
WO 2006/028997 PCT/Q',fi2005!03 4 3'r.  TITLE OP 'P1S; lNVEPd'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 TI
.;.C. ]19(r:l  U.. Prop ion: _ Patent. Appli.Cat Oil No. ':l)i601,F,81, fi.].ec'
Se ember 2004, the dis oscrc: cf whrch i ,co ora p _ _ed by  reference
lherei_n. 10 STATEMENT REGARDING F DERAbLY SPONSORED
RESEARCH OR  DEVELOPMENT  N /A 1f BACKGROUND OF THE
INVENTION In the _.ss_ng of materials such as c ramiec, Cher a':.  uni
forilI_ is often required to achieve un.forn, heating of the  product and
minim e opportunities for di=ortion, bending c- ,-cracking of the product by
reason of uneven heating. IA system is 20 shown in US Parr_nt
Publication No. US 2009-0173608 Al fUS Patent  Application No. i0/ Q0.,
J a ig'ned to the saIRc assignee as the. present application, wherein
uniform heating is prov_ded by one 01- more eductors in }be: furnace
chambs why C. produce hi 'n G VOA. UIfliv Ua`-3 circulation in the furnace
to achieve a highly un orm cas  25 environme-t and temperature. The one
or more edu t rs can also be  employed for forced convection cooling of a
product.. The one 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 temperature unitorcit and control and can oro,ride ~ a  thermal
ur.formity of abonL 2.5C Curing the Process cycle. 



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
furnace chamber. For puro ,es of the present application the  term "clot
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 can he of v- shape, rectangular shape or curved
shape.  Alternatively, the eductor slot can he provided by the corner of
joined walls of the furnace chamber, or can be. provided by  directing a
high velocity stream along a portion of the wall  itself without any physical
slot. As the eductors are provided in is or on the furnace wails themselves,
there are no constraints on  furnace construction due to placement of tube
type eductors.  Eductor can be provided in the furnace chamber where
tube:  eductors would not fit or would not be operationally practical.
Tim-,., the invention eliminates the need for added tubes; of other  20
oquipme i in the furnace to provide the eductor structures. The invention is
particularly useful in patch 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 no he uneven. The invention
can also he employed in 25 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 30 T.
invention will be more fully described 1. the following  j~-'--n:11P_ "i e';crl
~fion taken in con-junstion with the drawings in  w.h.lch: WO 2006/028997
nE..{~LS2001103130  



3 F_..;. 1 is a cutaway isometric view of one e,nod_ment oI. a. at eduator
a _. rrdi rig to ncc: Lnventi_on; F I 1 iE 7 Cttf.aJ c ,.evatann view of t h e e
lG-_ edll Cu>  On Fig.. . FiI 3 a cu,-away ..Some- -].C view of another
embodi ment of  a .,tot enactor according to the invention; in. Z is an
_.:ometric , ew of a slo . educ'-C)r formed as  corner: r15 two wall
surfaces; Fig. 5 is an isometric view of an eductor_ forriod along a  10
portion of a wall surface; Fag. F. To a block diagram of a furnace system
acc:ording Lo  the invention; and ij. , is a sectional elevation view of a b
tch furnace chamber in accordance watt, the invention.  15 DETAILED
DESCRIPTION OP 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. P. slot 10 of rectangular
cross 20 section: as formed in a wall 12 of a furnace chamber. The slot
has  a downwardly sloping bottom end "-9 that provides a bevel or -,amp
to the wall surface 12 an the lower portion of the slot. The upper  end of
the slot is at the roof section of the furnace chambe: at  which a q as inlet
or nozzle 16 is positioned for intro uction of 25 nigh vei city gas downward
along the length of th scot. 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 Lhc slog into the  chamber. The length and cr_os, sectional
dimensions of the slot can JI0 be. provi deal to achieve an intended
degree of (ids amplification aril  ci_rculat.ion within a furnace chamber of a
particular  



i_in[ lementat i on. WO 2006/028997 Pi`T/'US2005;031375  The slot may
ne of any crro ection;a. shape an ., no-- I innt.ed to t ;e reclanquiar
confiquration iii us in the  mnodimen of Figs. 1 and 2. The- r :ctanou ar sh
r'erm l r E iaLively ea y fabr tcaticy; by sawing or ut ' n_ _r into r ,(v was ~
of  5 the furnace chamber, which are, usually of refractory brick  material.
The y"i can be, for example, of ;,hap:,. An ,'.ircrnati.ve  embodiment of the
sl educlo_ is shown in Fiq. _ereih the slot  11 - semi. i culai.- cross
-section. Alternatively t..:e slot could  have an arc of other than 180 and
can be of noncircula- shape. 10 The nozzle or feed. gas inlet can be
arranged to provide an  incoming qas stream of any desired configuration.
For enamp]e, a  conical jet can be provided, in another em cdimen+_, the
-jet cauf_v  he rectangular to create a sheet of gas. The cross-sectional
shape  of the associated slot eductor and the shape of the gas jet can be
15 selected for compatibility. Any gas suitable for the particular
application, such as air, nitrogen, argon, or hydrogen, can be  used. The
slot etuctor.s make use of the Coanda effect in which a  high velocity gas
stream tends to follow an adjacent surface along  20 which, it is flowinc.
The high velocity stream creates a low pressure area alone the stream
that acts to entrain gas from the  chamber into the stream, :hereby
amplifying the volume of gas  being moved. The eductor utilizes the
energy of the incoming high  velocity gas -,-o move much larger amountE
of resident furnace  2 ._. chamber gas in the desired direction for the
benefit of heat transfer, causing turbulent gas contact with she product in
the  chamber to enhance out-gassing and to deliver required chemistry  to
the product. The nigh volume gas flow in the chambe- prop-de_  



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
of gee within the chamber than is intros aced  Ito tti :ham er is the ec e* or
rc _e, W0 2006/028997 147f/US2005/03 i375, ?i eferab _y the length o[_
the slot is at i.east. 10 ( times  gteate than he grea_<,t width dimension of
. Slot in cross- section. sJ-ossL is shorter Than 'his length qcn ally will  0
%t. c-t Ojai ^tite in a Sul ticieltt t o,,,mE e:f Oct_ to be Cf CeC LJe, .. Fig. 4
shows a;.. alternative J2.-Clan. at an a-doctor that. .__.  formed by the
oined cornea we]. t s 18 and 20 of the fur sac  of J r. chamber s gas onzl
is positioned a the top of the corner  and ] n troduces a high velocity
stream. of gas along the c-corner edge  and confronting wall portions. 10
R further embodiment is illustrated in Fig, S wherein a  nozzle 1; is
positioned at the Cop of a wall of the furnace  chamber and causes a high
velocity gas ream to flow from the  nozzle along the wall in a generally
linear att. in all of the  foregoing embodiments, the high velocity jet causes
gas from the 15 chamber s_ be entrained into the high velocity stream for
ampli_fica=ion of the gas and distribution of the amplified gas  within the
chamber. The atmosphere in the furnace chamber is typical'  air, an  inert
gas such as nitrogen, Or argon, or a combination thereof lor  2C
processing low temperature cofired ceramics (LTC:C) and other ceramic
products and for' processing fuel calls. For processing  powder metals, the
atmosphere is typically a combination of  hydrogen and nitrogen. For
some purposes, she atmosphere may be  water vapor with Or without
other gas. As noted above, the one or  



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
!_3.5 can be achieved by use of the  30 1rvent.ion, The. one Or more
educ Ors can als : provide forcec,  col vecti :r cooling o the product. The
number of slo'_ eductors and Qei ,osii,rnLnq W'_h_n e  furnace chamber
d :nixed _ provide an Wended gas flow NW 20961028997 PC H /L
52005/031375  (i tern the particular chamber no produce a ar far-n temper
re  and gas environment in the chamber for uniform heating of We  oduct
contained therein and for uniform exposure of the product to the gas
environment. The eductor.s may be ope fed i.n concert or  `S may be
operated in a switched manner to provide an intended gas  flow or
circulation t l nern or example, the e_dl -tors on one ,roe  of a furnace
chamber may be on while the eductors on ',lire op~oo : ite  side of the
chamber are off, and vice versa during repeated cycles  of operation. 10
The invention can be embodied in a variety of batch type or  continuous
type furnace systems to suit particular products or  materials t.o be
processed and to suit other manufacturing  requirements. furnace system
is shown in diagrammatic form in  Fig, 6. A furnace chamber 30 is
constructed so hold a quantity of 15 materials or products to be thermally
processed. Associated with  the furnace chamber is a heating source 32
that may be of one or  more types. .4 gas supply 34 provides gas via the
one or more  edu:tor5 36 to '.she furnace chamber to provide an
P':osph-re in the  chamber suitable for processing of the particular
materials or 20 products. A contro'1er 33 governs the operation of the gas
supply  



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
suitably he employed for debinaing 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 he employed with 30 convection hea_inc in the same
chamber. If radial on he--,tine is to  employed, the radiant heaters musm
usually be _. a urnacc  chamber separa7e trot: the chamber heated by
microwave merge el-)cc WO 2006/028997 PC17U52005M3137:C  7 one
usual radiant heaters HrEn made of con carbide or ozhe  a eri.a i which _s
microwave absorptive Ti,< heating source W is con, ro ~,le,I I, c:on r. _c-_
38 ch 'inc  the heating cycle to provide an intended thermal profile and ~..
5 provide uniform volumetric heating of the materials or products  throll
bout g the heat_ng cycle. The heating source is con .mod  rro ~  ring the
process _e in a ,_ardancr w:i, t1- t _,articuiar  material or p uct b-inc
processed including th' costosition of  the material and shape or mass. 10
A hatch furnace chamber is shown in cross section in Fig.  for containing a
quantity of materials to be processed. The  furnace comprises a housing
4C enclosing insulatire material 42  than surrounds the furnace chamber
44. it, furnace 



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 furnace chamber for Loading and unloading of the  p cduct. An
elevator mechanism (not howr? Is employed to move: the 20 hearth
between Upper and lower Positions. The elevator mechanism  may
include one or more lea 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. (Onl- side is __11'S_ra`e ,~ ~ one _ in Fig.  25 j 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. i...ot educators 56 are disposed in each sidewa W of the  _u
nace. (Only one side is !iluscrated in Fig. 7) A plurality of  30 eductors
disposed alone each side of the furnace, u ~. .. edsctor  Or: one side }
^_.ino generally in line with an :doctor On tn'  opposite side Each the
eductoIs is fed s,i_h gas. from a gas  source and is pr )sided to. a gas jet
n_- nozzle 58 dl AV O 2006/02W)9,' PCI7 U S20t5/03 Y 371  3 an :p r tnq
In the roof sec" 011 Of the chamber an the too and of..  one elector SiOL
which is at or near T nu roof ,,ti,, of Ile  fur.nas: chamber tine or more
openi.nds extend through the hear'_l, 46 irorr~  



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 -errnq X17. she -actor is prefer bey
tube tyre eductor as ;sown in O.S.  Patent 795, 196, assigned to the
assignee of the cresen'_.  invention and the disclosure of which is
incorporated herein by 10 reference. The one or more openings 47
provided through the hearth  provide a. circulation path through the hearth
from one side of the  farnace chamber z o the other side of the chamber.
The eductor.s 60  operate concert wish the slot eductors 56 to provide
recirculation of the gas ,:thin the chamber to achieve intended  ].S
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 qas  stream and amplification and
circulation of the gas. Ratios of the  volume of entrained gas with respect
to the volume of injec ed gas 20 of up to 50:1 can be achieved. Preferably,
a ratio of at least  10:1 and more preferably at least 20:_ is achieved for
good  furnace operation. In one embodiment, the ed :tors can be
opera..ed in  complementary manner such that for one time interval the
eo_ctors  on one -de of the furnace chamber are on, while the eoucto_s
on  the opposite side of the chamber are off. For the next time erval, toe
operation of the eductors is reversed such thar_ the  formally off eductors
are on, while the formerly on edu _o.rs are  off. The alternating opera ion
of the eductors provides fu:t er 30 sn _rormi _. of the atI- sphere within the
chamber be reason of the  alternating circuLarorv flow paths. in the off
mode, the nozzles  to the slot eiu.tor are not comply ely hot off. cut
provide a  small amount of gas flow, typically about by of fill flow, -.. cool
i1,0 2006/028997 PCTAM2005/03137,  t, gas nozzle to avoid . 1a rage.
no; the gas rl le a the uigl',  



op-yntinq ter. aratores of a Iurr 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
such as during the cool dour  'rlo tion oi- a t rma. cycle. _ he u as now flow
the eC-11.C{-.GrS con rod. led in conjunc-i.on with control of she heat
sources no  achieve an intended rate of cooling of the product. 10 The.
number and arrangement of eau tors in the furl ac  chamber is determined
to provide an intended gas  flow pattern  within the Chamber co achieve
the requisite temperature 1 ". formi tyy  and uniform gas environment. The
arrangement illustrated in Fig.  is exemplary for one type of batch furnace.
The invention can be 15 employed in other types of batch furnaces such
as chose having a  fixed hearth. For some embodiments it is not
necessary to have  eductors 6C as shown in Fig. 7, as the gas flow can be
provided  sc-ei_ by the slot eductc_rs in the furnace walls. The mater a'_s
or x -cauc_ to be processed arc rata d in  20 suitable support assembly.
one typical form of support is a t  pp ray having multiple comoar ments for
respective items to be processed the 'gays being stackable, one on top of
the other,, such that a  relatively large quantity of ..r alil5 can be
processed at a si.*. ,ae  time within the furnace chamber. The support
assembly can be of  25 other LyCes such as a a,, b-, o,`_ia'ared rac:2 for
7cidn;- oar_ncular products or items to processed. For some purposes  is
usefu- to sandwich the product between upper and lower plates  



or other supports to prevent distortion of the product during the  heat in l g
cycle. The p-oduot holders are made of E refractory  30 r. i er:,a'_.
capable of wi .'_and -, ,-.h.. )3 iera`lr?fj te:[tpJr d"-1-1 L'-i Of -CI e  urnace.
. _h i_vention can :lac be embodied in a continuous lhermal  p .ess and
system.. In :ucr a ,:step ' a prod i _ in,cyed along ~. 1NO 2000/028997
PC'F/OS2 005103 13 75  10 Furnace chamber which tyacaily can have
multiple zones to provide  an intended heating and cool down cycle which
is suitable for 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
volume. One or more eductors can also be arranged along the length  of
the furnace chamber to propel gas resident within the chamber  along the
furnace length such as to ensure that dirty furnace  atmosphere is being
pushed to the exhaust area near the front end  10 of a furnace. The
invention is not be limited by what has been  particularly shown and
described. The invention can be embodied in  batch and continuous type
furnaces of various constructions and in  single ana multi zone furnaces.
The invention can also be uti'l'ized 15 with a variety of conveyer
mechanisms to move products into and  out of the furnace or to convey
products between furnace sections  Cr zones. is `:therefore intended _ha
the invention should  comprehe t the full spirit and scone. of the appended
claims. 11  CLAIMS  What is claimed is: 



1. A system for thermally processing materials comprising: 5 a furnace
housing comprising a bottom, a roof and one or more walls, and a
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 operative to heat the materials in
the furnace chamber; and  10 at least one slot eductor disposed in a wall
or roof surface of the furnace  chamber to provide circulation of gas within
the furnace chamber, the slot eductor in  communication 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
outlet end, and 15 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  20
open to the furnace chamber to exhaust gas into the furnace chamber, to
provide  high volume 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,
and the gas  25 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. The
system of claim 1, wherein the gas inlet provides a conical jet of gas.  30
4. The system of claim 1, wherein the gas inlet provides a sheet of gas.
Li..OYD W1 E--:  12 5. The system of claim 1, wherein the slot has a
length at least 10 times greater  than a largest cross-sectional 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,
straight-sided, or V-shaped. 7. The system of claim 1, wherein the slot
comprises a corner between two walls of  



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
plurality of slot eductors on first and  second sides of the furnace chamber
for providing a uniform gas atmosphere in the  furnace chamber. 15 10.
The system of claim 9, further comprising a hearth, a 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  20 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 25 respective opening through the hearth. 12. The
system of claim 11, wherein the tubular eduetors 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 30 provide high volume circulation of gaswithin the
furnace chamber. 13. The system of claim 1, further comprising a
controller operative to control the LLOYi7 `NNL  13 gas supply to the
eductor. 14. The system of claim 1, further comprising a controller
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
controller is operative to control the gas  flow of the slot eductors. 16. The
system of claim 1, wherein the slot eductors are operative to provide
forced  10 convection cooling of the materials during a portion of a thermal
cycle. 17. The system of claim 1, including at least one slot eductor on
each side of the  furnace chamber and operative in alternating manner to
provide uniform circulation of  gas in the chamber and uniform heating of
the materials. 



15 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
20 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.  25 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 30
thermally processed, and an upper position for disposing the materials in
the furnace  chamber. i_t1)YYD L$E.  14 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 5 provide high volume circulation of gas within the
furnace chamber. 


