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TI TLE OF THE | NVENTI ON Thermal Processing System

Havi ng Sl ot Eductors CROSS REFERENCE TO RELATED
WARHc1063491 ONS Thi s application cl ai nms the beneb¢T/usTds031375

35 U.S.C. 119 (e) of U S. Provisional Patent

Application No. 60/607,681, filed Septenber 7 , 2004,

the disclosure of which is incorporated by reference

herei n. STATEMENT I F ONSCRED
RESEARCH OR DEVELOEE@ﬁﬁENyg I THE

| NVENTI @Nelriallh@ rBEes 8884 NGy f erifBiBFird) S1BHCHd@Stors
ceramcs, thermal uniformty is often required to

achi eve uni form heating of the product and to mnim ze

oppor tuni t i@%osfé’rmdéﬁ%a%dé ey RE%&%BQA??L%&&P%@@ of
t he product by reason of uneven heati ng. systemis
sh@inis napisl Retteivin Pulbdincat tha NeneliSt2@04le@1 78608. A €. 119 (e)

( Pat ent Applicatio . 10/ 775,542), assigne 0 .
of { HoSsanBrHESEbHeEL nd TRty BBBAL SRR PP oAl on BUlSeiog1,  filed
Septinfgirm heationd , i st ovli dedoBYrone or vADEe e@UCiESrpdrated by

the furnace chanber which produce high volunme gas
refgrneng@catied®inn the furnace to achieve a highly uniform

gas environnment and tenperature. The one or nore

eductors can al so be enpl oyed for forced convection

cool | 9 TADEMENDrREGARDINEh & EORRAGLYNMSPONBORED ORBSEARCH OR

preferably as shown in U No. 5, 795, 146,
whi ch is al so assi gned té%pﬁg%égg&anee of the present

i nvention. The eductors proviygg high volune fl ow
necessary for inproved tenperature uniformty and
control and can provide a thermal uniformty of about

3. 50C during th%ﬁm]}cb%l %H%U%%E%NTHE

I NVENTI ON The present 1 nvention provi a thermal
pr doesshag mysteeyning 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 chambér 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
enmployed 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°C during the process cycle.
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that enploys slot eductors in one or nore wall or roof

surfaces of the furnace chanber. For purposes of the
w@r@sersoappl i cation the term"sl ot eductor” nPEeMESENS/031375

eductor formed by a slot of2any cross sectional shape

in a wall or other surface of a furnace chanber and

havi ng a nozzle at one end of the slot for directing

hi gh vel ocity gas h . l e, the

sl ot cross sectiongbgﬂgﬁt @?Sbﬁéﬁgggﬁﬂﬁggpgngular

shapr opr&svedi shapeion bebratibyelyy, thdienLdustoteSsPlg system
can be provided by the corner of joined walls of the

thatyempdeveharbér cIBFterR bR PROVTISPIR Willeot agof surfaces of
[ g“i \. oCi e | rtko f | . '
the'htse r}aeé"a t#‘gu éarﬁfy D;IJ?S?{E%@SS oté.;fAghghgkggﬁ}g?o%gpé%%atlon the

tenor S\silded eidrcabrdnmehesf an nadectwat | onreeirdesl \ves lotheifeany cross
are n c%nst rajnts on Eur nace . constructi on%fgue

Seqfiigbéet B tibe?t YhéledbctINEr ERICESSs ¥an®b Srnace chamber

andr @Yy fegl hn e feurpacenehameromhene tube efbict @i Secting high
woul d not fit or would not be operationally practical. .
velpRidy t9% i M@t i e el o nafes erampbed the &ddedcross section

carf UbgS Or, ot hgﬂsﬁgfgéPnerPeét%n §aLUr NAEE,L O BFcOViﬂ?rJébe shape.

eductor structures. The i nvention is particularly
Al tesrefadli vied yhattdle tethetforr rdees,caespeci @t dwyiddwsey have ngorner of

., .a relativyel all. furnace chanber. wherein the ,
Josheratire B ofifi%e. FHoREChe CHTRI 1 neThobTom dF mfevided by

diabey gsamilg@ndvéDoder YNaYeBam  NEl diyy €At ik iGiadh ab80 the wall
~ be enpl oyed in continuous type furnaces wherein a . _
it ggldd ot hiogi tc give by sBeavde 8a ot ur Agc&hseedugihorsr are provided in

C S ur t r.f an.j.nte 0 :
or CHTTRRE S kP YRGS BRI RL  BEpraineo on
fuaoeor eohatkyctdéesor ided itn thkeadahdrow of detlael ed/pe eductors.
description taken in, junction wiith the drawings i

0 n
EdWﬂﬂQﬂi Ficg" 15¢s %?%%P% y %o £ri EUEPRGE of “RAP where tube
edBMRAA P10 Tndt fit or would not be operationally practical.

Thus, the invention eliminates the need for added tubes or other
eguipment 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 also be employed in
continuous type furnaces wherein a product is conveyed 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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sl ot eductor according to the invention; Fig. 2is a

cutaway side elevation view of the slot eductor of
wo2@6/018997 Fig. 3 is a cutaway isonetric view OPCBHDSI00&£031375

enbodi ment of a slot educto¥ according to the

invention; Fig. 4 is an isonetric view of a sl ot

edLE:itCDr ¥ drsmed catt awagorsemedtitwoieml of sond amemdifient of a
sl_%: d s%ﬁ%}rlg Vi E g% an eductor forned along a

ofilon 3t S SRECH"SurPa EPYSRBI9% a bl ock di agram

of Bidurnace =sysitemaidceaudi Bfet@tibe vIvMendf e ANt eductor
i 7 is a sectional elevation view of a batch

Off%%ﬁaéé chanber in accordance with the invention.

EAid‘ El% QI%?QRIJ’ -EI sgﬁ'gt EW EW%‘Q% Begzr%‘{ AW é‘nﬁ)otcﬂ?nent of

dr awm ngs, ere 1s own I n an 1sonmetri
a s&qﬂNGdutunnnaadoedahgonovtha/1mesm@n¢m~ely of an

di t. of | ot ,educt 10 t
OO SRt S SPOAEAS KR AT = 12160 YT maETRed 2t 2

coﬁﬂgﬁﬂ&ﬁ.thNWaaUO@uhqgc@sqomnmardIy sloplng bottom end
14 that provides a bevel or ranp to the wall surface

12 B9+ iWer 1SOMEtEA ColVieneos| af . edpet e plrrnath agfong a
pog&ﬁﬁiCQ%EJ%mﬁﬁ %ﬁ%fa%%f section of the furnace chanber

a gas inlet or nozzle 16 is positioned for
i ntFiogucd iien aofb lwicgh dieboemt pf gast domawar sy st e@ngddverding to
| ength .of the slot. The high velocity gas stream
the SN &Y aidPent of gas fromthe furnace chanber to

prowigle an ampldddradnual enevat i gasy i cbf i1 5 wxdhatsthigthace
near the bottomof the slot and which flows fromthe

chaiRar jift QaeedegRarbyi thThBe| éRBERt BORI- cr oss secti onal
di mensi ons of the slot can be provided to achi eve an
i nt ended degree of gas anplification and
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 a slot eductor. A 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 roof 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 is 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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circulation within a furnace chanber of a particul ar

i npl emrentation . The sl ot may be of any cross-sectional
wabape2srt is not limted to the rectangul ar PCT/US2005/031375

configuration illustrated i the enbodi nent of Figs. 1

and 2 . The rectangul ar shape permts relatively easy

falﬂ?hecatSiLQh knyaysalw'engbforauuttdnm@si-megttihea\}valsfsapn‘ ahd 1is not

eSSt b Le USRLLY Ol IS AR i ene

embajdlarermtlw epbgdi ment 0fd t he sk eﬂé@ﬁ&{guﬁﬁh%\mpen permits
Fig. 3 wherein the slot 11 is of semcircul ar
rel@rtdé@léfe@ta.sanfamﬁéﬁha?nv%ww%@%m QORI hdpécafshe walls of

thel G @ Qher h%ﬁ@@rlsowﬁﬂghcagr@e lgguﬂqrﬂp' rcff“' Tef%%@@éry brick

The nozzle or feed gas inlet can be arranged t
maqﬁrra\alde Tave isdodncay bas é@reamrmlanwﬁjéélsmxpe An alternative

eGP 211 A naREr © ARBBGF rohiS b YLt idoul HheTein the slot

11 rleg:tcamgsérmciﬁ:@ra&atcﬁcoaasc&%e&l@h gastefhetively the slot could
cross-sectional shape of the associated sl ot eductor

haWﬁu$nIa;cs@ép@tberthbaga$8@%nandawamebsebéchUCﬁocular'shape-
at|b|I|t

it, f th t _
C ATt sehntaddapms iAtFbgein Wodiiaided o provide an

ind@ﬁdﬁ@ﬁ sCéﬂkéﬁﬁluﬁﬁdan§h§e§i@édeaéﬁf9@§r£EH%%1USEo@fexample, a
t he Cbanda effect in which a high velocity gas stream

conigidds &5 AN BF &F ¥did&CentlNs @PaderaeBRgIMARER, | thpsjet could
be fﬂe@@a@l%ulyfe tB' g?e}:’l@gog' L¥est r@?@é:sr eafiRs cf’cds%wsectlonal shape

pressure area along the streamthat acts to entra

of gés fasemctiléechaibér edntbort hm@ttlwmhmmy:he gas jet can be
anplifying the volu RS bei ng move educt or

s A, AP h e OBRER B ¥ 1o o G ag it el i 1 bigagarticular

appld dEvienucdudrar ger adimuﬂhﬁtx‘ﬁgerrﬁ&éjﬁ%@ nfuUbRaGdrogen, can be
chanber gas in the desired direction for the benefit

usest- heat transfer, cau5|ng turbul ent gas contact with

therﬁ OGHE Lindis @ruéé’ gRhange PSS ALAYh which a

lver reqwre emstry
high velocity gas stream tends to follow an adjacent surface along

which it is flowing. The high wvelocity stream creates a low
pressure area along the stream that acts to entrain gaé 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
capable of moving at least 10 times, and preferably 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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to the product. The high volunme gas flowin the

chanber provided by the eductors al so provides uniform
wheab/oes9st ri buti on within the chanber for unifBPeTUS2005/031375

heati ng of the product. Thesslot eductor is capable of

noving at least 10 tinmes, and preferably at [east 20

ti e femabé yvothare lehggas of t ihe t heothardberptt hbgrsts 10 times

i ntroduced into the chanmber. via.the eductar .
TreRGEH el B FTETHE | HGER O LERGS LY, Ofs A |Whety in cross-
sectdohi.mes great ehat has thergeeat@sh Wil s @ndfally will

the slot in crosssection. A slot that is shorter than

nott Rispilraisgt Anganeraftgiont | vabimeayfi @se tionbg effective.
S“fﬁj{ Gl ent M8l«§'”%n°fa1‘%ae5rfnta%i@% exf{rescfﬁdrh"e £ FLE; e‘bu%g%‘é’s that is
an alternafive versi on of an eductor that is forned by

fortleel | bynetheorjpehedal ¢erridr amd12@8 oi8t kend ukfaceft the furnace

chanber. A gas nozzle 16 is positioned at the top of
chafie Toorh i AP THLS olifces BORTGROVEROEEL JI&t feim @k the corner
anddastdbangekhe ﬁ@gne{zemﬁt@r@tm [NGalRg aWdhly the corner edge
portions. A further enbodinent is illustrated in Fig.

ands ogivgrenti iagnwazl erasti@npositi oned at the top of a
wal,| fur nmb a high.yel ogci :
gl <ErEhisy  GRASERENRTRRS 2H1.83458800 ORINE) OF Mherein
nozgarerabl s i pesatt patdd bn aHe otopheoff oaega@llg of the furnace

enbodi nents, the hi elocity jet causes gas fro

h t he
ChagRerb ™t o*BeS BNt Faiitéd i HHgh FEFOERt §Ostir€dm from the

nozzQ% Rd iGa 1@ Ofihhe gaseaRd1¢i Sihehet ARNOT Th&11 of the
anplified gas within the chanber. The atnosphere in
forelge ingr rabeddiemiser itdet yWickalvelogiity dret rusqgasgas from the

chafiped ag i EEOQSEt%'ﬁ&QO”i & acf?".”"?{i@%“ %1?0%%?0“&& eam for

Or “processi ng ow%en‘pera?ure cofired ceramcs (LT f

ampdnd iekbhebncerant be pyaductrsl adils f oibyriomessf nghieuedmplified gas
..cells. FoEl ocessi ng powder netals, the atnosphere is

withomy Che ¢ é%ﬁﬁbi nation of hydrogen and nitrogen. For

SO P W RRSKshede At ARSPREERaABY B@mber is typically air, an
inert gas such as nitrogen qr 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 1is typically a combination of
hydrogen and nitrogen. For some purposes, the atmosphere may be
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 use of the
invention. The one or more eductors can also provide forced
convection cooling of the product.

The number of slot eductors and their positioning within a

furnace chamber is determined to provide an intended gas flow
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wat er vapor with or w thout other gas. As noted above,
the one or nore slot eductors introduce gas into the
wo coosaesorhanber and provide anplificati on andpCT/US2005/031375
circulation of the gas to achi eve an intended
uniformty of furnace atnosphere and tenperature to
patpidmrh itthé her pduttisudar mehanbart stbhepnedyroceswdd came temperature
xposed. Tenperature upjformty of about 3.5C can _be
and By SH5y THTER5T The P hoGHEFBRE THE oHB 6P hofgating of the
preiut! achtedmeal SO oy dadf gogedncFaveckixpbsaoel bAgtak product
t he product. The nunber of slot eductors and their
Lo gd§ t93nieRy WwePARRta Thenadecepaniitay ike fheaatiefednt goncert or

nayP Y1 86e AR Lt gﬂd%d A% chle RN dd ﬁi@vig?étéﬁuhﬁ’&ended gas
chanmber to produce a uniformtenperature and gas
floendnr arimentl aitd onhepathamher Féor e xamp g m tHeatddugtofrst ke one side

product contai ned therein and f.or uni form exposure of .
of P At T e s BT SRR P dRaaEEe Srnkpe opposite
sidee et ethaibegOnger brof BN PECOPRIHLHUMNY repeated cycles

swi tched manner to provide an intended gas flow or

of QR A%SEon pattern. For exanple, the eductors on one

Si dﬁé)flr?ﬂréﬁ{flwecéggadge%xﬁﬂé@%&f a0 Wb!ﬂf%w 8‘@'“859&1% type or

on the opposite si anber are o and vice
contadms®wudur tyige r épeated oyltemsoftopenati gartilmlar products or

i nvention can be enbodi ed in vari ety .of batch type .
matSE O | oL y B TUPRaCe SYCt o€ § 6U0i ¢ 8Pt clPapeacturing
redWio@HEn® sQI ABfeFhats tPsbemprecessme and dDagrdrmatic form in

. other manufacturing requirements. A furnace systemis ,
Flgshdwn A nf Whinafarffeiae If dOmiisn gangtrected far haée a quantity of
maﬂgyﬁgﬁy é¥) fbﬁﬁgggrﬁgtsg tAe ﬂggl YgegbggdpfAssociated with

materials or products to be thermafly processed.
theAsSuouiaatee dcheintdent hies faurhneecel rchaserce 32 tlesdt imgy be of one or

source 32 that my be of3gne or qgre types.. A_%?s
MO ppYEe3a B VA oS BRAY viTa tRECBHETr Iftbr & 'dauber §nge OF more
edddx dre FauraeeeCiarhgeet Ohfoyt deo ahrAtimRs phel@modphR@e in the

chanber suitable for processing of the particul ar ‘
chomhedr i aritgple 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 furnace

chamber separate from the chamber heated by microwave energy since
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products. A controller 38 governs the operation of the

gas supply and the heating source and is typically a
worz@eso2899t rol | er or conputer. The heating sourPRET/Us2005/031375

enpl oy convection heaters, Tadiation heaters, or

m crowave heaters or conbinations thereof. M crowave
theheasuanly tadisnit dlkyebe amsl oyade f of déBiledinngamiide or other

sinteri .appl.icatig f_.m crowave heating and
ma?ﬁgﬁﬁﬁch%ﬁggel ed Fﬁ§%%Y% %#%ﬁ%ékiﬁeThe non- nm cr owave

soumee Haustie conmad i 38 eid ocavor il Lenalny edont e6 V@YW E38 during
reflections or absorption in the furnace chanher. ,
theriiatalng fYetowhle PREYEARg 3ar NGRS dyitrmal Profile and to

prcAe il O Realh Dendr { hehsPEn S NaRDhe Ifat@diAtd 09y products
heating is to be enployed, the radiant heaters nust
thnpnghlouwy behé¢ nhgatdngacwadiganbBre sbpacang facsmnaehelis controlled

chanb heat ed by m_crowave ener i ncet he ,usual :
WL alt heRCSrS ar e HaGE of " siT1CORUAIbi de dr offfer Particular
mat@tien ar phodlct Sbeing opayee shsdr phtviediddhetheatbfgosition of

source 32 is controlled by controller 38 during the
theh@gitiedd ady éne £6SpPBePEeCaM3 i ended thermal profile

and, ox QU VE Gl | QIR UL SOl T 880 O L08son in Fig. 7
materials or products throughout the heating cycle.

forTheoh&athhggsotr crangt idont o6l et eduirdlsy the pe ogesscessed. The

rurppele® ddhaccordance with,thg particular MRl Al O reriar a2
SESEUCTOBE HE Dr D BS5EE" I ncPudi iy FHE % ohiposiR 1 ofF Jfater

thathe si@treundks atHei tsushaRe @hamdsg. AMbatgh furmaee hearth 46
chanber is shown in cross section in Fig.

7 f
SUBRGHLA 1 AN Ghaht ¢F yTF TRt | 45 1o Be ProEessed: The hearth

can! NSe f HORAELACUPT b S&ApheUsi NGl eNELOST B8own) which can be
insulative material 42 that surrounds the furnace

nmovedthrdpra o, irk d utlmeacehdrgzgt hakd Soppoed sdawguard i ty af position
in TS 23 Bkl R EEsRloa Tl DERLAIERN A spe pearch s
outBived dpwend ifotAatbecabapber rafd lowened dawnelshdihg of the
préédg%%lghoglevator 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 éection of the chamber. (Only one side is illustrated in Fig.
7.) Terminals 54 are connectable to a suitable electrical power
source. The number and configuration of the heaters can vary to
suit 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. Each of the eductors is fed with gas from a gas

source and which is provided to a gas jet or nozzle 58 disposed in
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in which the hearth and the product contained on the
hearth is outside of the furnace chanber for | oading
wanacomdseadi ng of the product. An el evat or neche@nUsIms/ 031375
(not shown) is enployed to $rove the hearth between
upper and | ower positions. The el evator nechani sm nmay
an | REdY ohe bhrenbpef| 6ggtseres Gheotdhambescdnigms top end of
n i 0t rt.. Eliectrical ater ar LS
e o8 e e nihber and BPeTeads shgbindagtion of the
furdmama hemibetti.ng 52 retained in the roof section of the
chanber. (Only one side is illustrated in Fig. 7.)
TerihaPs BRTSr ORSIARESt dbl eS¥ ool stipransl é%@ct}ﬁaﬁatlh 46 from
onePOWRHe S CEhe ThE AMIRer t@ndneonddigak akiign ofad hequctor 60 is
heaters can vary to suit the intended heating
di speped dmehe. s$det wadllcedl 8coBt srachliegpbsed tihe e@ening 47. The
' ft e._( ne side is illustrated
cafiddifed 2 (S eat A of YUY O TS Rbosta SR i 05
Pateath $,d85fl4che fassigeed eaeh eddct assagnese sifdethe present
bei ng gene aﬁﬂg in line with an _eductor on the
d E

inv FLACOPSERR Qdudtdid iiS FHCHRIrYRd herein by

refldr@RR .9a%,eSQUECB raRd r®hbSbn i Sg P OVigled, {R A t98S UGBl the hearth
or nozzle 58 disposed i nan opening in the roof section

projfidehe ehiasidatiaont hathopheprbloftheerastiidt drogl one side of the
ich j t _or. near t roof. ,sect. of ,the furpace
fu%ﬂ%ﬁ%ﬂéﬁ% er to %%e Jy%er.%ld ?%eggg 8h€ﬁ§8 Qﬁﬁeeductors 60

€ or nore openi ngs 4 n 5gh
opedeard h 46 feamearte siieh ofthidie shebesdtiocdhe osberto provide

side.. An eductor 60 is disposed in the side wall

LeHHALEN Bactt el of2Ph¥15PeRi Hf e =haftRe e dtt BFN68VE s intended
unigro%g&?glox RchBleat¥PE SHYCLOE ASHSNANN td) tieSp BaLERL

6, assigned to the assignee of the present
i nventiagrecardbavee dihsclhaglr ¢edciivchaiss filpwofpomatbe eductors

cal P51 U SASIENBE. I p1e 18 LA IENLRRRAL sgg, che ces
st gl b lh€acthibnommanei stwleatofort Ref fulien@ee®. Ratios of the
voﬁﬁ%gﬂ%%re%%r%q%egtggg SHQE ggsgégi:%H?qﬁﬁg'v;TE%ee%%CE%Bthed‘gas
of up to 50:1 can be achieved. Preferably, a ratio of at least
10:1 and more preferably at least 20:1 1is achieved for good
furnace operation.

In one embodiment, the eductors can be operated 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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operate in concert with the slot eductors 56 to
provide recirculation of the gas within the chanber to
w@edicers9T nt ended uniformty of tenperature anechEs2005/031375
exposure to the product. A% noted above, the high
velocity gas flow fromthe eductors causes entrai nnent
theofggasnbaztbe daur aaced change ittt othdée ggas sdzekem and the high
anplification and circul ation of the gas. Ratigs of

operRé PGl HAMPSEAENERS dd R W%aqees@%%t tPo e A @igimeer other

cor@hniRhBekede 988 Phg URHSD FQirhacan bRaRSdd evéfkough the nozzle
Preferably, a ratio of at least 10:1 and nore

asspréflar.ably at |east 20:1 is achieved for good furnace

op tiaon, ln_qne enbod nent , the dg g% g
opgﬁg?e 44 Ct%ﬁ%pléﬁ%htar%§9ﬂaﬁﬁ%r 5 # Fgvide forced

confviel® iloft efdbaﬂlrigheoﬁduaéomo@mzc@neswrﬁea@f dulaengurtm@cecool down
chanber are on, while the eductors on the opp05|
Poriigd G { Ro [IEHHBer Gl f f TEodaehe! Hskt TFpie the eductors is

cont'ijiﬂrl%@I vid h%oﬁ@ﬁﬁéEhQH Qfltthhec@r%f:cgpr%f' Stﬁﬁﬁéﬁgd seources to

such that the - formally off eductors are on
achh@wmeabyloneedadtcaseawé ¢¢¢llﬁ@upﬁMUhawmnqd@gt

operation t he ductors rOV|des fur unlform
of e AnBEmhorati thin PR Tharter Sy Teabon g s furnace

chagidler na:&l digterméukat arey ﬁkew@atlmsl imtértteaecof bagodELow pattern
the nozzles to the slot eductors are not conpletely
Wlt@H@tt@ﬁfChB@Peﬁr89|@%hhegﬁmﬂwezﬁﬁﬂﬂﬁs%ﬁe JEEPEILGRIre uniformity

an&3@%1%%&%Ygggogﬁv§f%ﬁﬁeﬁﬁ||Tﬁé‘%%r§ﬁbéﬂ¥ﬂﬂIT?lﬁ%%rQ@éél?n Fig. 7

to avoid danage to the gas nozzle at the high
is epematliamy tfenperrs uryse off tihetur flaceaead Tle avoventien can be

ot her c ntan1nants ent.er.i he f ur nace chanb
empgﬁ’ry Sgh ™ K2 q?orzzqyéma?sset[rlbkﬁ/tc he RS or S @ hn al gho%e having a
fixeplyeti o pooVvisdael anerdigentectitonisoabtngqcdfedsaey to have

product such as during the cool down portion of a
edugierital 6% yat eshoaie HasFitow'ir 6 the efifctloyey jgan be provided

sol%qa} g,lslt;ﬁg 5RoE0BEYALLEON: M £k cAMHRle faitifRe heat

The materials or products to be processed are retained in a
suitable support assembly. One typicai 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 be processed at a single
time within the furnace chamber. The support assembly can be of
other types such as a suitably configured rack for holding
particular products or items to be 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 also be embodied in a continuous thermal

process and system. In such a system a product is conveyed along a
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15

achi eve an intended rate of cooling of the product.
The nunber and arrangenent of eductors in the furnace
W@ baxioesy9i s determ ned to provide an intended BeEUb1005031375
pattern within the chanber 190 achi eve the requisite
tenperature uniformty and uni form gas environnent.
fufﬁa@eacham@emewhlbhlU§ptaabﬁyi¢aﬁ4npvé7Muita;amph@m¢sfmb provide

one type of batch furnac The invention can

an S 6{%& PE200RGr A Fpeool dBé(PcﬁYF&?nHEéghsﬁléhsﬁétable for the

parithesa ahaymgua tf iorethahtearth. bEthSg%c@g@@Q' MBAESsiibt eductors
IS not necessary to have eductors 60 as shown in Fig.

cany be gonfiguyes! Midhicaryhse fplmar:eedhgmb@rylbysmélgromanner as

tars h ri.al s

o SAHEERY SabB AN UIRGIEL Loy e HBLOLA) S48 gmpiisica g

vokmm@pooheassembky e@netbdypi cah d0goniaf aﬂnumg@dlaiang the length
tra av | e conpartnents for r ective, itenms

of {ig egb’f’bac‘g%g‘g}éa %92550% ng? 3t HERA ‘F C Bheh bR FBS chamber

alddg thge otfn%acéuqher{d@{ 3uci! abi Ve Yehange %%&H&yr@ furnace
items can be processed at a single time within the

atrfagiohgee disariedng Thishedppor thessahbbgtcanepensprother front end

of LWYRES %%%h as a suitably configured rack for hol ding

artlcular products or itens to be processed. For sone
punpmseSnw@nm30useﬁel hotsabdwiled tlhienipreetlutty bethaeenhas been
upper. and | ower 8 gs or ,other_supports to prevent

parE AR SBP P aNAr DABEE LORR T rE4 HE TSy Cyc P, embodied in

batH R0t iRabder s ypeeriBeec-of & el dflOb R @likdbns and in
capabl e of wi thstanding the operating tenperatures of

sinde fachavd tiThenenfennaons cahhal sy ad i@fbsdined lise e utilized

mt%on{'%@yét hSEm?Jon%g/%%S%% $%RECH, 'n'fbvse“gﬁ ucts into and
system a product 1S conveye ong af'ur nace anber

outWi fc it Hey piwaldae aan ﬂ'lﬁ\/c!brmdyt iflceluzaBse bett@epnofudeags sections
i nt ended heat i ng and cle which is suitable

Or § gPNERe pdrt itul BreLT tlBFeﬁ%\X’@rl@atbeFH‘@ fnvention should
corPrRFRedneThE1S! Qb1 8HHCHRH Ss&dhe Ry GRS IPpeedicW LhhAms.

the furnace chanber in simlar nmanner as



10

15

20

25

30

descri bed above to provide uniform heating and
anplified gas volune. One or nore eductors can al so be
wa@eooangser al ong the length of the furnace chanmber/usmos/031375
propel gas resident withinithe chanber al ong the
furnace length such as to ensure that dirty furnace
at nosphere i s being pushed CbAIMg exhaust area near
Whthe_ fraont, end.of a furnace. The invention is not to be
35 mi% &0 BY'Sthde *has been particul arly shown and
descri bed. The invention can be enbodied in batch and
continuous type furnaces of various constructions and
L.in %i%gqteenar%rmmeirr@éﬁ@ PUPAAEESNT Thet ¢ Pl | IMRIEIP1Ng:
al s (i At Lery.o eyer '
to %D@gﬁdoédlﬁ&%% TRt %Ogﬁg%%hﬁ go? {)ﬁg{?&u’r n%c%é?;ér: 0 e or
mo 10 NMEeEl] I Gauc t=s flonehaweencheamhaeewselein ottse dfurzaites hdusing;
is therefore intended that t i nvention shoul d
CortbrOHEE s 5 SRS BrePPSande s LhpE o Y HA iR For
supp Mpatleati sl s ebabaedhésmally grsosdfum for
thermally processing materials conprising: a furnace
housiMRpiEdirIcsingg rssetone hor bert ablte drrteriadsy ein the
g . f ace chanmber within the furnace
fu%ucléﬁsncg; aegfdp%glrlat assenbly di sposable in the furnace
chantbereddr gupEdolti rglucherndt.epoats 1w dbevdheramldopf surface
processed; a heating source.qperative to he the . .
Of [ilt%ri TS o RECET FACBTORANBoFL TGP Lo dats@agharithin the
fusifie @iy, ditsR0sed i Baacwel! i Qr cémin Sl fane WiftH Re gas
furnace chanber to provide circulation of gas wthin
SURmiY f ur nace chanber, the slot eductor in conmunication
with a gas supply. 2 . The systemof claim1l1l , wherein
the sl ot eductor conprises a slot disposed in the wall
2. of The dytwace fchdalier landhexeéndthg slot eductor comprises a

slot disposed in the wall of the furnace chamber and extending
from the roof of the furnace chamber downwardly, and a gas inlet
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. The system of claim 2, wherein the gas inlet provides a

conical jet of gas.

4. The system of claim 2, wherein the gas inlet provides a

sheet of gas.

5. The system of claim 2, wherein the slot has a length at
least 10 times greater than a largest cross-sectional dimension of

the slot.
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fromthe roof of the furnace chanber downwardly, and a
gas inlet disposed at the top of the slot to provide
whe@k/oyeboci ty gas along the slot to entrai n gesST/UR2005e31375
furnace chanber to provide1hi gh volune circul ati on of
gas within the furnace chanber. 3 . The system of
6. cl ama 2 s,ysm«mr ebfi thbagas 4,nl etheprdawi desea sbot cdlag eta cross-
of, ga system claim?2 , wherein the gas ,
sy, Gon GaSH Lhder SDPtgats BT yRL BRI ai firouLar,
curded Wen@lighthe igkal Basvashgpgih at least 10 tines
greater than a Iargest cross-sectional dinension of
the slot.6 . The systemof claim2 , wherein the slot
ha c& CLiko onf i gHy. n at S
7're§¥§%gd$§§§ﬁcétcgﬁglﬁ ?urve é?%gﬁn% sié% 8@%Pises a corner
betWesdmapech wallsToE $heténrnéceIGMamer mhereln t he sl ot
conprises a corner between two walls of the furnace
chanber. 8 . The systemof claim1 , further
8. CONMd Syt e RIfUAkIitY 10f fﬁk@ﬁeﬁd@@rﬁﬁff‘sn% a B&irality of
systemof claim1l , furt her conprising a plurality of

- slafl idusdgatsors on first and second sides of the furnace

chanmber for providing a uniformgas atnosphere in the
furnace chanber. 10. The systemof claim9 , further
9. corﬂmé siyyyem ldarctllaimalpl dnathey @cﬁmm‘l‘sﬂrtmsa @dnﬁmijjm}/ of

t hr h the he rth fromone side, of the furn
S1Qh AR o LOEREr 2BPARCoPRE ot fa rfdod eafpamber for
proMIediel (?n d h@ ifloHalbbky a0hoshRE r £dUE LS mrfadestcr@%er '
second sides of the furnace chanber are arranged in

pairs, each pair of sl ot eductors aligned on

10 re$ﬁ§§té9§%é%l%%$ rougﬁﬁ?ﬁﬁgﬁcégwgggsfﬂérhz%earth a

respecti-ve openlng t
plurality of openings extending through the hearth from one side

of 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.
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11. The system of claim 10, further conprising a
plurality of tubular eductors each disposed in a

wo eappegopve si dewal | opening of the furnace hopeT/mg0a5B1375
confronting a respective op&ning through the hearth.
12. The systemof claim 11, wherein the tubul ar
eductors each includes a tubular body having a nozzle

3 oii5B Y SGE8 PhLGLERS Fur REEE EhaER L P poedotger

opeQ@lttrl&len t@asohBrbhet helr §as es ghsnpealo tthepreanicderhi gh
volume circul ation of gas within the furnace
chanber.13. The systemof claim1 , further conprising
14 @ t Q)| e eqtos I 9as, Supp
4 th§9§6u315%5 %2.E?%%Msisteﬁfgﬁégl%ééﬁif ,§¥ﬁrt%§%tEgller
opeatpviesitng canconir ohé eheaper@tsamerde teomroglidehen intended

h d t ended t her mal fil
heGlipng AT ROR: FHG-BJct o a5t e St em of olai i 14,

wherein the controller is operative to control the gas
flow of the slot eductors. 16. The systemof claim1l
15.whéthes §Yehers Pét céaa@t bfis vakp%rwertdtq ety Pl dé operative
c e 0 | s during a
to q%%%%%% gpg 8ghe?ﬁg cyc e. f%a?f%gIsy§$%n1of claim1
, Including at |east one slot eductor on each side of
the furna ¢e ch r.an peratjve .in tern tin
16 il By o GRAEaAT of TGP TELR s D T SACahienare
opéﬁ%&HQ%rt@nﬁréﬂhaérﬂbb@@&lé&h&gcﬂﬁBﬁ'Hﬂdﬂﬂd@ of t8e MBeerials
systemof claim1 , wherein the heating source
duriipgl @desréaenopindreherset r¢xaley energized heaters
di sposed in the furnace chanber . 19. The system of
claim1 , wherein the heating source includes one or
17 .normhemsysaway e fthedtémsldi spobeding dthe dagthace slot eductor

n %g%ﬁgggdgﬁgﬁbgpgiiggaggéoéhéﬁgggnshd 3@3?5 lvetg% alternating
manner to provide uniform circulation of gas in the chamber and

uniform heating of the materials.

18. The system 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.



10

15

bat ch furnace operative to have material s | oaded
therein for processing and unl oaded after
wEe@eas®INg. 21. The systemof claim 1 , wherei PCT/082005/031375
furnace chanmber is in a con#i nuous furnace operative
to have materials conveyed therethrough during a
21. pr Wessivsgenyolfe claim Thewbgseem dfe clwimade chemregi is in a
e suppart assenbl¥8 ncluges an eleyator hearth

co ace ive ??%ﬁ]?a eﬁ%ﬁ%f gnw%yed

I1m)vea e be Ween V8"
thand toadiuyt @hrﬁ&beal@k&cé@sbﬁgtbﬁ&ﬂ@]|y processed, and
an upper position for disposing the materials in the
furnace chanber. 23. The systemof claiml , wherein

22 theppd oty QAT GAFRN hSegnarfPhtind alpgdia vg@étenghy includes

the furnace chamber “exteénding fromthe roof of
an fajavade rcthasiyeh doverkLdl Heteeen aa gevarzrss tdicgpdoed loading
the of th iop of the wall.in the roof to
an e R o BPE PRy Bao o b TN B (S 1" e <1 an upper
postdilort tfoentdrlep@sgag tRet et &L HABSELC rtafdJefrurtr@d@ Qhath®er.
hi gh volune circulation of gas within the furnace
chanber.

23. The system of claim 1, 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 provide high volume circulation of gas within

the furnace chamber.



