’%fl‘?ﬁt‘j{% ‘[st I‘gf? ‘Hb iipfgsntion,

combi nat | ofhiaf B hittak 8 cotiifien & kel cRie %0 bific BabodiatArsNnlthl 2ES 341 ©

t her mal expa lon conpatibility properties while maintaining desired

hi gh w0l tagq:reﬁnatbr}lar tmsin naguiitheso semponenb gieethetniwdali oxide eoniamgs menigogeal
conmponent contains as a significant tion onge or,nmone netal -ox.des. More
speci fi caldigms.glyraigum é%ﬁﬁ/‘bge& milﬂé’mr}em’fmc{al BREE. A5 St

distinct metal oxides also may be employed if desired, although more typically a single

metal oxide is employed.

15 For purposes of the. present invention, the term electrically insulating material
refers to a material having a room temperature resistivity of at least about 10'® chm-cm.
The electrically insulating material component of hot zone compositions of the invention
may be comprised solely of one or more metal oxides, or alternatively, the msu]aimg
component may contain materials in addition to the metal oxide(s). For instance, the

20  insulating material componeni may additionally contain a nitride such as an aluminum
nitride, silicon nitride or boron nitride; a rare ee:th oxide (e.g., yttria); or a rare earth
oxynitride. A pfeferrcd added material of the insulating component is aluminum nitride
(AIN). It is believed that use of an additional insulating material such as aluminum nitride
in combination with a metal oxide can provide the hot zone with desirable thermal

25  expansion compatibility properties while maintaining desired high voliage capabilities,

As discussed above, the insulating material component contains as a significant
portion one or more metal oxides. More specifically, at least-about 25 v/o of the _

insulating material composed is composed of one or more metal oxides, more preferably



|nsulat|ng material conposed is conposed of one. or nore metal oxides, nore
c.preferably -11 at |east about 30, 40, 50, 60, 70,.75, 80, 85, 90, 95; ofn 28l
v/io of the insulating nmaterial is conposed - of one or nore netal oxides
such as alunmina. Preferred hot zone conpositions of the invention include
those that contain an 5 insulating material conponent that is a conbination
of solely & netal oxide and a netal nitride, particularly a conbination of
al um na (A1203) and aluminumnitride (AIN). Preferably the netal oxide is
the major portion of that conmbination, e.g. where the insulating conponent
contains at |east about 50, 55, 60, 7Q}-80, 85, 90, 95 or 98 .v/o0 of a
met al oxi de such as alumina, with the balance being a nétal nitride such as
alumi num 10 nitride. Preferred hot zone conpositions of the invention also
i ncl ude those where the g ARNhsl i Baterigng i rel y of
one or natleastebat 38,4488 @@?ﬁ ‘Zstsg'a ?37?15%5&]9 ﬁ al umlﬁna i's added to the

green body of CRSROSHddsHch afglummanvent i onal al um na powder may
be sel ecP‘é‘BPOsfgﬁF?féﬁ lpl]ﬁgwl um-na powder having an average grain size of

‘bet ween about 0.1 and about 10 m crons, and onIy about 0.2 wo inpurities,

is used. Preferably, the alunin has K thbgi theeonalost 0.3 and
20 about 10 Weréforred hetepas SHPIC a‘é coa ca CI n al um na, avail able from

Al coa_ | ndu trial auxédbingion. of sblslyismdtal pide apdbpaieta)
al uni fa &P |1th?%a§uce§b§enﬁha$ e

In fornms other than a_ powder ng, but not
I : nted tn@mt a8l %mag%rgloi c@ﬂbmalpx{nmfeﬁémgm (%@3)1%"’6‘1%9% Wd&;@ﬁ i on Iof dt he
al umi numnitride n genera refer o@hére@ns i ncl ude
(a) bet mnfeemthewwf%&ﬁmgﬁ g

ectrlcally i nsul ati ng

' material hayi BulyS ;ttaoﬁ?mg A least atoansy, 55b6ﬂ4t70,1im 26, %ﬁﬁ@rr%eb’)of@et ween
a

about 5 a‘ﬁﬁ‘ sem conductlve mat er i al, hayi sistivity
of bet weeg,e@p@xme Qxﬂ:haasdlmiw&twlﬂ@@le 155 1% DyEES ‘gX‘ aggl““?“@'ﬁand

about 25 v/o_of a metallic conductor having a resi st|V|ty of | ess than
about 10l Omigridshm cm - 12

Preferred hot zone compositions of the invention also include those where the

insulating material component consists entirely of one or more_metal oxides such as

alumma

15 )
When alumina is added to the green body of a hot zone composiion, any

conventiopal alumina powder may be selected. Typically, alumina powder having an
average grain size of between about 0.1 and about 10 microns, and only about 0.2 w/o
impurities, is used. Preferably, the alumina has a grain size of between about 0.3 and
20 | about 10 um. More preferably, an Alcoa calcined alumina, available from Alcoa
Industrial Chemicals of Bauxite, Ark., is used. Additionally, alumina may be introduced
in forms other than a powder, mcludmg but not limited to, alumina sol-gel approaches |

and bydrolysis of a portion of the aluminum nitride.

25 In general, preferred bot zone compositions include (a) between about 50 and
about 80 v/o of an electrically insulating material having a resistivity of at least about

10'° obmu-cm; (b) between about 5 and about 45 v/o of a semiconductive material havmg

a resistivity of between about 10 and about 10® chm-cm; and (c) between about 5 and

about 25 v/o of a metallic conductor having a resistivity of less than about 1072 ohm-

\ i T A A
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.ceram c, 10-45 vlo of { the sem conductive ceram c, and 6-16 v/o of the

" Preferably, the hot zone conprises 50-70 v/o el ectrically insulatifngh?? 128

AR

conductive materiali If the'electrically insulating ceranm c conponent is
present as nore than about 80 5 v/o of the hot zone conposition, the -
resulting conposition can becone too resistive and is unacceptably slowin
achi'eving target tenperatures at high voltages. Conversely, if it is
present as |ess than about 50 v/o (e.g. when the conductive ceramc is
present at about 8 v/0); the resulting ceram c becones too conductive at
hi gh voltages. Clearly, when the ‘condgctive ceramic fraction is. raised
above 8 vlo, the hot zone is nore conductive and 10 the upper and | ower
bounds of the insulating fraction can be suitably raised to achieve the

- required voltage. As discussed a -¥§y/oi@ﬁé%maﬁ%pﬁ%@hthwemiOn’
e

ceram c RepdferablyethedohpeRsi QOMPNSeS, OV at are 21}1 | east substantially
free of a carhide such as Si (4 Qe+ diied endbtyveanytedslher seni conductive
mat eri al th c‘t‘&‘fﬁtb‘ﬁ‘f ons‘%lgnpri se a netallic conductor -and an
electrically insulating material having a resistivity of at |east about
1010 ohmcm with a Substantial portion o | Shbdtharpdeai @ bei ng
conposed of a Ifititeadlectmoally dnsiaing & raﬁ?ﬁﬁ?xﬂ%&%ﬂﬁ%ﬁ%ﬁﬂﬁsul ating mat %ri al
conponent al so cont ai ni N a..f 4r B elsiikB c8Mmpatitibh edn beomsttoeressRVEC e. g. a
nitride Stert &e bet RPRESPO é’?‘é‘ﬁpy*?‘ s&cﬁﬂgorrpgsitions 0 contain |essthan
about 5 v QE‘QJ{; FrabR oWl adhiEvingaetieEtpeTAtIBS At dB R HTERFACE N Y ess
than abouf , f 0.5 v/o of _a,c

r bi de, .or . &f Resdat ¥ aboetg hot
zone conpmssenk ambssmab‘é}ﬁﬁpé’{%&;g' ﬁbcfwgﬁgghr%gnﬂgr ot her

seni conduct j ve rratlgri al . Orﬁgg%cgﬁﬁsw&ga@&vefaihighvmttegﬁnﬂleﬂmmq“dh? a

seni condu¥Pinfie sem conductor") is a.ceram cdﬁlﬁq 'cqﬁda room
tenper at upg, 8} Stdic/fratiohét rised albys b v/adhe BAEORH S BAMH CRTVTH (he

seni conduct i ve conponent is present. as nor Rabahdbly4fised 10 achievé the hot
zone wnpdﬁiugponat(d/ﬂqwb%@déﬁg’ﬁdﬁ“@ngeﬂ%g%% s the range of about 6-10

v/ o), the resul tant ccorrposition becones too conductive for high veltage
appl i catiG‘?‘fngﬂdg 4% 1 ack of insul ator). Conversely, if it is present as

| ess than about 10 v/o (when the ~ 8 APR 2004 -13 conductive ceramc is in

the range of abgsuziisgﬂsseldoab\é/vg,)m o Flhel GSHekt G¥the RARRESI, Ctiamidiztaues
compositions are provided that are at least substantially free of a carbide ,S.UCh as SiCj, or
15  preferably any other semiconductive material. Such compositions comprise a metallic .
condugctor and an electrically insulating material baving a resistivity of at least about 10
ohm-cm, with a subs{anﬁal portion of that insulating material being composed of & metal
.oxide such as alumina, and the insulating material component also containing a f\.n"ther
material that is not an oxide, e.g. a nitride such as AIN. Prefcrably, such C-()mposﬂ.-lons
;20 contain less than about 5 v/o of a carbide, more preferably the compositions contain less

than about 2 1. 0.5 v/o of a carbide, or even more preferably such hot zone cotnpositions

: . . . ateiial.
are completely free of a carbide, or other semiconductive material

For the purposes of the present invention, a semiconductive ceramic (07
55  "semiconductor") is a ceramic having a room temperature resistivity of between about 10 |
and 10° ohm-cm. If the semiconductive component is present as more than about 45 v/o
of the hot zone composition (when the conductive ceramic is in the range of &?.bm‘n 6-10
. v/o), the resuitant composition becomes 100 conductive for high voltage applications (due

1o lack of insulator). Couversely, if it is present as less than about 10 v/o (when theA

- —
m e AT T LA TR !



too resistive (due to too much insulator). Again, at higher |evel '%kﬂ?%ﬂ
~conductor, nore resistive mxes of the insulator. and sem conduct ﬁ
fractions are needed to achieve the desired voltage. Typically, the

sem conductor is a carbide selected fromthe.group 5 consisting of silicon
car bi de .(doped and undoped), and boron carbide. Silicon carbide is
generally preferred ~ For the purposes of the present invention, a
conductive material is one which has a roomtenperature resistivity of

| ess than about 10-2 ohmcm |If the conductive 10 conponent is present in
an anpunt of nore d= about 25 v/o of tRd-hot zone conposition, the

resul tant ceram c¢ becones too conductive for high voltage applications,
resulting. n an unacceptably hot igniter. Conversely, if it is present as
| ess -t han_about. 8. s ¥ tBe rdod® of abailt bart v/ok tisndesuliant comeposttoom egemst | ve

o
for high 7ot age aﬁgp% cations, resulting an ynaccepta old igniter.
Typi cal | yiootregstbwer{duc todpo michansiaten). A3 %‘rmglb%‘ gﬂ%}sl‘gj %B‘?Rﬁ‘%‘t F’?f& of
mol ybdenum di si i cide, tungsten djsi.l.jcd Lok e iR | t ani um
Cnitride, wmstptiveppx %‘Eﬂﬂa‘g" ﬁ?ﬁ%‘%@nﬁ@g@&ﬁ@“geﬁ. b’%b%%%gﬁ%m di seﬁ'?fﬁcd. de is
general |y dE%{??fv%[@_gﬁdWicgi?g,%&s&xﬁebﬁﬁu@roemcfaeﬁdaeaeatemﬁomahpgmupi ons of the
unt nu

i nvention ain alun 20 oxide, nolybdenum disil.icide and silicon
carbi dg, \hidistalgWfisiticon nirbideddopsgtand vaseprdhamna formpneaRide SILCoR f i onal
material of the insul gti ng material conponent The hot zone/cold zone

i gniter desheyallnpr fibed in the Washbum patent (U. S. Patent 5, 405,23 .
7) may be suitably used in accordance -with the present invention. The hot
25 zone provides the functional healing for gas ignition. .For hj vol t age
~applications (g the fiifosenoDba prosentineciion & AnduperBaisHiljs H’é%“’hﬂn has
resistivity of about 1-3 ohmcmi.n eraf u A8 n@ictik@00' to
1600* C. Aasrﬁéﬁitﬂn@ﬁllwefﬁggmg%ii.cs%%?g%%é}gq‘goﬁpﬁggxﬁ%n cgnprises about 50
to 80_125/ 0 &ﬁ%;%ﬂfmégﬁ%méi@é: ¥eh6udvePhre titin hBéE 286v/Sotithe ot zonepr ef er abl y, it
conpri‘ses. abou to 8 O vio al um num wi de,, and fgbgﬁl 6112 V/ﬁ M%ESIZ, C
6 APR 2004coniphsitibn3tevesalt@itCerammic ATRES e FoRdpgtiys 10 Bisp S MR TR the

hot zone Cx%gﬁ{ihg ?ns analg.)n%lélécp%%ly hot igniter. Conversely, if it is present as less than about 6

v/o, the resultant ceramic becomes too resistive for high voltage applications, resulting in
an unacceptably cold igniter. Typically, the conducto_r is selected from the group
15  consisting of molybdenum disilicide, tangsten disilicide, and nitrides such as txtamum
B nitride, and carbides such as titanium carbide. Molybdenum disilicide is generally

preferred. .

Particularly preferred hot zone compositions of the invention contain alumpinum
20 oxide, molybdenum disilicide and silicon carbide, with aluminum nitride optionally being

cﬁxployed as an additional material of t}m insulating material component.

The hot zone/cold zone igniter design as described in the Washburn patent (U.S.
Patent 5,405,237) may be suitably used in accordanéc with the piescnt invention. The hot
25  zone provides the functional hgaﬁng for.. gas ignition. For high voltage applications (e.g.
187 to 264 V), the hot zone preferably has a resistivity of about 1-3 ohm-cm in the
temperature range of 1000° to 1600°C. A specifically préfjerred hot zone composi_tion
comprises about Sd 1o 80 v/o Al;O3, about 5-25 v/o MoSiz and 1045 v/o SiC. More
preferably, it comprises.about 60 to 80 v/o aluminum oxide, and about 6-12 vio MoSiz,



AZ o A1203, 14 v/o MbSi2, and 20 v/o SiC. In preferred enbodi ment s, & Rep 199,
.- average grain size (d50) of the hot zone conponénts in the densified body
is as follows: a) insulator (e.g. A1203, AIN, etc.): between about:2 and 10
m crons; - b) sem conductor (e.g., SiC): between about | and 10 m crons; and
c) conductor (e.g., MSi2): between about | and 10 microns. 10 'FIG |

di scl oses a mcrostructure of a preferred hot zone conposition of the
invention that consists of a sintered blend of A1203, SiC and MdSiz. As can
be seen FIG 1, the conposition has a rel atively honbgenous arrangenent of
conponents, i.e. the conponents are wdldl- di stributed throughout the
conposition and the mcrostructure is at' |east essentially devoid of any
large areas (e.g. 30, 40 or 50 [Lmwi dth) of a single 15 conposition .
conponent . < Mar.£ , ' ' i GRRANERE have
coherent, lae%i‘ﬁ§§ﬁ%c}atggga%§ %?i%%égtﬁn%ﬁdﬁé IGh%}Zzshows a s%%{v?g?% '
m cr ost r ustdAROaf 14vioNiaBi:, emtd 20ove SEbnposi tion that contains no netal
oxide. In FIG 2, the conductive material (MSi2) conponent areas do 20 not
have wel | -defi ned boundaries and instead are diffuse and "feather-I|ike".

lgniters of thg, \fgx?édaﬂb&ﬂﬁcﬁewfe@«a@eig?éwsieé(mm%%imﬁs A preferred

design .is a slofted system such as a horseshoe of hairpin design. A
strai ght romhpshanein(thé dexsifis) bodylisas folops:ef erred enpl oyed, with cold ends

or term nal conpecting_ends on.oppqsi.ng ends 25 of .th ody. lgniters of
the invention tBpi canfajatay cg-&iﬁﬁa%a&‘?'g’ﬁwe%ﬁ@ﬂm&?{qmy col d

zone region in gl ectehcalhdABNEH. A WeblechR8otOL ardOTPmicPod} by T or
attachnment of v&ﬁre SjI’eieng%%ldto tﬁe(‘él gnl)tgr. eTypiocal ly, a ha? zone conposition
i s di sposed betgyeen dondudtord (&.g0, MoSiAPBet2@6d abakf 1 andri@snicRmef er abl y, such

col d zone regions are conprised of e.g. AN and/or -A1203 or ot her
insulating material; SiC or other sem conductor material; and MSi 2 or

other jsconduct ie: TRfiQidsad a nfiQWRKRure 60k Bref@RRA KR SbSorifdshioR B e
significantly higher percentage of the conductive and sem conductive
mat eri al s ifreefiion t&itConsigts MOBsiAjer¢chisiend of Al O3, SiC and MoSi;. As can be seen FIG.
- 1, the composition has a relatively homogenous arrangement of components, i.e. the
components are well distributed throughout the composition and the microstructure is at’
least essentially devoid of any large areas (e.g. 30, 40 or 50 pm width) of a single
15 composition component. Moreover, the conductive material (MoSi;) component areas

have coberent, defined edges and are not feathery.

FIG: 2 shows a shows a microstructure of a prior hot zone composition that
contains no metal oxide. In FIG. 2, the conductive material (MoSi;) component areas do
20  not hé.ve well-defined boundaries and instead are diffuse and ‘Teamer-ﬁke”.

Igniters of the invention can have a variety of configurations. A preferred design
is a slotted system, such as a harseshoe or hairpin design. A str_aight rod shape _isloﬂess) ..
also is preferred emplo_yed, with cold ends or terminél connecting ends on opposing ends

25 of the body. |

Igniters of the invention typically also contain at least one low resistivity cold
zone region in electrical connection with the hot zone to allow for attachment of wire

leads to the igniter. Typically, & hot zone composition is disposed between two cold



5 does the hot zone. Accordingly, cold zone regions typically have.only
.‘about 1/5 to 1/1000. of the resistivity of the hot-zone conpositﬂ&ﬁpﬁﬁ%Ldo
not rise in tenperature to the levels of the hot zone. A preferred cold
zone conposition conprises about 15 to 65 v/o alum num oxide, alum num
‘nitride or other insulator material; and about 20 to 70 vioo MdSi2 and SiC
or other conductive and sem conductive material in a volunme ratio of 10
fromabout 1:1.to about 1:3. Mre preferably, the cold zone conprises_ about
15 to 50 vio AIN and/or A1203,15 to 30 v/o SiC and 30 to 70 v/o MbSi 2. For
ease of manufacture, preferably the ©o1d zone conposition is fornmed of the
same materials as the hot zone conposition, with the relative anmounts of
sem conducti ve and conductive materials being greater. ecifically.

15
preferred col Qna..C e ons aresmmiprised of & Br AN, 15?’1%ntion
- cont ai nsZW'vﬁﬁ%%n@yM8§9/zgws?g ahdoq%tg vl o A%_ﬁ&? ELdethar | Y
- pr ef er r egpecakslaanmatedal S¥T of e ERCORCUCPHTAGHIY 85 0 1

he I nvention .
contains 30 v/o MSi 2 0 v/o ' 100 will Ravtl2fgnifieghtlhighescussed -above,
sl ot | esscd@ubﬁwm@gﬁbﬁé’wﬁ?’gf 8?@%193’/ cgr?t ain a non-conduct,i ve_ . region

i nter posggg' lgégg @g@ém@g@%| sepidoagdsctivemateniain(og., HCAE M) VR | at or

regi on

ty of at |east about.1014 oh 000
t enpekat Ypes heRst zaeotcotdingiyhenld AORETCBG8T gﬁ’fcﬁﬂéﬁa‘feeén%g rg%% rl%jg r< }jl a
strength of at least about 150 2 - anidl & 1t 28é 3 tefolpraiunt by tho devgls
i nsul at orof thegiesisti Gy %f@?g?trzé’ggcg?g?%?g? resisti'vi Iti);e/mat C{{Zerat i onal
tenperatures that js g,trefgﬁéééoliz@imnﬁaodﬁomgmnéﬂiébg\ﬂelétt@;65'[ An the
- resisti vi"cfshelbq “Phe ﬁ t zone region. Suitable in laﬁ %%ﬁgmgsbtqy(pns
conpri se bxi26), ahiminoin mmde oF OhHIEIAN0L MAERG AT 7 de " al umina, and
boron nitride. Cenerally prefer IS4 ivOrniteMRP i Gelume Gaticoefposi t i ons
are a m xdeSe af Si§ OARFhﬁﬁg?”gm&}l\f%gg andb%@giyc. Pr efer.ab% %@95 R?B??S’Si tion
conpr i sesﬁgﬁbggéi-ﬁlg%ﬁm?g.M@re@iefarahi_yxth@r@ldﬁonAERmﬂﬁ&S 983> R d S cussed

abovel® t o ‘¢ing.1n slotless desians;, Rref.erahl  aor
AIN and/or AkO3, 15 to 30 vio SiC an 5 1P RIES ST AR etsd YanaritF

preferably the cold zone composition is formed of the same materials as the hot zone

with the relative amounts of semiconductive and conductive materials being

composition,
greater.
15 .- .
A specifically preferred cold zone com;?ositions for use in 1gmt.ers of the
invention contains 60 vio MaSiy, 20 v/o SiC and 20 vio Al;O3. A particularly pf,cferred |
cold zone compositions for use in igniters of the invention conta;ins 30 v/o MoSiy, 20 v/o
‘ §iC and 50 vio }}1203.

20 As'd;lSCUSSCd abo{re, slotless igniter designs preferably contain é non‘condug:.tivc
region interposed between two conductive legs. Preferably, a sintered.msula.tc?r. rtfglor; t
has a resistivity of at {east about 10'* ohm-cm at room temperature and a resiSitvity ooa
least about 10* chm-cm at operational temperahges and a strength of at least a‘bc'n'lt .15 t
25 MPa. Preferably, the interposed insulator region of a slotless system has a rcmsm-\ntti)‘r’ ia
operational temperatures that is at least 2 orders of magnitude igrcater' than the reﬁ: t}; r
of the hot zone region. Suitable insulator compositions comprise at least 90 v/o of one

more aluminum nitride, alumina, and boron nitride. Generally preferred-insulator

e g A TR

- AT



. 5 conposition conprises AIN in addition to other resistive rrateri[alg o 9m
~particularly a netal i oxide such as A1203. It has been found that'% En%[% ’bn
.of AIN can prevent the occurrence of such dielectric breakdown of the

i nsul ator region. W al so have surprisngly found that use of AINis an

I nsul at of conposition can prevent undesired dielectric breakdown during
use., of an igniter, while addition of other highly resistive materials do
not reduce 10 arcing in such manner. Preferred insul ator conpositions of
.tHe invention consist of AIN, A1203 and SiC. In such AIN A12Q3/Si C

I nsul at or conpositions, preferably A T s present in an ampunt of at |east
about 10, 15, 20, 25 or 30 volune percent relative to A1203. Cenerally
preferred 15 insulator conpositions for use in slotless igniters of the

i nvention contain Al Nm'- a%flgmq@hdmeQIOQmm&al&CerfW@Y ©, nore
preferabPWﬁ%‘Eﬁm?"[% 20 v/o, “still nore prefergg:l @9@6 10 to 15 vl o;
A1203 in Sﬂg%@@w&oﬁﬁséﬁaﬁlm@wa@ viporie THREYIE 2 Té"% %85 v/o; still

nor e preFer y 70 to 80 v/o; even nore preferably 75 to 80 vlo; and SiCin
an amount of 5 to 20 via, preferably 8 to 15 v/io. A specifi(_:all¥ preferred
I nsul at or conposi.tion f&% %@&r%&@kﬁ%ﬁﬁ si@aﬁst@signs,nr@abmﬁéﬁﬁsé}lﬁ*%onsi sts
of 13 vlo AN SW Y) - and bal ance Si.C. As di.scuss cqxlﬁf}oé’ﬁnta'lt has
been féour}g RakicR xbdatises A INrinatidition tQ)$tthrf§ﬂF‘é‘fed"f‘mF%%F’cﬁ?l‘ et ioniters of
the invention al so can prevent undesi ¥l | asnk dhevatcufrarce
‘ instance,om%@hiaséﬂz(bagﬂb"é ﬁ%@é‘ﬂ&a’ég&?ﬁ%ﬁ%gﬁéﬂl}%wc{%ﬁfz%‘%@ y about
1500 to 25 160QC. |n .ai xhanderfegivar Vel alse, hgve QUPNSEERIB ORG24, 0. 5,
06, 07 okgiigh diglestrh Bdido B of e BT ¢

our or nore to provide, effectiyve qxi b €
- treat nent g{ wdeh® ANSyh@ingtlatce gbmposiW?V%WesgﬁcF@g{cg@g %{%%g%hﬁié nt

entails addi tional processin r eqUi Lo & REQPRBAtERds @b nét redusuct i ve
| egs afteﬁmmg'Mtdfenlgmtﬂ_sﬁu’(g?faga%@uiogﬁl er g’%@n affect its properties and
performance, In The d'é“l[ensi ons of the hot zone should be greater than

about 19, 5aTciREHBSEY eheral, the single leg length

Preferred insulatar compositions of the invention consist of AIN, Al, O3 and SiC.

In such AIN/ALQ3/SiC insulator compositions, preferably AIN is present in an amount of

t least about 10, 15,20, 25 or 30 volume percent relative to ALOs. Generally preferred
al 2 [} 2 X

I : : . n an
15 insulator compositions for use in slotless igniters of the invention contain AIN

of from about 3 to 25 v/o, more preferably about 5 to 20 v/o, still more preferably

t .
o more preferably 65 to 85 v/o; still

about 10 to 15 v/o; Al2Os in an amount of 60 to 90 v/o,

' ; iCi t of
more preferably 70 to 80 v/o; even more preferably 75 to 80 v/o; and SiC in an amount 0

S to 20 v/o, preferably 8 to 15 v/o. A specifically preferréd insulator composition for a

20  slotless igniter of the invention consists of 13 vio AIN% 77 vio AlzO5; and bal@cc SiC.

© As discussed above, it has been found that oxidative treatment of insulator regions

of igniters of the invention also can prevent umdesired dielectric breakdown. For

an be heated, e.g. about 1300-~1700°C preferably about 1500 to
02,03, 04,05, 0.6, 0.7, _0.8, 0.9 or 1 hour or

n. However, such

instance, an igniter ¢
25 1600°C, in air for an extender period, €-g. |
ovide effective oxidative treatment of the insulator reglo

i -prcbaration of the

6xidaﬁve treatment entails additional processing and requires re

conductive legs after oxidation.

e
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'so that cooling convective gas flow will
_provi de enough but

not si gnlflcantly aff ect
| ess than about 1.5 inches(te provide suffici

T 201

w dt h shoul d be greater than about 0.1 inches to

mechani cal ruggedness) -

provi de sufficient strength Provide
about 0.1 inches to provide suffici
Simlarly, its thickness shoul d be

the invention is sufficient strengt
an igniter of the inventionis typ
Inches in total single leg | ength.

about 0.001 and about 0.005 squared

5 1ts width should be freater than

ent strength and case of manufacture.
nore than about 0.02 inches igniter of

h and ease of manufacture. Preferably,
i_gal.ly beteeen about 1.25 and about 2.00
have a hot zone cross-section of between
inches 10 preferably,

square inches), and are of a two- Ieg% (rg)% ornencef Br r ed

t wo- | egged hawpd‘%e@&stﬁmmﬁmca@ PISINUGES S from 187 .t %Ztg For
preferred- 20 Yidng ode dmthmut n of
about | 6%] hb@l AL 8B 1edxfg1amp t?&%é% v/ o I\/b 2i the Ezﬁiﬂ QfeRgitd gni ter
di mensi dhis are pé;iﬁ;%%ﬁ Hgb cbnkéctive gheBow| Wﬁﬁ%‘?ﬂi éWI dth )(;f about
0.047 i esle ean out 0. 030 hirGedl rogpednessch as-

i nches. Eﬁ%tf desbg‘%zlggg%muslﬁumhea(@ﬁmé elfuﬁ?c}‘?b ort/]m%ger v Ita app 6,
8, 12, 2wm V. Hess" .i &amfﬁmen

bet wegn thjshaﬁldbégpeaeffféh g{]%ﬁl ess and hot d nches, a
hot z ﬁPength of Mnh egs%euﬂbmunorit@m ‘H@&f ﬁ%gﬁi’?“é@?nches
For Iome&narmfanwﬂs B al™ ar ea of bet wee one

| engt hs,
shorter
. having c
bet ween z

rﬂ}%h as Ixﬁ%@

j( G Kerweemhizbut h@D
e) legs 12
Zone CI‘OSS-—SCCUOII [v]

10  preferably, less th

For a preferred two
volts, and havin
about 13.

15 115 inches; individual leg width of
inches. That design and composition

6, 8,12, 24, 102 or 120 V.

Aprcferred ‘slotless" igniter

20 and2.00 inches, a hot 20
 cross-sectional area 0
voltage applications,

0.5.

25

_ zone)

distance X In FI1G.

e oy minelpemea BB B 5 oo
29 2804 RV RS il ding OEE

1d T4 HesttgEckndeboet 0205

an 0.0025 square inches), and are of 2

-legged hairpin igniter use
g a hot zone composition of abo

3 v/io MoSiz, the following ign
about

ne length of from
f between about 0.
typically preferred are shorter hot z

FIG. 3A depicts 2 preferred slotted 1
legs 12 and 14, U-shaped hot z0

conductive legs 12 and 14. As referre
14, with an igniter length v,

E?&B‘C’) sﬁn@géf%gﬁ yhgrei‘sgrred are

h%tyst em 10
h%?@h&kerposed

two-legged hairpin design.

or voi.d
square 1nc

Sl Ot n

fal over voltages of from 187 to 264 o

ut 66 vio AlxQs, about 70 v/o SiC, and

iter dimensions are preferred: length of about

0.047 inches; and thickness of about 0. 030

also is useful for lower voltage applications, such as

design has an overall length of between about 1.25

about 0.1 to about 1.2 mchcs and a hot zone

001 and about 0.005 square inches. For lower

one lengths, such as less than

gaiter system 10 having conductive (cold
t" or void 18 interposed between
icted as

pe 16 and "slo

d to herein, the hot zone length is dep

y, and a hot zone and igniter width z.

[P
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CrAhER

| ess than 0.0025



"conduct i've l egs 12 and 14. As referred to ‘herein,-the hot zone Iengt)h S, e
'* ' ilpimi

. .width z. .distance x:¢in FIG 3 A wth an ignitet lengthy, and a h

and igniter 03 APR 2014 -18 Current can be supplied to igniter. 10 via

| eads at ends 12' and 14' of conductive zones 12 and 14 respectively. FIG
3B depicts a preferred slotless igniter system 20 having conductive (cold 5
zone) legs 22 and 24, interposed insulator region 26, and U-shaped hot zone
28.-As with the slotless system as referred to herein, the hot zone
l'ength is depicted as distance x in Flg. 3B, with an igniter length y, and
~a hot zone and igniter width z. curreritt®¢an be supplied to igniter 20 via
| eads at conductive zone ends 22' and 24'. 10 FIGS. 3C and 3D depi-ct

addi tional suitable slotless designs of igniters of the invention. In each
of FIGS. 8Grrenicadbe snpplérdean dgniten h@ villeads et emdsp@hand bt oficeductiveriofes 18B,
i.e. in each of FIGS., K 3C and 3D the slotless igniter system has conductive
| egs 22 afed 1‘§2¥FSEFQQ’{C1Ynterposed i nsul'at or region 26 and hot zone 28. 15 A
specifically preferred hot zone conposition of igniters of the invention
contains about 14 percent MSi 2, about 20 percent SiC, bal ance A1203. Such
a conposi tion iFG. PR desieshl preferrpd sipteks dgniter systarh @6 havigy comtuctiys (ceid

sui tably having a hot zone |ength of about 0.5 .inches. A further preferred
ot 7ohe E0HSBSIZRACn RO BB SBOR CBrAnd WEEFHE habeie o Asevient

Si C, bal apee, @1@5 C chfﬁé ihOthe St AL EAR 4 ﬁvéd%%ggége a

sl otl ess ﬁ‘%n”il erggglséég’n#rgfgﬁ?a yrﬁa&!ﬁﬁg a rlllot zg?%e Iegngth of a ,Ots}tqno. lto

1. 6 i ncheFIGASB itk ao ippdienlzogth v, bud a hatvwene wod igager wpith z.c Btiremtsandach as
sub-100 V applicatiqns 1 ypi call referred are shorter hot zone |engths,

. such as IégBPItqQéﬁIEWGFz@wﬂdé?fg@é#“dﬁﬁ?ves%?ﬁﬁﬁ@s@ef“’é&% igniters of the

i nvention can be produced with 25 quite small hot zone | engths, e.g. about -

1.5 inches or |less, or even about 1.4, 1.3, 1.2, 1.1, 1.0u 0.9, 0.8 inches
or |ed48, and r &lliG8bBE and 8D depidhadditiowl suitpbler dotipss dedigns| af dgmigrs ofche about

2o O dakaions 1t fach o STOR SR S I AerdrtR Suiderad EHHEENA o HRE oPhrl®V! ©
3B, i.e. in each of FIGS. 3C and 3D the slotless igmiter system has conductive legs 22 and
24 with interposed insulator region 26 and hot zone 28.

15 A specifically preferred hot zone composition of igniters of the invention contains
about 14 percent MoSiy, about 20 percent SiC, balance Al,O;. Such a composition is
preferably employed on a slotless igniter system, suitably-ha\{ing a hot zone length of
about 0.5 inches. A further preferred hot zone composi‘do;l contains about 16 percent
MaoaSis, about 20 percent SiC, balance Al;03. Such a composition is preferably employed

20 on a slotless igniter system, suitably having a hot zone length of about 0.1 to 1.6 inches.
As mentioned above, for lower voltage applications, such as sub-100 V applications,
typically preferred are shorter hot zone lengths, such as less than 0.5.

In general, hot surface ceramic igniters of the invention can be produced with
25 quifc small hot zone lengths, e.g. about 1.5 inches or less, or even about 1.4, 1.3, 1.2, 1.1,
1.0, 0.9, 0.8 inches or less, and réﬁably used at high voltage ranges, including from about
220 to 240 V, and in the absence of any type of electronic control device to meter power

to the igniter.



.19 An i mpor t ant perfornance property of a ceranlc igniter, part'FHQ@“b%L
mhere gas is ‘the fuel, is tine to tenperature (*TIT"), i.e. the tine for
the igniter hot zone to rise from roomtenperature:to the fuel (gas)
ignition tenperature. Igniters of the invention can heat rapidly to
operational tenperatures, e.g. to about 1300C, 1400C or 1500C in about '5 5
or 4 seconds or |less, even 3 seconds or less, or even 2.75, 2.5, 2.25 or 2
second or less. It has been found that hot zone conpositions of the
i'nvention exhibit extrenmely high tenperature capability, e.g. up to 1750C
wi t hout serious oxidation or burnout -p¥eblens. Tested conventional systens
fail ed upon repeated exposure to 1600C In 10 contrast, preferred hot zone

conposi tions of the invention survive "life testing" at such hi gh

t enper at.ur es, P&QanQ of B caafSc RRIG) pHeeH wm 1314500
It also has been ound”t hat nltergyof t he |n$%%t|on exhi ° @k

si gni fi canhtlfgelﬂemmgedn mn’hlﬂt@ﬁﬁgmﬁonﬁm @amrémtmst@wﬁmnch

heati ng test cycl es, at L Or Lons. As_di,scussed above,
'he. | nyeroPBHerReraEL (6t et vt cERRERRG R o Ret i heq

heat i ng ér%m fe §,e.d.h¢ wﬁl1g@a°ccmd9e of y50d%er; %&lﬁnded
periods O%#g%?&l? g}? t&gﬁpén ature seu fi gl ent for fuel ignitt onlIl

Wit hotg t her #Aeemniioor lesw)sveami secomdsodrflessi omevendats, Bg/ 2.38lor Bggcondor iasg. 20
The processing of the ceram c conponent (i.e., green body processing and
sintering conditions) and the preparation of the igniter fromthe densified
ceram c can bey Iﬁ.gﬂgexpﬁbuﬁ@{h\é?ﬂéﬂﬁaﬂéboﬁﬁém of IePinG@tol exBibRxiFBLRgds are
carried out in substantial accordance with the Washburn patent. Seée al so

t he exanphigh teperhtutotdpebility, erg. up m UZ30° G without saridhs puidstionsinimemdwg of a hot

fé’ﬂﬁefifﬁ%'°”'ss$rc%{v%éﬁ$ T BT uiin Pkt Rrokimla RAEC: i cal 1

wil | Mé@ﬁot%ﬁééaﬁﬁosuﬁmtmhuﬁd@fnoa stk 1T Ghat press)
or a hot |sos tlc press (H P). APR 2~A -20 It al so his been

surpri si nyigh témpcndtlirdrﬁat ghH9, Obem@l@mféaﬁqqndngnéﬂ sedoads pifaht4¥NE. Iiadse be
effectively, SenshildSal BuferdoPHeGnlntiin LAMBS SHnbEnd Paskreila LERThe AR

1800 or

temperature variations over such heating test cycles, relative to prior compositions.

15 As discussed above, the invention includes ignition methods that do not require
renewed heating of a ceramic igniter. Rather, the igniter can be run for extended periods
at an elevated temperature sufficient for fuel ignition, and without the need for constant
on/off (i.e. heating/cooling) cycling.

20 The processing of the cex:amic component (i.e., green body processing and
 sintering conditions) and the préj:arqtion of the igniter from the densified ceramic can be
done by ;:onventional methods. Typically, such methods are carried out in substantial
accordance with the Washburn patent. See also the examples which follow, for
- illustrative conditions. Sintering of a hot zone coﬁapdsition is preferably conducted at
25  relatively high tcﬁpératures, e.g. at or slightly above about 1800°C. Sintering typically
will be conducted under pressure, either under a uniaxial press (hot press) or a hot

isostatic press (HIP).



1850C) uni axial press, .in contrast to prior conpositions. 5 Prior hpt izpng,
conposi tions have required two separate sintering procedures, a first warm

‘_ press (e.g. |less-than 1500C such as 1300C), followed by a second high

tenperature sintering (e.g. 1800 or 1850C). The first warm sintering

provi des a "densification of about 65 to 70 %relative to theoretical -
density, and the second higher tenperature sintering provides a final
densification of greater than 99 %relative to 10 theoretical density.
Prior hot zone conpositions have required a density of in excess of 99 %in
order_to provide acceptable electri cal-3roperties. The single high
tenperature sintering of the hot zone conpositions of the invention can -
provide a density of ‘at |east about 95, 96 or 97 %relative to theoretical

15 density. MoneQN&hss Eerenla@@rib@g? folkdithat MR tzofd Edinpaitiche B8 tHeGARQSibhd Ons of
the invention having a density of |ess than. 99 %relative to theoretical .
densi ty ( sache afectivslit de@sified én a singledugloBmperaiirg (¢.g catdenst shout e8¢kerl density)

exhi bit qui cceptable el ectrical_ pr L See, for instance, the
results dgiﬂéﬁ‘i@dmil 5‘??&|‘8"%an§‘%1’$°5?35§8§§.‘§% The igniters of the present
i nvention may be used in_many applications, including gas phase fuel

ignition applications such as furnaces and cooking appliances, baseboard
heater$§, boi | erRriordwtizeeeemprsiiens iaye reqvined fwe sepgoife sinteging pepesdues,ahe

i nvention also can bge enpl qyed .} atterys I systens, e.qg.,a cooking
unit or h ﬁﬁﬁ%ﬁﬁeﬁs&rﬁegs%ﬂﬁb&éﬁ °§%Xﬂ@f§gf§@°‘%¥d§%?§%‘??d§@h as 6, 8,
or 24 V b"%Eth?Erﬁmr@E‘ﬂt&f)ﬁgfﬂe.k.Ol@D oY QB5EAMY. 2he SMSWAAE shitdthgdfosidls £ V system
Igniters of The invention also may be er{gl oyed in other application,

i ncl udi ng deosificaien efsibautfsatoi 19+ etletao theereticabdansity, agfl thg/secemdhighsr one

preferred application,.an ignite f nyention,i t) | I,zed .as an

P rar cq. rampeRan SOl drovios o n Snst RS ShE S Pon@hied S brglie 850" 2. 1

i nfrangd oytdretidal defbityh Paiot BE: Bhe BBMpositicH hase icquied 4 HOBHY 0fin @ReRGFOW
plug, in a nonitoring or -detection device including spectroneter, devices,
and the' |9%% inTinderfto prayiderageensable eleptricalgreneavysl es ‘are il l ustrative of the
i nvention. All 5 docunents nentioned herein are incorporated herein by
reference in their entirety. '

The single high temperature sintering of the hot zone compositions of the
invention can provide a density of at least about 95, 96 or 97 % relative to theoretical
15 density. Moreover, it has been found that such hot zone comimsitions of the invention
baving a density of less than 99 % relative to theoretical density (such as about 95, 96, 97
or 98 % relative to theoreﬁcal density) exhibit quite acceptable electrical properties. See,
for instance, the results detailed in Example 5 which follows.

20 The igniters of the present invention ;nay'be used in many applications, including
gas phase fuel ignition applications such as furnaces and cooking appliances, baseboard
heaters, boilers, and stove tops. As mentioned above, igniters of the invention also can ‘
be employed in battery-powered systems, e.g. a cooking unit or heating unit where
ignition is powered by a battery, such as 6, 8, or 24 A battery, and even lower voltage

25  systems such as sub-6 V system.

Igniters of the invention also may be employed in other application, including for
use as a heating element in a variety of systems. In one preferred application, ao igniter

of the invention is wtilized as an infrared radiation source (i.e. the hot zone provides an

-



EXAMPLE 1 An igniter of the invention was prepared and tested at hi g on AN
vol tages as follows. | -Hat zone and cold Zone conpositions were preg héd 100k
The hot zone conposition 10 conprised 66 parts by volune A1203, 14 parts .
by volume MdSiz, and 20 parts by volunme SiC which were blended in a high
shear m xer. The cold zone conposition conprised about 50.parts. by vol une
A1203, about 30 parts by volume MSi 2, and about 20 parts by volume SiC
whi ch were bl ended in a high shear m xer. ‘The cold zone conposition was

| oaded into a hot press die and the heg§ zone conposition was |oaded on top
of the cold 15 zone conposition in the sane die. That conbination of
conpositions was hot pressed together at 1300C for -1 hour in argon at 3000
psi to forma billet of about 60-70% theqgretical depsity. The billet was

t hen machifree oupat) tigl beating stement suchigs it 2 ArpaceERe 8 P¥E0Migches by 0. 250
I nches. Next, .the til re hot i | , - ed) at 1790C for
1 hour afO5EORBY N t‘."’%if‘\lﬁeg‘(“‘fﬁflﬁs%%l?é) g&éﬁﬁgea%i ggsﬁl\?eqpémkngchi ned to the . =
20 desired hairpin geonetry. The fornmed igniter performed well at 230 V
wi'th good resistivity of about 1.5 ohmcn;4 a ti maqt‘o_i nitiop,tenperature
of about 4 sedhedsliowing nosdiswtag exanmnles ary Ulpstragveql the Jyen (285 V test

voltage being the limt of .the .t | }ef&mgﬁgg)gﬁﬁg ting that
t he igni depumierds geptionedPercsp aﬁiuglﬁo %r%ﬁﬁgb&\%ﬁ agaes and over a@vvi de range
of high line voltage. 25 EXAMPLE 2 A further hot zone conposition was

prepared that contained 67 parts by volunme A1203, 13 parts by vol une
MoSi 2, arEXKAMRiAts by volune Si C which were blended in a high shear

m xer. The sanp cold zone. conposy f i i#8 vhifagls APRIIRL - 22
Exanpl e 1 abo ,‘W?ﬁgeﬂg@n@%%%%goﬁgp%%&%%%gﬁ#?ogs processed, and an
igniter formegy: Rie b csaFBndéctasditions wase tlesared. ELE bot zEn@equhposttionThe

formed igniter exhibited simlar perfornmance resuylt.s a escribed for the
i gni tier ofoniprisew b6 pdrts bhvelume fdeds, A4 PATYDY Y‘ﬁ&?’eﬁﬁé% aﬁﬂﬁ’a&v& Y &Pt i ve at

high nom Sni%I wl\nli%Lt\\?egce glex%]e% in \é%ghash%:dﬁifcﬁ "G cBla 448 r&oﬂnb@:ﬁﬁon comprised
about 50 parts by volume AlOs, about 30 parts by volume MoSis, and about 20 parts by
volume SiC which were blended in a high shear mixer. The cold zone composition was
loaded into a hot press die and the hot zone composition was loaded on top of the cold
15 zone composition in the same die. That combination of compositions was hot pressed
together at 1300°C for 1 bour in argon at 3000 psi to form a billet of about 60-70%
theoretical density. The billet was then machined into tiles that were about 2.0 inches by
2.0 inches by 0.250 inches. Next, the tiles were l?ot isostatically pressed (HIPed) at
1790°C for 1 hour at 30,000 psi. After HIPing, the dense tiles _were machined to the
20 desired hairpin geometry. The fprmcd igniter,pcrformed well at 230 V with good
resistivity of about 1.5 ohm ¢ra, a time to jgnition temperature of about 4 seconds, and
showed stability up to at least 285 V (285 V test voltage being the limit of the test
equipment), thus demonstrating that the igniter was effective at high nominal voltages
and over a wide range of high line voltage. ;
25

EXAMPLE 2 |
A further hot zone composition was prepared that contained 67 parts by

volume AlLO;, 13 parts by volume MoSi,, and 20 parts by volume SiC which were

blended in a high shear mixer. The same cold zone composition was prepared as in



. 5 voltage. EXAWPLE 3 A further hot zone composition. of the inventi&n Nas
- .prepared that contained 66.7 parts by volume A1203, 13.3 parts by0 0*& all
MSi 2, and 20 parts by volume SiC which 10 were blended in a high shear
m xer. The sanme cold zone conposition was prepared as in Exanple 1 above,
- and the hot and cold zone conpositions processed, and -an igniter forned,
by t he sane.procedures as described in Exanple 1: The fornmed igniter
exhibited simlar performance results as described for the igniter of
Exanpl e 1, thus denonstrating that the., gniter was effective at high
nonmi nal voltages and over a wide range ‘6f high line 15 voltage. EXAMPLE 4
A still further hot zone conposition was prepared that contained 66A parts
by volune A1203, 13.6 parts by volume MSi 2, and 20 parts by volunme SiC
whi ch wer &xagple brkongeand the hotdngreokhzame cainpeditionsiroesssasl, and an igniter
conpositi repared as .in EXx l.e 1. above, and, the hot and ¢ql.d zone
conposi ti 3&?’1\,\% (l?gél?}s)s@ﬂl,c pé%’ifdgﬁsia@a%%dllp : le gy%%g’r@ﬁﬁ%{%ﬁ’éﬂw S as .
descri bed sifil@RMdhfatke rddufts hodsseabé Ot tRigrter obEkatples, Eﬂds%nﬁwa%gﬂnc e
results as described for the igniter of Exanple 1, thus denonstrating that
t he i gnit ghatubsignittewss affective dihigh nominalavoliages angayenn widemngaofhigielinange of
hi gh | i_ne ﬁ%gvoltage. EXAMPLE 5 An additional igniter of the invention was
prepargd a8 %st ed at hi gh voltages as follows. -23 Hot zone and cold
zone conpositions were prepared. The hot zone conposition conprised

about-66 parts by volume A1203, about 14 parts by 'volune MSi 2, and about
20 parts HXOMBIFE3ISI C which were blended in a high shear nixer. The cold

by ol unb . NoaLSREbE e BB8ibeich BABL f Bl Trefih e thay ERMRCR RS |
hi gh shearpaiis t§rvolubeAl,00] 3.3 pdits tyovahane MoSh, wed20 paeElY vdlinge i) Ghidhr €SS

die and the hot zone conposition was .
10 were blended in a high shear mixer. The same cold zone composition was prepared as in

Example 1 above, and the hot and cold zone compositions processed, and an igniter

formed, by the same procedures as described in Example 1. The formed igniter exhibited

similar performance results as described for the igniter of Example 1, thus demonstrating

that the igniter was effective at high nominal voltages and over a wide range of high line
15 voltage. '

EXAMPLE 4 .
A still further hot zone composition was prepared that contained 66.4 parts by
_volﬁme Al 04, 13.6 parts by vofume MoSi;, and 20 parts by volume SiC which were
20 blendedina hlgh shear mixer. The same cold zone compositibn was prepared as in
Example 1 above, and the hot and cold zone compositions processed, and an igniter |
formed, by the same procedures as described in Exarople 1. The formed igniter exhibited
similar performance results as described for thcr igniter of Example 1, thus demonstrating
that the igniter was efféctive at high nominal voltages and over a wide range of high line
25  voltage. ' - |

EXAMPLE S : _ _
An additional igniter of the invention was prepared and tested at high voltages as

follows.



. loaded on top of the cold zone conposition in the.sane die. That .
 ~conbination of conpositions was hot pressed togéther at 1800C f or 0p . APRGUHK
~in argon at 3000 psi to form a billet of about 97%theoretical density.'
The billet was then -machined into tiles that 10 were about 2.0 inches by

2-0 inches by 0.250 inches. Those tiles were then directly (i.e., no

H Pi ng) . machined into igniter elenents having hairpin geonetry. The forned
i-gniter “perfornmed well .at 230 V with good resistivity of about 1 ohmcm a
time to ignition tenperature of abod®-5 seconds, and showed stability up
.to at least 285 V (285 V test voltage being the limt of the test

equi pnent), thus denonstrating that the igniter was 15 effective at high
nonm nal vol t ages angwgv%Z@evgoﬁﬁ)oéﬁiﬂﬁﬁw&feﬂi&;gimd.iﬁmhﬂbz@@g@mmLE 6.
Power consunpitdne s of igni'ters of the inventi.on Yﬁr% degedmtned by

' rreﬁ_sg_ri n‘%mgjgirsgggﬁo@%@@‘&s Wdl??gﬂi%ﬂbfé}tﬁm%w?lﬁw ?;&3 nsrstently
exhi bited-greater power . ef figciency. Tel: . OTH o el gniters

havi ng dispdrmdty WQS?@MWB‘%E‘FF%%@ a%@%%héé% I%iﬁ%:gl I y,ba Sll otted igniter
of the invention havin Stemcriipas iAlitnatafut 86 parkary ¥olBmeyvol ume Al 203
about 150%%?‘{55“WWI\§%%%§025and )gbo-ut 20 %&é&s by vol r’gr{r@(& Fggui r ed
bet ween ;25 A § ghdht 30 phrisity ddtGive SIC BBIRRVHE o ma oy Flbnl er of the

i nvert i off havi ng a hot "zone c

ot ONMPOSI t,i > Hot zBnk dobpodRtioAlvds about
13 part scély 240 coreposiiBIvase? W%?ggr%%]e%d% umg Si C_required between

0.5 Ato 0.6 A at v, RidsitioRGR the-sarhe EieANVFHAE comipmationet di f f usi vity
and speciqadgd RRIGP éﬁ‘gﬁg‘)slg\ﬁg%ﬁmde% ermned for igniters of,ihe cingention as
. . . 1 £ i‘ﬁﬁ at 3 0%31
~well as %gglpggiﬁgﬁsewhgﬁnq)ﬁﬁs&dhagﬁﬂmgaé B EiTALH DG Em 2TE08 *eonposi t1 on.
I gniters ~of the invention consisten WAL R rhRneied idenidel thati f f usi vity
and hi gherbikgediabbwg H¥atheoreHeal étycglrlr%grﬁia%gl e igniters having a]é i stinct-
hot zone conp Sit;ir(g{‘mhés% TheidoRkd 990,260 toekesmelThost filesiied thon GRPIRI&r t he
specilfli edVFEAPRT AT U Es Wer'e . hairin geometry. The formed igniter
no HIPing) machined into igniter elements having hairpin ge y o
performed well at 230 V with good resistivity of about 1 ohm cm, 2 “?;t°2;35"‘v ‘t’“ ,
yn es
 temperature of about S seconds, and showed stability up to at least 285V ( R
. ; i igniter was
voltage being the limit of the test equipment), thus demonstrating that the 1gniter wa:

15  effective at high nominal voltages and over a wide range of high line voltage.

EXAMPLE 6

Power consumption levels of igniters of the invention were determined by
asuring current at set voltage. Igniters of the invention consistently exhibited greater
me

. ' - - - . - . 0 ns‘
20  power efficiency relative to comparable igniters having distinct hot zone compositio

Specifically, a slotted igniter of the inveﬁtion having a hot zone composition of 63
parts by volume Al20s, about 15 parts by volume MoSi; and about 20 parts by volume
SiC required between 025 Ato 0.35 A at 120V°

25 . 3
A comparativel slotted igniter of the invention having a hot zone composttion of

77 parts by volume AIN, about 13 parts by volume MoSi, and about 10 parts by volume
SiC required between 0.5 A to 0.6 Aat 120V.

—1 T W ALt
e g g, R T LT " -



measured for a slotted_igniter of the invention.having a hot zone

.conposition of 66.7 parts by volume A1203, abouti 13.3 parts by vglhu%‘ oo
MSi 2 and about 20 'parts by vol une . -
Diffusivity (cnRls) 200.1492 1280.088 152080. 0695 3020. 058 4260. 0472.

5240. 0397 6190. 0343 207170. 0307 8100. 0291 9210. 0256 10020. 0242 11140. 0224
2512280. 0203 13100. 0195 14280. 0182 15130. 0171 1503 0 20.
fol l ow ng thermal

neasured for a conparative slotted igpjter- of the invention having a hot
zone

conposition of 70 parts by volunme AN, about 10 parts by vol une MSi 2
and about 20 parts by volune SiC

10

15

20

25

sic: Tenperatures (C) Thernal

r-25"me
diffusivity values at the specified tenperatures were

e T ST Ay e

#

EXAMPLE 7 | | | .
Thermal diffusivity and specific heat values were determined for igniters of the
invention as well as comparable igniters having & distinct hot zone composition. Igniters

of the invention consistently exhibited lower thermal diffusivity and higher specific heat

than the comparable igniters having a distinct hot zone composition.

The following thermal diffusivity values at the specified temperatures were
measured for a slotted igniter of the invention having a hot zone composition of 66.7

parts by volume Al;0s, about 13.3 parts by volume MoSi; and about 20 parts by volume

ilfx;xperatmcs °C) Thermal Diffusivity (cm?/s)
20 0.1492

128 0.088

208 0.0695

302 | 0.058

426 0.0472

524 0.0397

619 ' 0.0343

77 - : 0.0307

810 0.0291

921 0.0256 H
1002 0.0242

1114 0.0224

1228 ‘ 0.0203 -

1310 0.0195

1428 0.0182

1513 0.0171

20 0.1503



'5 Tenperatures (C) 20 126 204 325 10 416 517. 615 714 818 15 930, s
. 1005 1105 1203 131220 1414 1516 22 Thernal Piffusivity (cme/s) * 04962
0.183 0.147 0.0.117 -0.102 0.0902 0.0812 0.0725 0.0668 0.0593

-25-
The following thermal diffusivity vatues at the specified temperatures were
measured for a comparative slotted igniter of the invention having a hot zone

composition of 70 parts by volume AIN, about 10 parts by volume MoSi; and about 20

parts by volume SiC:
5  Temperatures (°C) Thermal Diffusivity (cm¥s)
T20 0.262
126 ' 0.183
204 0147
325 ‘ 0.0.117
10 416 0.102
517 | 0.0902
615 A 0.0812
714 0.0725
818  0.0668
15 910 | 0.0593
1005 0.0552
1105 0.0549
1203 | 0.0469
1312 0.0425
20 1414 0.041
1516 0.0369
2 - 0274
25 - The invention has been described in detail with reference to particular

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.



0.0552 0.0549 0.0469 0.0425 0.041 0.0369 0.274 25 The inventi 4 n@s1m
been described in detail with reference to particular enbodinents therédﬁ.
However, it will be appreciated that those skilled in the art, upon
consideration of this disclosure, may nmake nodifications and i nprovenents
within the spirit and scope of the i@gention. 0 6 APR 2004 -26 CLAIMS 1. A
sintered ceramc igniter el enent conprising two cold zones with a hot zone
di sposed t herebet ween, the hot ZO“QC? g sing a hot zone conposition that
conprises: (a) an electrically insu atlng material; (b) at |east about 3
vol % of a sem conductive material; and (c) a netalllc conductor havi ng a

resistivity of |ess fhan about 1Q-2 oh mcm . Wwherein at t about 30 vol
% of the'hot ZoNBlEEShEILNS BRtE, F%tecsonH’r’rf’E’cgatiwo ‘EBN&@“‘?Sn‘g zi'tl?(ﬁd‘oﬂﬁterial.

2. The i Qﬁg&ﬁ:ﬂ tﬁéresét@béﬂ lthe/mrzsheﬁc&rhﬁlﬁrrgsryh&tzbﬂac&ﬁﬁ&ﬁﬁ@ th@¥ contjisBot zone
conposi tion consists of ‘metal oxid he igniter of claiml wherein the

nmet al oxi de o(a)tdne:l&w@ucaﬂgmmutabmgmtttrmbn corrprl ses al um num oxi de. 4. The
igniter of claim hot zone conposition
conpri ses one?@ t:lﬁ?\ls,\ga gl Bﬂ?r’i’ge hE%T C(?Edu VF&'?a %lm ride, magnesium
al um num oxi ¢g a&ﬂ@kamclcbﬁ@&u@ nam%wemmeiﬁy ofess Thi: db0i 1t olgh-cad,ai m |
wherein the insulating materi al the hot zone

wherein at least about 30 vol % of the hot zone composition comprises a metal

oxide insulating material.

2. The igniter of claim 1 wherein the insulating material of the hot zone

composition consists of metal oxide.

3. The igniter of claim 1 wherein the metal oxide of the hot zone composition

comprises aluminum oxide.

4, The igniter of claim 1 wherein the metal oxide of the hot zone composition
comprises one or more of aluminum oxide, metal oxynitride, magnesium aluminum

oxide and silicon aluminum oxide.

5. The igniter of claim 1 wherein the insulating material of the hot zone
composition contains one or more materials selected from the group consisting of a

nitride, a rare earth oxide, and a rare earth oxynitride.

6. The igniter of claim 1 wherein the insulating material of the hot zone

composition comprises aluminum nitride.

7. The igniter of claim 1 wherein the semiconductive material of the hot zone

composition comprises silicon carbide.

8. The igniter of claim 1 wherein the metallic conductor of the hot zone

composition is molybdenum, disilicide.



conposition contains one or nore materials selected fromthe group
consisting of a nitride, a rare earth oxide, and a rare earth oxyni i &% 2004
6. The igniter of claiml wherein the insulating nmaterial of the hot zone
conposition conprises alumnumnitride. 7. The igniter of claiml wherein

t he sem conductive material of the hoR7zone conposition conprises silicon
carbide. 8. The igniter of claiml wherein the netallic conductor of the

hot zone conposition is nmolybdenum disilicide. 0 8 APR 2004 -27 9. The
igniter of claim1 further conprising a cold zone conposition that

conpri se®. fr die adoet oﬂ.&airn@lﬂ:’(hhmlcoﬂfpdﬁingla cbhisaona tomposatier that corfiprises 50 vol

% of a sem conducti ve 20 to 70 v % of netalljc.
conduct | VTN 1[0 3900l Vel ppinsuidforgnatenali Mhio S0te) 2 of s FEEoesisg e
i nsul at og, RLer 8'20%%%?9 of AhetdlIREShMidivE Afutd{ar.al um num oxi de, or

m xtures Lhereof; ‘the cold zone sem conductive material conprises silicon
car bi de; and the col d zone conductive material conprises MSi2. 11. The

i it f cl ai .wh t bout 40 (Vfth.ht
conposi ¢ i Cnieal et § oehdie theCrld e hrdot marghl qmiisedi 20"

el ement qunﬁhﬁthrﬂlﬂ‘ld%? %thﬁnﬁ’th oxRRSbr MPAtes Hrao?! th¥a8ld Zohe séificosdiREve

conmposi tion conprises a netal oxide insulating material. 13. The igniter
el ement ofaterizhicomprisgresiivon aarbideasnd dhwaeldsmng glondsasive thaterialt camprises
conposi té{f .conprises a netal oxide insulating material. 14. The igniter
el enent O¥taim 17 wherein at |east about 40 vol %of the hot zone
conposition conprises a netal oxide insulating material. 15. The igniter

el enent of claim 17 wherein at |east about 50 vol % of the hot zone
conposi tildn cdhprignites clemant of cloin dewhersim aitleasy abat 4P vl %o o6 thetht Zogai t er

el enent % (ﬁosaﬁtgﬂg‘o eéws%rgln?e@tom 33;111&9_% grqalvol % of the hot zone

conposi tIrontconpris TG material .

12.  The igniter element of claim 1 wherein at least about 50 vol % of the hot zone

composition comprises a metal oxide insulating material.

13.  The igniter element of claim 1 wherein at least about 60 vol % of the hot zone

composition comprises a metal oxide insulating material.

14.  The igniter element of claim 17 wherein at least about 40 vol % of the hot zone

composition comprises a metal oxide insulating material.

15.  The igniter element of claim 17 wherein at least about 50 vol % of the hot zone

composition comprises a metal oxide insulating material.

16.  The igniter element of claim 17 wherein at least about 60 vol % of the hot zone

composition comprises a metal oxide insulating material.

17. A sintered ceramic element comprising a cold zone and a hot zone, the hot zone
comprising a hot zone composition that comprises a metal oxide in an amount of at least

about 30 vol % of the hot zone composition.



17. A sintered ceramc elenent conprising a cold zone and a hot zone, ;Eﬁl
hot zone conprising a hot zone conposition that conprises a netal oXitgb H0k
an amount of at |east about 30 vol % of the hot zone conposition. 08 APR
2004 -28 18. The igniter of claim 17 wherein the netal oxide conprises

al um num oxi de. 19. The igniter of clLggm 17 wherein the netal oxide
conprises one or nore of alum num oxide, netal oxynitride, magnesi um

al um numgxi d%‘h@@&\itﬂ' bt @81 3 WRe LA he Rdif%xide comprises aluminum oxide.

19.  The igniter of claim 17 wherein the metal oxide comprises one or more of
aluminum oxide, metal oxynitride, magnesium aluminum oxide and silicon aluminum

oxide.



