N

10

15

30

WO 2006/028997 PCT/Q',fi2005!03 4 3'r. TITLE OP 'P1S; INVEPd'1'1GN

hernial Pr ss.inq _,rstEr Having ;1 :. du aors S CROSS REFEREN i TO
RELATED APPLICATIONS ThL a:p icatiou claim™ the henef.t under 35 Tl

e Qe Prop ion: _ Patent. Appli.Cat Oil No. "1)i601,F,81, fi.].ec’

Se ember 2004, the dis oscrc: cf whrchi ,coorap _ _ed by réferdfig@s/o31373
Iherei_n. 10 STATEMENT REGARDING F DERAbLY SPONSORED

RESEARCH OR DEVELOPMENT N /A 1f BACKGROUND OF THE

INVENTION In the _.ss_ng.ofmatefials,such as ¢ ramiec, Cher a". uni

forill_ is often required to achieve un.foﬁrﬁﬁhggﬁﬁg of the product and

minim e opp%?t%iﬁés fordiesftior] bermding ciascrackingof theproduct by

reason of uneven heating. IA system is 20 shown in US Parr_nt

Publication No. féQ,OQ-Q | 73608 Al fUS Patent Application No. i0/ QO.,
Jaig'ned to the%}z ¢ a%%%Eh%béN% the. present applicaten TvRkrein
uﬁiforﬁﬁhéﬁt?gisiﬁ;iﬂ_@ﬁd 43151"5 fijﬁ‘_oﬂﬁlﬁ’s@'g@mi@&e{ ﬁl%Ln@feg, C. 119(e)
cghambs why C,.produce;hi 'p ( )A. Ulfliv.Ua -3 circylation in the furnace
_to achieve a highly un orm cas 25 environme-t and tetperaflire The’ohe  f1led

SSPiore@du { rs calt Also B efplcyets forforeéd sonvection coolingpbdated by

rproducticd hesore or more edsuctcra are oreferabiy as shown in U.S.
Patent No. 5,7 5, 19 h, which also assigned to the a_sianee of the
present it enn o he ednct n s prov" de high volume fi e ces u.r'.' 20
improved térhpYFathr& Limtoraitl andrcoritraliands ean oo tiders @ thermak
ur.formity of abonL 2.5C Curing t%@&%&%le.

N/A

BACKGROUND OF THE INVENTION

In the processing of materials such as ceramics, thermal
uniformity is often required to achieve uniform heating of the
product and to minimize opportunities for distortion, bending or
cracking of the product by reason of uneven heating. A system is
shown in US Patent Publication No. US 2004-0173608 Al (US Patent
Application No. 10/775,542), assigned to the same assignee as the
present application, wherein uniform heating is provided by one or
more eductors in the furnace chamber which produce high volume gas
circulation in the furnace to achieve a highly uniform gas
environment and temperature. The one or more eductors can also be
employed for forced convection cooling of a product. The one or
more eductors are preferably as shown in U.S. Patent No.
5,795,146, which is also aSsigned to the assignee of the present
invention. The eductors provide high volume flow necessary for
improved temperature uniformity and control and can provide a

thermal uniformity of about +3.5°% during the process cycle



(@21

10

bt
8]

20

25

WO 2006/028997 PC'T/US200 /031375 2 SUMMAR" OF THE
INVENTIOI, The present invention provides a thermal processing system
that employs slot educrors in one or more wall or: roof surface or 5 the

W(m@@ﬂ@klgmber. For puro ,es of the present appllcatlor) t_he ]Ig,fm%cbl(%t/u 31375
eductor" means an eductor formed by a slot of any sn,c:cionz~--t shape in

a wall or othnr surface o(. a fu-T!-c, chamber and having a nozzle at one
end of the slot for directing high velocity gas along He slot. For example,

the slot cross section 10 samhe: of ¥ shapeyr [gstangular shape or curved
shape, Alternatively, the eductor slot can he provided by the corner of

joined Wall8 SR8 furnB¥& chatibet: 6 cdf bedprovidedhy directingang system
thigh velosity:stream adang acpertion eftheswalldtselfwithout.any physical . .. ¢
tﬁlé)t.fﬁjglgg%eedgﬁgonr%&[e p%\/jdeglrin Ci)sqgg on _hetgulrnace wails themselves,

there are no constraints on furnace constriction duetd PiaCemane ot fie o» the
LRipe edbetorsd Eductor Banbe provided i the furmace ichamberawhere any cross

Sﬁlﬂe&oﬁgyc@{éﬂ‘@uﬂan@t fitor would not be Ogﬁf%gwllgpr%cﬂgglf \ace chamber
T(ij[n-ll., the invention eliminates the need for added tubes; of other 567 < -
2Bquipme Tih he AUHHAcE 16 provitie the‘eduttor Bructafds. The invertioniss high
V‘péﬂdﬁlﬂarlwmewlimpattchetglsecﬁﬁmawﬁ, espesially those %@l\si?gca;o;s section

relatively tall furnace er wherein_the temperature profile from the
C%?p t(;%e bgt{om%f %ﬁﬁg %%]émberre Cctéﬂnntqeurl;ida ho hé’%%@\%n. The iflEntioh ~ shape.
AEhRHIE6 He ethpldyetl inDB-EORtiIMUGUS type famaces wiherdirba productisner of

j cenveyedetwealy fupnace seetighs orehambers ofa fumnace fo perform .,
dggég%%r;%eq process c /cle. DESCRIPTION OF THE DRAWINGS 3 T, ’ 1
“inventiorrwill be' hidte Tty describ&a ™t e folidiingj~Rawaip: "pé;ciine wall
1+fiohtakenlinwonsgunstion withathesdrawings in 1. hdahidM 2006/028997 ded in
OPEoﬂ”Q§QQQ%$9%;§Q walls themselves, there are no constraints on
furnace construction due to placement of tube type eductors.
Eductors can be provided in the furnace chamber where tube
eductors would not fit or would not be operationally practical.
Thus, the invention eliminates the need for added tubes or other
equipment in the furnace to provide the eductor structures,

The invention is particularly useful in batch type furnaces,
especially those having a relatively tall furnace chamber wherein
the temperature profile from the top to the bottom of the chamber
can tend to be uneven. The invention can alsc be employed in
continuous type furnaces wherein a product is conveved between
furnace sections or chambers of a furnace to perform an intended

process cycle.

DESCRIPTION OF THE DRAWINGS
The invention will be more fully described in the following
detailed description taken in conjunction with the drawings in

which:
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3 F_..;. 1is a cutaway isometric view of one e,nod_ment ol. a. at eduator

a _. rrdirig to ncc: Lnventi_on; F I 1 iE 7 Cttf.aJ c ,.evatann viewofth e e

IG-_edll Cu> On Fig.. . Fil 3 a cu,-away ..Some- -].C view of another

Wbm@y(mm of a.,tot enactolr according to the |nve.nt|on, |nl)&|%]gzr}}()5/ﬂ3mg

_..ometric , ew of a slo . educ'-C)r fosmed as corner: r15 two wa

surfaces; Fig. 5 is an isometric view of an eductor_ forriod along a 10

portianlea%vél?s@rféiéé?lwé@. Fs Teea biockvdiagram ofre:furnace systemor -
sacc:ording-Lo the-inventign: andil. , is, a:sectiopal elevation view of a b

tch furnace chamber in accordance watt, the invention. 15 DETAILED

DESCRIPTIONOP THEINVENTION Refétriry to'thedraiings, there isductor
oéhédwn-in'Figs. 1 and 2 an isometric view and side elevation view,

respegtively, of an. e iment.of a slat eductor. P. slot 10 of rectangular

crqs?%(%{ éeétiéﬁ:rgs %g?r%gﬁ in‘awall 12 of a furhade CHEMBEF. FHE eforrent of
“h3s°a dowhwardly sfesing otkemtand Lrevthat provides a bevel or -,amp

to therwall surface: 2 anthe: lower,partion-ot.the slot. The vupper. end of
~the slot is at}{%e ro fsqgcutlo agighe furnace chambe: at which a g as inle

or nozzle 1(% IS positioned for intro uction of 25 nigh vei city gas downward

along'the lehgtls ofth seoticThe high evelocity: gas Streasy Cayses s along a
pentrainment of gas-fram.the furnace chamber to provide an amplified )

volume of gas which is exhausted near the bottom. of the slot and which

flows'frdm Lhc Iy 6 Ffe éramberoThe I6ngthzard ey Usssectionatiing to
tdimensionsioftheaslat can JI0 be. provi deal to achieve an intended

degree gf (it;ls.amglifi‘catjto.n aril ci_rculat.ion within a furnace chamber of a
articular 1S sectional elevation view of a batch furnace

Chamber in accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION
Referring to the drawings, there is shown in Figs. 1 and 2
an isometric view and side elevation view, respectively, of an
embodiment of & slot eductor. 2 slot 10 of rectangular cross
section is formed in a wall 12 of a furnace chamber. The slot has
a downwardly sloping bottom end 14 that provides a bevel or ramp

to the wall surface 12 at the lower portion of the slot. The upper

end of the slot is at the ro

th

of section of the furnace chamber at
which a gas inlet or nozzle 16 is positioned for introduction of
high velocity gas downward along the length of the slot. The high
velocity gas stream causes entrainment of gas from the furnace
chamber to provide an amplified volume of gas which 1is exhausted
near the bottom of the slot and which flows from the slot into the
chamber. The length and cross sectional dimensions of the slot can
be provided to achieve an intended degree of gas amplification and
circulation within a furnace chamber of a particular

implementation.
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i_in[ lementat i on. WO 2006/028997 Pi'T/'US2005;031375 The slot may

ne of any crro ection;a. shape an ., no-- | innt.ed to t ;e reclanquiar

configuration iii us in the mnodimen of Figs. 1 and 2. The- r :ctanou ar sh

(‘fg{){ l%(r/(l)ié()q}%ively eay fabr tcaticy; by sawing or ut'n__rinto r :(v‘wag ~

ot s the'fiitnace chamber, which are, Lusually of refractory bri€k el 1375

The y"i can be, for example, of ;,hap:,. An ,'ircrnati.ve embodiment of the

sl edurta:_ is showmiy Fige_ereih the slot- 31~ semi. i gulai.- 6ross. ., is not
175%5%(3@. A]ggrna,fwgly t}.,ﬁ;e;fslot could have an arc of other than 180 and

can be of noncircula- shape' 10 The no22le oF R ‘gis intet gari beted  in  the
Arrangedto provideram sincomingrgas streammef any desited eonfiguration. pe i« «

far.enam Lonical jet.can he vided, in another em cdimen+_, the =~
-jet cauf_\%g%e%;sgw%%%aﬁi%géaetg Eaps%we%ve%% gas. The cross-sectionst “2tie of
ti“h%péE ‘OftReassokted slot eductor afdthe shapklof the'gas jeteartbey  brick
nith selected forcompatibility ANy gas switable for the parficllar . -1cerpative
e@i%rgg%iggt such Tgalﬁ,eaig,]ni;grog n, argon, or hydrogen, can be used. The »
slot efuctor.s make Usé of the Coarda &ffetinWhich &' Aigh'velogfs gasthe siot
Istredm téndsto- follovw anradjacent-surfacecalongl 20:whichydtlis flowing.1 ot could
e high yelocity stream creates a low pressure area alone the stream
ki%}%f a%s t%?gnt#gi nog%§ ?ro?r%%ﬁ)e 1§1$am%)rel§in A the stfeal “figrebyta> shape.
ampliffirig thezvelamerof igas? beirg moved. Tl eductor wtilizesithes provide an

energy:of thedncoming:high velocity.gas =0 mave, much larger amounte
of resident furnace 2 ._. chamber gas in the desired direction for the pee.a
Wandtitof Heat tahshSt, BaGShgatrblientgas eeatattrsith shetproduet inet could
ither ehamberlte:enhance=eut-gassingandto delivermeguired:chemistey, 101 shape
C}Fet@lrgdgggo-[tqedgli%] gglg{n%ggéglc?rw Iannt etggag}tl)ae;;eprgg_%?@ gas Jet can be
selected for compatibility. Any gas suitable for the particular
application, such as air, nitrogen, argon, o©or hydrogen, can be
used.

The slot eductors make use of the Coanda effect in which a
high velocity gas stream tends to follow an adjacent surface along
which it is flowing. The high velocity stream creates a low
pressure area along the stream that acts to entrain gas from the
chamber into the stream, thereby amplifying the volume of gas
being moved. The eductor utilizes the energy of the incoming high
velocity gas to move much larger amounts of resident furnace
chamber gas in the desired direction for the benefit of heat
transfer, causing turbulent gas contact with the product in the
chamber to enhance out-gassing and to deliver required chemistry
to the product. The high volume gas flow in the chamber provided
by the eductors also provides uniform heat distribution within the

chamber for uniform heating of the product. The slot eductor is

O
capable of moving at least 10 times, and preferaply at least 20
times, more volume of gas within the chamber than is introduced

into the chamber via the eductor nozzle.
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by the educto also promises 'uniform heat distribution w thin the. 30

chamber for uniform heating of the product, The slot eductor is capable of

moving at least 10 times, and preferably at least 20 Limes, more volume

QF gefHjthap-the chamber than is intros aced lto tti :ham er is the ec e* or

rc _e, WO 2006/028997 147f/US2005/03 i375, ?i eferab _y thE i&AgtSf3137s

the slot is at i.east. 10 (times gteate than he grea_<,t width dimension of

. Slot i¥ efesssectionesJ-assitis sharter ithan:'his:length gen allywill 0 Cimes

0 - . /\ - - - - . 1
o¥ataed Ojailite i a Suldicielttt o, mE et Oct  to be Cf Ce€ LJe, .. Fig. 4
shows a;.. aljtelrnative%z]Z(?-Clan. at é‘?r? ta%do%tglra that"" “¥orhhisd By the 1n cross-

“inet°Cornéa We] -t § 18andb26 of thefur saerofdn chamberis gasienzh 1y i1)
nistpesitioned-a the top;atthe-cemer, and ] treduces a high velgeity

streaupi gf gas g&oquthep-cor_nerﬁ edge and confronting wall poonn”s.TO'

R further embodimént g Iusrateéd i Bl S'RRERSIR aChozzle Bdgctor that is
fpositiondd/at the Cop of edwatbofthe furnace chamberand gauses a:highs .o

c¥elsity gag ream to flow fropy the nozzle along the wall.in a generally.
linear att. in all of the foregoingLe“mggdimtéln?g,%ﬁe %T‘gh‘%’lo&ﬁ? jet catiggs corner

§4s oM HB S cRafisér & beEritrainéd o thé high velocity streanfater cdge
aamptioficasion ofithe gas@and distebution of the amplified gas within the

champer, The atmosphere in the furnace chamber is typical' air, an inert

fur %el el%%;dm\ent ; ; : P ‘

gas such as nitrogen, OF afgon, or & combitiation theresflo 2¢ 5 wherein a
D pgcessihg low tepyerataredofired ceramics (L TE:C) and 0thereeramic £y pace
cREQEGES @Hg f%@ﬁ)g%%e%m)gif%?l %lﬁ.sogoﬁr rQees Slggrgg V\Vdgg metal\? ’ tfh reorr the

atmosphere is typically a combination of hydrogen and hitrogen. For ‘
noz P ¥P A ) ;

S / . 2 = . .

86me putpdses “Sfie Bimbsphere gy e water! witheOr without 11 of the

p
Tothrergas: Asohotednabove, the-one 8h velocity jet causes gas from the
chamber to be entrained into the high wvelocity stream for
amplification of the gas and distribution of the amplified gas
within the chamber.

The atmosphere in the furnace chamber is typically air, an
inert gas such as nitrogen ar argon, or a combination thereof for
processing low temperature cofired ceramics (LTCC) and other
ceramic products and for processing fuel cells. For processing
powder metals, the atmosphere is typically a combination of
hydrogen and nitrogen. For some purposes, the atmosphere may Dbe
water vapor with or without other gas. As noted above, the one or
more slot eductors introduce gas into the furnace chamber and
provide amplification and circulation of the gas to achieve an
intended uniformity of furnace atmosphere and temperature to which

the products or materials being processed are exposed. Temperature
uniformity of about *3.5°C can  be achieved by wuse of the
invention. The one or more eductors can also provide forced
convection cooling of the product.

a

The number of slot eductors and their positioning within a

furnace chamber is et ined t rovi i i
T Y 1s determined to provide an intended gas flow
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25 more slot eductors ode ., gas in,." the furnace chamber and provide

amplification and circulation of the gas to achieve an intended uniformity

of furnace atmosphere and temperature to which the products: or

materials be ng nro ssed are exposed. Temperature; uniformity or about

W8 Y e achieved by use of the 30 1rvent.ion, The. one B¥IH§G#E05/031375

educ Ors can als : provide forcec, col vecti :r cooling o the product. The
rﬁ@m@ﬁr 01@'%;@01&&}(%@@!1% Qeinosi,inlng WA n & fgrqgc)efgt}%mtp:—:er{iperafure
_d :nixed _ provide an Wendedgas flow NW 20961028997 PCH /L
“550051031375" fiteliTthe particular chambernofsrodute acaF falAdeiper of the
Wﬁ)@mga@hﬁﬁﬂﬁﬁﬂm‘iﬁﬂbm‘tﬁelChambEBfOFLM;[liEIQKM1h3&¥M@{]éA/@f‘OQ%QI product
gontained therein and for unifgrm exposure of the product to the gas o

environ?h%nt.eT e Jéﬁﬂ@t%#s mc%'i}g/ebg(glf:l)cégf%rd“|.rrlY ‘8gng)§rt%ﬁ')e‘n§}ﬁ§ pg concert or
Tgperatedinca siitehed: mannet toprovideramsntended gasi floweor intended gas
rairgulation { Fagn, of examplecthe exdl-tars.gn one roe ofafurnace .

chamber may be on while the eductors on ',lire op~00 : ite side of the

SCh&mbeF Aré B AR NIce T8k during Fipedted e§cRé o peration. EQ opposite
sThe inventien canhesembodied in aaasiety of batchstype.eri COMUWONSd cycles
Otypggg{%%g%gystems to suit particular products or materials t.o be

processed and to suit other manufacturing requirements. furnace system

is shoWit in‘@iagrarmftatiesformcin crig 61 Adfurnace chiamber 30fsbatch type or

ceenstrucied se held arguantity of 15 materials %\Hr@d%%'ﬁqgﬁme"g?g\éucts or

“{%]rpcesgfd. A§soci%ted with the furnace chamber is a heating source 32

at may Be of onedr Moretpess .4 GaS supply 3 providéd gas Vi g acturing
rene or enerec edutor5 36 tatshe/furaace ehamberntoiprovide;@@mmatic form in

R ¢osph-re inthe, chamber snitable for processing of thtDargc lar oo or
materials or 20 products. A contro'ler 33 governs the opera |8§%f?h§%aa§t*ty of
mgjsHyals or products to be thermally processed. Associated with

the furnace chamber is a heating source 32 that may be of one or
more types. A gas supply 34 provides gas via the one or more
eductors 36 to the furnace chamber to provide an atmbsphere in the
chamber suitable for processing of the particular materials or
products. A controller 38 governs the operation of the gas supply
and the heating source and is typically a microcontroller or
computer.

The heating source can employ convection heaters, radiation
heaters, or microwave heaters or combinations thereof. Microwave
heating can suitably be employed for debinding and sintering
applications. If microwave heating and non-microwave heating are
employed, the non-microwave source must be compatible to avoid
unwanted microwave reflections or absorption in the furnace
chamber. Typically microwave heating can be employed with
convection heating in the same chamber. If radiation heating is to

be employed, the radiant heaters must usually be in a

I~

“urnace

I

chamber separate from the chamber heated by microwave energy since
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and the heating source and is trypically a mice-ocontrolle_ or computer.
The heating source can employ convection heaters, radiation heaters, or
microwave heaters or combinations thereof. Microwave 25 heating oak
SRy h.employed for debinaing and sintering applications. |f v
microwave heating and non-microwave heating are employetf; tHe2005/631375
non-microwave source must be compatible to avoid unwanted microwave
t refleetions oratysarptiomin:the-furnace shamber: Typically,microwave ., ...
mBeating can he employed with 30 epoarg)/gction hea_inc in the same ) o

)

chamber. If radial on he-- tine is to emp?orﬁgé;tﬁvtﬁ«e_radiant heaters musm

,,,,,,

usually e "©a'uridce CHaimber sépara?e trotl theichamben heated-by 35 qur s ng
- microwavesmerge-elce WQ:2006/028997, RC17152005M3137:C_7.one -
syl fadiant heaters £|IlrEn ngde of con carbide or ozhe a eri.aiwhich _s a

microwave absorptive Ti-S Heating ¥ourde' W ifcoifo Raedqiebn ror cproduct s
t BBl thetheatingzcycle to-provide amintended: thermal.prafile;and.z. 110y
aSpreyideyniform yolumetric heating of the materials or products_throll

mb{out ( th h_gat;ng ‘cycle.yTrj_e heatjﬁg s_oﬁfé‘é“ Eaggﬁ &fmoélj ‘Wb ~t_ﬂﬁ9 therticular

Précesst i & X Htahc Wil EL-RE artieaiat maténialonp uctbdngposition of
t peocessediiacluging th castasitionofthe.material and shape or mass. 10

A hatgh g)térp\%ge ﬁcgalgg}t%%r ighsar}\%vgg in cross section in‘ Flg for coqtain_ing a
_quantity of materials to be procesded: Tha" fifhate corfiprsesathousing Fig. 7
“ AT efitlosigiinsulatire materiab42 than sutroungdssthe furnace ghamber.y e
fdhnltcIMagg, rises & housing 40 enclosing insulative material 47
that surrounds the furnace chamber 44. A furnace hearth 46
supports a quantity of materials 48, to be processed. The hearth
can be mounted on a movable assembly (not shown) which can be
moved upward into the chamber and lowered downward to a position
in which the hearth and the product contained on the hearth is
outside of the furnace chamber for loading and unloading of the
product. An elevator mechanism {(not shown) is employed to move the
hearth between upper and lower positions. The elevator mechanism
may include one or more lead screws or other mechanisms known in
the art. Electrical heaters 50 are disposed on each side of the
chamber and are each suspended from a mounting 52 retained in the
roof section of the chamber. {Only one side is illustrated in Fig.
7.) Terminals 54 are connectable to =& sultable electrical power
source. The number and configuration of the heaters can vary to
sult the intended heating requirements.

Slot  eductors 56 are disposed in each sidewall of the
furnace. (Only one side is illustrated in Fig. 7.) A plurality of
eductors are disposed along each side of the furnace, each eductor
on one side being generally in line with an eductor on the
opposite side. Bach of the eductors is fed with gas from a gas

source and which is provided to a gas jet or nozzl

[
[

[¢a)
o

disposed in
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hearth 46 supports a quantity of materials 43', to be processed. The
hear-01 L can be mounted on a movable assembly not shown) which can
be moved upward into the chamber and lowered downward to a position

in which the hearth and the product contained on the hearth is outside of
the it éhamber for Loading and unloading of the p cduBEBNS2005/631375
elevator mechanism (not howr? Is er?‘wployed to move: the 20 hearth

abetween Upper anddower Positions. T he elevator meghanism. may, top end of
tiﬂﬁ?'uggﬁﬂe or more lea screws or other mechanisms known in the art. =~ )

Electrical heaters 50 afé disposed 6h edch &ide’of tHe® chitfibersand are of the
fezgoh suspemdedfrom a mounting 52 retained in the roof. section of the

chambgr, (Onkside 5. LS, 12 ¢, 7,006, I Fig, 25 Terminals 24

are connectable to a suitable electrical power source. The numb&rang’ *© from
SEEnfiglration’of tHe hedtersean vary t6'suit the intepded heatingeductor 60 is

cregititersents. inot educatorsi56 are disposed-in each sidewa Wofthe . U
nah%.o(pn% one side is liluscrated in Fig. 7) A plurality of 30 eductors -

“disposed aloneeadhsids of the furdats: u=~P edsctsit OF: Grie sigeyr in U.S.
Pating geherally iline withsarirdoctor-On tncopposite side Eagh thene  present

18duclolsis g i f1.035, fiom a.0as spulgs and (Spr)sided 0, agasiet

n_- nozzle 58 dI AV O 2006/02W)9,' PCI7 U S20t5/03 ' 37173 &h-pr G- <" »Y
T e TST sed" 0 P Of the BhaMBEEaR HHE t63 apdcofi.dene Blectop!SiOhe hearth
pWthl’drS at or pean N ok ith, @flﬂ@u@%f-m chamber tine,or mare.; 4. of the
f%@xexglcrédsck?%(}t%%%twguggéh%t?ggl—s[’i%’glrgrfr~me chamber. The eductors 60
Operate in concert with the slot eductors 56 to provide
recirculation of the gas within the chamber to achieve intended
uniformity of temperature and gas exposure to the product.

As noted above, the high velocity gas flow from the eductors
causes entrainment of gas in the furnace chamber into the gas
stream and amplification and circulation of the gas. Ratios of the
volume of entrained gas with respect to the volume of injected gas
of up to 50:1 can be achieved. Preferably, a ratio of at least
10:1 and more preferably at least 20:1 is achieved for good
furnace operation.

In one embodiment, the eductors can Dbe cperated in
complementary manner such that for one time interval the eductors
on one side of the furnace chamber are on, while the eductors on
the opposite side of the chamber are off. For the next time
interval, the operation of the eductors is reversed such that the
formally off eductors are on, while the formerly on eductors are
off. The alternating operation of the eductors provides further
uniformity of the atmosphere within the chamber by reason of the
alternating circulatory flow paths. In the off mode, the nozzles

to the slot eductors are not completely shut off, but

provide a

small amount of gas flow, typically about 5% of full flow, to cool
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5 one side of the chamber to the other side. An. educe or 60 i:= Dosed in

the sside wall adja ent each end of to -errng X17. she -actor is prefer bey

tube tyre eductor as ;sown in O.S. Patent 795, 196, assigned to the

assignesQfthe cresen’_. invention and the disclosure of which is

incorporated herein by 10 reference, The one or more openifi§d/472005/031375

provided through the hearth provide a. circulation path through the hearth
tfrompene side-ofdthe farnacechamberz ¢ the gther gig,e qygpgjghaerg_beg: he high
ophe eductor.s gqnloéptegqtqcor%]cer} wish the slot eductors 56 to provide ~— - e

recirculation o t)H’e'gasl‘,ﬁHinOt' e chambertodchigve intendddifiSair or other
“Unifermity of tenperaturerandrgas exposure ta-thesproduatnAsnoted: e 10wz o
a abewe; the high velocity gas flow from the eductors causes entrainment of

gas i{l]rthe furnace chamber into the gas stream and amplification and

circulation Sf1RE'gdS Rtits ofthe” voltime efertrained gas with sespect forced
cto the volume of injeg edgasi20 ef-upite 504, can be achieved. Ptrgiergkg)l& doun

[

p&-fatig of at least 10:1 and more preferably at least 20:_is achieved for |
good fur<ﬁace opé}eéﬂ%ﬁi"ln one embodiméfit thE B tor§ ®an bee  eductors is
©gberatedin Fomplementaryomannersuch:ithatfor ere time internval e rces o

a@01_60&@"5&1@mﬁ@%lig@cpfltggécu[ﬁa%%gmé e({far ,on, while the eoucto_s
on t E@opposi easri‘de»of the chamber arg%)ff. Fo??ﬁ}'e Iﬁié%? fime erval, toe
operation of tRE Tductdrs isTevaresl etieh thar _ triddormally off eductorsturnace
chgyelen, while the formierdyion edy r @vrscare Gff. Ih@@k@g@atlggsopﬂ%pnpa tern

wiofithe eductars provides fu:t.er 30 sn,_rormi . of the atl- sphere within the
chamber be reason of the gﬁésﬁaetiﬁ&?iirguggm?\}ﬂ%wtﬁﬁ‘@%?ﬁﬁﬁ"éfoﬁmf ormity

lolel fird Rodsiese 1Y #i@ skt div. tBhare not comply elyi hoteffredtd :r Fig. 7

isprovideraasmali amaeunt of gas flow, typically ahout by of fill flow, -.. cool
_.1,0,2006/028997 PCTAM2005/03137, 1, gas nozzle to avoid - 14 rage” =" ©¢
lnﬂﬂ;%ﬁhe%ﬁ&?S of batch furnaces such as those having a

0] ;Ol%ee gas
fizxed hearth. For some embodiments it 1s not necessary to have
eductors 60 as shown in Flg. 7, as the gas flow can be provided
solely by the slot eductors in the furnace walls.

The materials or products to be processed are retained in =a
suitable support assembly. One typical form of support is a tray
having multiple compartments for respective items to be processed;
the trays being stackable, one on top of the other, such that a
relatively large quantity of items can Dbe processed at a single
time within the furnace chamber. The support assembly can beyof
other types such as a suitably configured rack for holding
particular products or items to bhe processed. For some purposes it
is useful to sandwich the product between upper and lower plates
or other supports to prevent distortion of the product during the
heating cycle. The product holders are made of a refractory
material capable of withstanding the operating temperatures of the
furnace. *

The invention can alsc be embodied in a continuous thermal

0 esg e b 3 } ~ - y
process and system. In such a system a product is conveyed along a
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15

op-ynting ter. aratores of a lurr e and tc avoid ni -r or other il ami.~anls nt
e;rinc tao furnace am~~r>..r th ou; tl he i nozzle assembly. The .doctors
can also be employed to r,".?ride forced convect ion coc'inc of the product
ﬁQ cp()a§ déj‘)(ing the cool dour 'rlo tion oi- a t rma. cycle. _ he u as now flow
& AT C-.Grs con rod. led in conjunc-i.on with control of sHEHHAYP/031375
sources no achieve an intended rate of cooling of the product. 10 The.
£number andapangement efgawtarsn the fudac chamberisdetemmined, . 4.
o E)rotvjd% an inte;ntd,ed gas flow #ﬁttern within the Chamber co achieve
the requisite temperattré 1™, foimi 5y "Bhd tRiferi g&d envirsiméab Thefor the
Parrangehentiliustrateddn Fig.t és-exemplaryJoronestypef bateh furnaceducrors
eipventi plo in.other types of batch furnaces such
ng c%%s%%&g&r%ge %Qﬁxgg %g}a%thﬁl:g()rr}sglfﬁ? (é%!nbcc?\ ients it isSnJOIPJ“?dJ“ ranner as
AfaEEsES tGRAVE elUCtEEBT Hs shovAdnFighda asthe gas flowpan besd  gas
vprevidedose-eh,r by the slot.educts_rsin tg@sfyrB@Cgﬂadlxlﬁ;[J emater a5 length
o9 X,-cayc to be proce sed arc rata d in 20 suitable support assem’bly. )
oNne typicarfonm of SUPPoTt isa't Ppray ha¥iriy ATtipRe CoribaF frientd forchamber
afespective itemsite dre precessedtherigays beingestackable-ere an top,offurnace

agﬁ%gm@res%g t@@&glgr QQK%Q{ l%getq%%arggxaoj o alil Caneba?r the front end

. . t 37
processed at a si.*. , ime within the furnace chamber. The support
©hséentbly&4f be of 25 other LyCes such as a a,, b-, 0, _ia'ared rac:2 for

7cidmrrear_neuartpreducts or #ems o pragessed, KA S0me PUPAseS US s peen

usefu- to sapdwigh the rgdgct betvy)een ugf)ger and lower plates
particularly shown an escribed. e 1lnvention can be embodied in
batch and continuous type furnaces of various constructions and in
single and multi zone furnaces. The invention can also be utilized
with a variety of conveyer mechanisms to move products into and
out of the furnace or to convey products between furnace sections
or zones. It 1s therefore intended that the invention should

comprehend the full spirit and scope of the appended claims.
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or other supports to prevent distortion of the product during the heatin|g
cycle. The p-oduot holders are made of E refractory 30r.ier:,a'"_.
capable of wi.'_and -, ,-.h.. )3 iera’Ir?fj te:[tpJr d"-1-1 L'-i Of -Cl e urnace

_hi_vention can :lac be embodied in a continuous Ihermal p .ess and LLOYD Wisk

system.. In :ucr a ,:step "a prod i _ in,cyed along ~. 1NO 2000/028997

PC'F/OS2 005103 13 75 10 Furnam ber which tyacaily can have
multiple zones to provide an inten ing and cool down cycle which

Vighstitahitenfed the particular product or material being processed. The Act

educt.crs can be configured within the furnace chamber in similar manner
as 5 described above to provlde uniform heating and amplified gas

lvoluma. s@stemfondr&mdﬂytpreoea&ir@smaﬁeiahmnggﬂia’@g the length of
the furnﬁce ch%mber tO 1‘181 gljr%?ét} \I/‘\(I)Ig)an tg]el’?ehgl‘mb(%‘% %%psg athga

furnace Veng(fﬁ SUC S tO nsur

urnace atmospnere Is e1ng

fm@h@dh@ﬂhawﬁau@ame@hm&ﬁgjnt end 10 of a furnace. The

mvent% tdg)serglmlite&ilsté\é Q%t en %artlal IH@rlygsét;cr)]v{\D/ RSBPH the

b
descri e Invention ¢ eembodlecf1 ba us'type

nfamme@diwﬁwmlbopmmemhs and in single ana multi zone furnaces.

The ”M?éﬁtﬂ%%%@é% Q&Hyé%%gtﬁ g'}ﬁ‘a"{’ek‘ ?flél Y /LS Fhamber; and

mechanis O move roducts Into and outo e furnace OI’ to COHVGS/
produgtdcbetwessl dtipdactosditioned QrazonBorisoofrrmdioecofiiantiedacha

cmmegﬂwge oL FATRER theﬁﬁmltﬁ%&m SRR iR ARRANAS in

claims. 11 CLAIMS What is claimed

communication with a gas supply, the slot eductor comprising:

2.

a slot disposed in the wall or roof surface of the furnace chamber, the slot
elongated from an inlet end to an outlet end, and

a gas inlet disposed at the inlet end of the slot in communication with the
gas supply and arranged to direct inlet gas along the slot and to provide a high
velocity gas flow along the slot,

the inlet end of the slot open to the furnace chamber to entrain gas in the
furnace chamber into the gas flow along the slot, and the outlet end of the slot
open to the furnace chamber to exhaust gas into the furnace chamber, to provide

high volume circulation of gas within the furnace chamber.

The system of claim 1, wherein the slot is disposed in the wall of the furnace

chamber and extends from the roof of the furnace chamber downwardly, and the gas

inlet is disposed at the top of the slot to provide high velocity gas along the slot to

entrain gas in the furnace chamber to provide high volume circulation of gas within the

furnace chamber.

3.

4.

The system of claim 1, wherein the gas inlet provides a conical jet of gas.

The system of claim 1, wherein the gas inlet provides a sheet of gas.



10

15

20

25

30

1. A system for thermally processing materials comprising: 5 a furnace

housing comprising a bottom, a roof and one or more walls, and a LLOYD WISE

furnace chamber within the furnace housing; a support assembly

disposable in the furnace chamber for supporting the materials to be

thermally processed; a. heating source%peratlve to heat the materials in

the furnace chambher; ,? ?latl tone slot duc%}C di% d.in a wall

Sor rool RAALE B I ria SRR er 04 PR €t it GRS\ tRie
e fusrnace chasmibetioting dloteadisatof the skmmunication with a gas

supply, the slot eductor comprising: a slot disposed in the wall or roof

surface of the furnace chamber, the slot elongated from an inlet end to an
6outlet Brdsyatonl&f algas inlezﬂadisho&ecb]at the inteb endcetithelstontiguration that

cgmmunlccatl {Vthctlhce11 aSuSrl‘J/ 1&)I)b(t N %ngedrtgd rectfjnlet gas along

"Yhe Siot and to proind Ocnry fiow a?ongst &&f6t, the inlet end

of the slot open to the furnace chamber to entrain gas in the furnace
cham%r I% th%%@%% QVY %% ge h%h%lgf(’) ac%%hgsoy telrectoend t\t\]fgeg xgvozxgvalls of
open fo the furnace chamber to exhaust gas into the furnace ¢ham %
thsr bwinkeenibinviedume circulation of gas within the furnace chamber. 2. The
system of claim 1, wherein the slot is disposed in the wall of the furnace
chamber and extends from the roof of the furnace chamber downwardly,
8and thehgazstes infetisndibpostsatamgismghthbisibtto Dsbviddubigts.
velocity gas along the slot to entrain gas in the furnace chamber to
provide high volume circulation of gas within the furnace chamber. 3. The
Isysterhhsfssteirm Diwhérein thehsasiniptipneidelieionidal jeedagass 0gdirst and

sé'eom%a@meffﬁh%elch%%@rb Sag %t&rﬁxr%? ifsg ALEPE: the

D W1 E--: 12 5. The system of claim whereln as a
fll'é‘ﬁ@‘h@taréh@t 10 times greater than a Iargest Cross- sectlonal dimension
of the slot. 6. The system of claim 1, wherein the slot has a cross-
sectional configuration that 5 is square, rectangular, circular, curved,

18traigihsispsters rof cdmiap Sdfurthen sasyptisingf dearthl ahiRbiy feoBRIENgS
cCRMPAS RSP IRY REMEEBANRNANS 9f the furnace chamber to the other side of

the furnace chamber; and
wherein the plurality of slot eductors on first and second sides of the furnace
chamber are arranged in pairs, each pair of slot eductors aligned on respective sides of

the furnace chamber with a respective opening through the hearth.

11.  The system of claim 10, further comprising a plurality of tubular eductors each
disposed in a respective sidewall opening of the furnace housing and confronting a

respective opening through the hearth.

12. The system of claim 11, wherein the tubular eductors each includes a tubular
body having a nozzle in communication with a gas supply and providing high velocity
gas into the furnace chamber and disposed to entrain gas in the furnace chamber to

provide high volume circulation of gas within the furnace chamber.

13. The system of claim 1, further comprising a controller operative to control the
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the furnace chamber. 10 8. The system of claim 1, further comprising a
plurality of slot eductors. 9. The system of claim 1, further comprising a o
plurality of slot eductors on first and second sides of the furnace chamber-LOYD WISE
for providing a uniform gas atmospherf in the furnace chamber. 15 10.
The system of claim 9, further compris r%g a hearth, a plurality of openings
aextendinq ttt}(ou h tpe hearth from one side of the furnace chamber to the
EBter &ide ot e firhace chamber; and wherein the plurality of slot
eductors on first and second sides of the furnace 20 chamber are
rranged in pairs, each pair.of slot eductors aligned on respective sides of
e fu e Chaes i 2t DR SEue Soak A TRUSISR TR RaLr ol he
hFHmgypstent 6f plavideGufimtbededatrmnisingr efitudatityeof hebttey adlictors
each disposed in a respective sidewall opening of the furnace housing

and confronting a 25 respective opening through the hearth. 12. The
18ysterhhsfsolstiern 1f olviveréih wieteibuler eairsides isagieirttiadesentuiular gas

RAIYMARYING: 3 R4l in communication with a gas supply and providing
high velocity gas into the furnace chamber and disposed to entrain gas in

the furnace chamber to 30 provide high volume circulation of gaswithin the

1BIrnacg,chambeT A3, The %&ﬁ&%&mﬁg'ﬁ@e%ummeerrg%m%%g?ﬁ%me forced

controller dperative to control the LLOYi7 "NNL 13 gas sup

cep RGP EQ0TRE of the matarrd g amordomprishgradontebller
operative to control the heating source to provide an intended thermal
profile during a heating cycle. 5 15. The system of claim 14, wherein the

1dontrolies sydparafivtatd doinediding ghtcasbanefsinbesivtiet ontereh skleTrghe
rYSle IR WREAEN: heRIoh SC iR AL ORESHINELR RIQY R ulation of

forced 10 convection cooling of the materials during a portion of a thermal
gayépethe Thembesand nsfosainsatingcifihpgnatedakst one slot eductor on
each side of the furnace chamber and operative in alternating manner to

rovide uniform circulation of gas in the chamber and uniform heating of
g,e mAaksisigiem of claim 1, wherein the heating source includes one or more

electrically energized heaters disposed in the furnace chamber.

19.  The system of claim 1, wherein the heating source includes one or more

microwave heaters disposed in the furnace chamber.

20.  The system of claim 1, wherein the furnace chamber is in a batch furnace

operative to have materials loaded therein for processing and unloaded after processing.

21.  The system of claim 1, wherein the furnace chamber is in a continuous furnace

operative to have materials conveyed therethrough during a processing cycle.

22.  The system of claim 1, wherein the support assembly includes an elevator hearth
moveable between a lower position for loading and unloading of materials to be
thermally processed, and an upper position for disposing the materials in the furnace

chamber.



15 18. The system of claim 1, wherein the heating source includes one or

more electrically energized heaters disposed in the furnace chamber. 19. LLCYD WISE
The system of claim 1, wherein the heating source includes one or more

20 microwave heaters disposed in thef rnace chamber. 20. The system

of claim 1, wherein the furnace chamb is in a batch furnace operative to

ave aterials lo d. ther for ing and unloaded after
e L S i S e O Bl KRB A it e vl
oiistlm ﬁlumwmhauﬁoﬁnmaeedmgefranvélwm matﬁfralmso]mmyeddownwardly,

oJeSl s duing.e pIOGeSSIng avcle, A% ThHe VRIS O Ay brovide high

whergin th esupp assem yinclu dﬁeg NS IACA CRR RSN
vbl@mte@aaalkmgrt}msmumf@rf kbadint anchimloading oferfatesicds habbeado

P S R O B i .

wherein the slot eductor comprises a portion of the wall of the furnace
chamber extending from the roof of the furnace chamber downwardly,
and a gas nozzle disposed at the top of the portion of the wall in the roof
to provide high velocity gas along the portion of the wall to entrain gas in
the furnace chamber to 5 provide high volume circulation of gas within the
furnace chamber.



