OVERHUNG ROTARY TUBE FURNACE Cross- Reference to
Rel ated Applications [0001] This application clains
wo b@ohsgsed it of U. S. Provisional Patent Appli cBECT/O8200002833

61/ 127,423, filed May 13, 2008. The entire content of

such application is incorporated by reference herein.

Technical Field 0002 The present invention relates

to rotary tUQ¥HE BQ'BARN JVBE FURNAGEe treat nent

of various naterrals and, nore particularly, to an

over hung rotary tube furnace. Background Art [0003]
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It is known that graphite nay be used as one of the

construction materials in such furnaces. It is also

known that furnaces opgf, gml&g F?éldeXt reme tenperatures

frequently require tha nt of the materi al
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of the furnace, it my also react with the oxygen and

air at extrenely high tenperatures. Thus, it is known

to provide an inert atBacksreund Artvel opi ng t he graphite
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be carrvéd Gt i %F ﬁédﬁﬁ%sﬁﬂ@e, such as a non-oxidizing atmosphere, to avoid undesired
reactions. In addition, when graphite is used as part of the furnace, it may also react with the
oxygen and air at extremely high temperatures. Thus, it is known to provide an inert
atmosphere enveloping the graphite furnace equipment as well as the material being

processed.

Disclosure of the Invention

[0004] With parenthetical reference to corresponding parts, portions or surfaces of the
disclosed embodiment, merely for the purposes of illustration and not by way of limitation,
the present invention provides a rotary tube furnace (1) comprising an insulated heating
chamber (4), the insulated heating chamber having a product discharge outlet (21) and a
process tube inlet (39), a heating element (14) operatively arranged to selectively heat the
heating chamber, a generally horizontally extending process tube (2) supported for rotation
relative to the heating chamber, the process tube having a first portion (36) generally

arranged outside of the heating chamber and a cantilevered second portion (37) extending



heati ng chanber, a generally horizontally extendi ng
process tube (2) supported for rotation relative to
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vasin e M Lors R Bl Bonh S 1 oenaing
aroundgg% ‘gﬁsé {Br%g% 8302 pré¥Rsd ABES anf it B/1RdEEAl REMbrqB) connected to the
collar and the drive motor, and a pair of rollers (9) supporting the cylindrical member,
wherein the cylindrical member provides counterbalance to the cantilevered second portion
of the process tube. The process tube may be inclined from the discharge end to the first
portion.

[0006] In another aspect, the invention provides a rotary tube furnace comprising a heating
zone (48) comprising an insulated heating chamber having a product discharge outlet and a

process tube inlet, a heating element operatively arranged to selectively heat the heating zone,

a generally horizontally extending process tube supported for rotation relative to the heating



around the first portion of the process tube, an outer
cylindrical nmenber (5) connected to the collar and the
waleiova3ased or, and a pair of rollers (9) supporkCTyS1008002833

cylindrical menber, whereimthe cylindrical nmenber
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[0011] Another object is to provide an improved rotary tube furnace where material flow is
not blocked by undesired material build-up.
[0012] These and other objects and advantages will become apparent from the foregoing

and ongoing written specification, the drawings, and the claims.

Brief Description of the Drawings

[0013] Fig. 1 is sectional view of a first embodiment of the rotary tube furnace of the

present invention.



[0008] One object is to provide an inproved rotary
tube furnace that provides the materials being
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is a partial longitudinal vertical sectional view of
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rotary tube furnace shown in Fig. 1. Description_ of )
the severadfdeawing figviesdiasrsuehs elp@ns] poxtions er surfases maytbesfusiier described
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integraP @hitt] WiHleddl othetWiRCRdicatdds it @atvingstdre dntghdudt tot teread (e.g., cross-
_several drawi ng figures, as such elenents, portions_or,
hatching, ﬁﬂa@&%n%@f%ﬂﬁwfph%ﬁmée@?ﬁf?@o &tr.) together with the specification, and

are to be considered a portion of the entire written description of this invention. As used in

the following description, the terms "horizontal", "vertical", "left", "right", "up" and "down",
as well as adjectival and adverbial derivatives thereof (e.g., "horizontally", "rightwardly",
"upwardly", etc.), simply refer to the orientation of the illustrated structure as the particular
drawing figure faces the reader. Similarly, the terms "inwardly" and "outwardly" generally
refer to the orientation of a surface relative to its axis of elongation, or axis of rotation, as
appropriate.

[0020] Referring now to the drawings, and more particularly to Fig. 1 thereof, this
invention provides an improved rotary tube furnace, of which a first embodiment is generally
indicated at 1. As shown, furnace 1 generally includes an insulated heating chamber 4, a
heating element 14 operatively arranged to selectively heat the heating chamber, a
horizontally-extending graphite process tube 2 elongated along axis x-x and supported for
rotation about axis x-x, a feed mechanism 40 configured and arranged to feed product into

process tube 2, and a bearing assembly 41 operating between a support frame 34 and process

tube 2 that supports process tube 2 and transmits rotational torque to process tube 2.



or explained by the entire witten specification, of
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into  MUGRIR efempertamg; Fongs rw@ ibyn inslation parriens; to g, fop, greater
temperéﬁ?{%%ffnéﬁﬂg a?ﬁl‘f'sd thR l Q?h ! u;‘ﬂﬁ'l'éi‘gd i Ppﬁtl&{edaas desired

résrs erla as sta
to prosl‘deedt cohstamh eenfeedtarer dd'oegmmdltheriteatlnglﬂmlnat oror Jpirovide multiple
gh te tur ul ati on, such as forned carbon
temperﬁ?“ﬁ"e?"‘l?? aiarqqﬁmge fibrous insulation. Heating

[0023] ¢ M e1ehesg éha‘}r% Al iRSluabea ‘ﬁﬁm‘E@f §f ﬁ&@/&nréxrw aMapead | r)eﬂlF processed
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chamber 25 and is t%/us separately heated. A liner 23 may be provided in discharge chute 22
to facilitate movement of material being processed. Accordingly, discharge chute 22 is
separately heated to prevent melted material exiting process tube 2 from prematurely cooling
and sticking to discharge chute 22 or its liner 23. Discharge chute 22 may feed a
solidification unit or some other conventional collection device.

[0024] Process tube 2 extends into heating chamber 4 through process tube inlet 39.
Process tube 2 is generally a cylindrical graphite or quartz member elongated along axis x-x

and adapted to rotate about axis x-x. As shown, process tube 2 extends from the entrance or



i nductively heated using conventional induction coils
30 and graphite susceptor 31. Heating chanber 4 al so

W@ owasesso a hi ghly conductive graphite nmuffl e RE[/USINOLN2833
separates the area in whicho material is discharged
fromprocess tube 2 fromheating elenents 14. This

. separati of heating el enents 14 d.t he process ar
drive sgeiQA7 RLAKTRS LiuspdReang ahakbasd of Mg dealipd FrotipBAf of fumace 1.
. Tines ' v Cneul . .
whil 30 L AR U32enb 0 ool L AU Bt v 2 i
tilted fyorh hoatzontaltot aid tiee momemerit afonatenals almdugh ptogast tubs@. In addition,

it LSS Rl AR08 SISl o IE ) S bR hed o
two or DRI RRErcHnARYe R cHb statbd, AbPerditld ol &idu8 @Bﬁiiéér’dtf‘i&ls, such as the

zones separated by insulation barriers to allow for
total lepgtarauined mpdrthe specifie frequiitaments PHaach sestion rd the dwknt Also, the

.14 may be. powered and itioned desi,red t i .
materig 4R (3 OPR i GPSHEP St P JGN e, SRR, o1 (i 84S0 in the
furnacé,Owith @vd SRR bf RILR 2 apRRiast of hsaRARS plul 13 BeinFarhetal rather than

profiling. [0023] Heating chanber 4 1ncludes a nunber

graphitsf segtionss b theopreferradaembpdiment i thbe gr ivehislse @n dpnerslingsed. In the

, flo f h I .ng .chanber t | 8C .
TR R -
secondCibehehy 3¢ Ririnkl nofagaphite ok Retinsit] oucheas kilivuh ecaftfide, alumina or

_ Chute heating el enents 25 heat chute heating chapper
mullite depauydingrer ¢ppsiderations sugheasshe matarialifieigprosciedt Lingr 3 may be a

Secondcr}ﬂy cﬁ*sa&?ﬁﬁgl%hﬁhi{ehus separately heated. A |liner 23
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types of feeders may also be employed. For example, a reciprocating scoop type feeder may

be used, in which scoops of material are fed into the hot zone one scoop at a time.

[0026] The length of feeder tube 6 may vary as desired. For example, in the embodiment
shown in Fig. 6, feeder tube 6 extends into only the first portion 36 of tube 2, terminating
well before portion 37 of process tube 2 and inlet 39 to heating chamber 4. In this
embodiment, an insulating baffle 13 is not employed. Alternatively, as shown in Figs. 1 and
2, feeder tube 6 may extend into portion 37 of process tube 2 and terminate just beyond inlet
39 of heating chamber 4. In this embodiment, an insulating baffle 13 is provided between the

outer cylindrical surface of feeder tube 6 and the inner cylindrical surface of liner 3 in process
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cantlleivrar@dapqr@@n i3d ior g chambep doredupes rhrehkelhepd p}fo@ég%lal sticking
n t
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[0028]r eQ’LspﬁlfRﬁ?i IlﬁgFrgsolepaﬁd/pE preester tubay?2 e sm@pohed nnvrﬂts (chntllevered

onentain%ﬁf’@nﬁ.r%@teﬁ?%%é b?m“é%s%%g# bt I esrenoediBent bRagg aspmbly 4

compr%és Qﬁg)'tcg gk a)F Eetﬁ%gﬁ%gﬁocke@ %Iﬁﬁp&s&ﬁgm | §procket 50 is

extensrnt y the first
in tumrnmhec:wd f6mefal titeo®a. 2Tire¢«$ atenarh cgnneetdd togiroress pthetz with flexible

370 roc t 2
collars426, |VH11€ p@?ﬁc’tg’m cgonal agr;’l% (I)r{1 Itheet ou?igr gu?fab:g %tf Ifn &

on %% of process
tube 2 while taking up any thermal expansion differences between process tube 2 and collar
26. The flexibility in collar 26 is provided by means of multiple springs 32 acting between
sections of cylindrical collar 26. In this embodiment, collar 26 is connected to tire 5 by
connecting rod 33. Thus, drive motor 35 and assembly 8 rotate sprocket 50 and, in turn, tire
54. Rotation of tire 5a about axis x-x causes rotation of collar 26 and, in turn, rotation of
process tube 2 about axis x-x.

[0029] As shown on Fig. 3, two steel trunnion rollers 9 connected to frame 34 rotationally
support each metal tire 5. Tire 5a closest to feeder 7 is weighted sufficiently to counter the

weight of the overhung or cantilevered portion 37 of tube 2. The weight of tire Sa is



enbodi nent, an insulating baffle 13 is not enpl oyed.
Alternatively, as shown in Figs. 1 and 2, feeder tube
W@ 20004138834 end i nto portion 37 of process tube PCEHN{2009/002833
term nate just beyond inlet8 39 of heating chanber 4.
In this enbodinent, an insulating baffle 13 is
provi ded between the outer cylindrical surface of
suffici¢niepir onlybl® eounier eantilevared peytiomdri efapropgss sthe ¢f but also any

addltlogﬁp Welg?l’ltlaglsﬂlr Oé‘gl%? % 2(} (%)tﬂery giulﬁﬂgépggx LP?{}% gtﬁ%{lﬁ Rollers 9

suppox’ﬁﬁglttira gibCafiéll]%ﬁltloﬂed Bathet fudcrambpsihtrbetivestn mhmﬁrsn portism 34 and the
and 2. hi this enbodinent, a feed tube the barri er

cantileyred GopnA HRLPIPBISS THES oThE YA of dacics AR Buogiaiegonnectors is
such ﬂ}ecﬁ( n&fiﬁ:lr Bﬁg a?ﬁgtnggoc%E?ﬁgg ;2 dlo yg-x 19!&3t %eﬁgeelg]l tires 5a and

eril elng throu
5b. T}flsﬁpbbesfslmliiﬁ: ﬁdoe'Ehws tipiofif ﬁlblrelk&HbAdlbtmng mﬂtlennayalalsm positioned

e fed dlrectly |nto the heate art ocess tube
on drwz tie(eA9] ek&mgam ep%%té%rso wgs 3 hpglz‘%'ngl[%fﬂpea xSy While a
twin t&e{ﬁea?iﬂg g%lf ﬂ?&es@gﬁ@d‘td hRVEHhESHIRRAL OB cdrftemplated that
ten ree roug

inlet 39 into héating
other behanger drive ﬁb&mbhdsenayb@emplweé has a first porti on 36
eral | nber 4. an

100301218 pPerplioSal BRRGHBBHBR oA 3 PTERAHANE o PIRIFG: noi oxidizing
porY

atmospHefcS tsu€iPhd h%héé%%%%gbﬁ‘ g8 a@fosphére, MERdalting chRAABBES aftd process
and ternminating at a di scharge end 38 within heating

tube 2c hamemhodlmms epirandedSsofpracash &ybeck isianelosed ing gr surrounded by, a
chambgr ot?gl:}ﬁt o th S aarlplPse el e%ugtlﬁnﬁl terFQ(ﬂ’l chjan{b%r 4, this entrance

chambégahd fdwéh&gé Q%énﬂﬂy? e Toih tahQ’.lntlo@ﬁl&Stb I’i@alﬂfaﬁﬂﬁieLHeR:cted atmosphere
meltin In addition, because the material is

aroundy pad: (4B dPrPeesn t&b%cjnaTlgee iptgHOn AtraPsphetse oD Profess (tue 2 may be

consollo B850 KM, L0 FASOAE S dhaRIBagg . 1 o

currenfgsfidvoiy debiréd glas iy prmvhledtthmggh‘ panti@roffecliee tubedt andedits heating

erial, being pro t hereby au3|n [ S
chambyigd, riagh BOCES Ve Saif coupey igwds dexitey dipseRaot @%W can be
| S t
ek ARG B GRAEO YL IR0 0 1 g e s
Furthetrmgre; henom-loxtdwzmg] eatmoispheral thay dre goawided énnbesting adw;ber 4 by

a5 e R AL ot B Shr 2 SO T v 1

into hé'afl‘ﬁl%' bl?a\ﬁ%e?ch Orhﬁﬁﬁd‘ﬁﬂoﬁn a2B6kire@t AhRApNért Nmbye ael Pﬁbvxded in feed
asseénbly 41. In this enbodi nent, bearing assenb

mechamempﬂ using anlﬁbi&rm boppriidecSisdlarly, a degired Ia@nosgbelw intentrance or
arive sEEOEAT R ARTRR pfweBRIrRH Pl B b9, cHRR, plipl giternate
atmosph€red A€ @Rémbhte Rarréntfidwis mhag bk Rhfployed in furnace 1.

[0031] Overhung graphite rotary tube furnace 1 may be used to process various types of
feed material, including particulate material. For example, furnace 1 may be used to process
silicon particulate material, with the silicon particulate material melting inside quartz lined
process tube 2 and exiting through discharge assembly 21 as a liquid. Furnace 1 is generally
suitable for the treatment of particulate material which melts at temperatures as high as
2600°C. The preferred temperature range of furnace 1 is from about 1200°C-2200°C. For
silicon processing the preferred temperature is about 1500°C and the material may be fed

directly into the heated and cantilevered section 37 of processing tube 2 to melt.



collars 26, which maintain frictional grip on the
outer surface of first portion 36 of process tube 2
wokiobasesaki ng up any thermal expansion differ ePCEES2009/002833
bet ween process tube 2 and ol lar 26. The flexibility
in collar 26 is provided by nmeans of nultiple springs
32 acting between sections of cylindrical collar _26,
[0032]1 n Tihhipsesenbistyention corsemplatesbati mary, ghangee and gnqdifigations may be

by.,.connect.i,n d . [ r
ot LSRR, By T B, Bl e s e
shown Rt afeb&ibed] and & QumdenbDalterfatives Miscussed spersomstskilledninahis art will

collar 26 and, in turn, rotation of process tube 2 .
readilyagrpieciaigi thatxvarious @ddisionalschanggiarsh madgficagons fayshemade without

drurig BB ACHER GFOATE S Sk el i o

claimsi S Wei ghted sufficiently to counter the weight of the
overhung or cantilevered portion 37 of tube 2. The
wei ght of tire 5a issufficient not only to counter
cantil evered portion 37 of process tube 2, but also
any additional weight arising fromliner 3 or other
equi pment on process tube 2. Rollers 9 supporting tire
5b are positioned at the ful crum point between the
first portion 36 and the cantil evered portion 37 of
process tube 2. The weight of tires 5 and associ at ed
connectors is such that the center of gravity of
process tube 2 along axis x-x is |ocated between tires
5a and 5b. Thus, process tube 2 does not tip off the
rollers. Alocating roller my al so be positioned on
drive tire 5a to help maintain the position of tube 2a
horizontally along axis x-x. Wiile a twin tire bearing
assenbly 4 1 has been described in this enbodinent, it
is contenplated that other bearing or drive assenblies
may be enpl oyed. [0030] In operation at high
tenperatures, it is often preferred to nmaintain a
non- oxi di zi ng at nosphere, such as a nitrogen or argon
gas at nosphere, in heating chanber 4 and process tube
2. In this enbodinent, entrance 43 of process tube 2
is enclosed in, or surrounded by, a chanber for the
contai nnent of atnosphere, dust and light. Heating
chanber 4, this entrance chanber, and di scharge
assenbly 2 1 forman enclosure to maintain the
sel ected at nosphere around and within process tube 2.
The interior atnosphere of process tube 2 may be
controll ed by passing a non-oxidizing gas, such as
nitrogen for exanple, through it. If a cocurrent gas
flowis desired, gas is provided through port 17 of
feeder tube 6 and exits heating



chanber 4 through process vent 20. If counter flowis
desired, the direction of flow can be reversed. A
w@ownt1aa83d | ow of non-oxi di zi ng gas i n di schar geCT/n81089/002833

22 may al so be provided. Fufthernore, a non-oxidizing
at nosphere nmay be provided in heating chanber 4 by
mai ntai ning a positive pressure of gas through heating
chanber 4 using gas passaféaimgs 16 into heating
chanber 4. In addition, a desired atnosphere may be
provided in feed nmechanism4 1 using inlet 18 in

What ifeRRREd 52. Simlarly, a desired atnosphere in entrance
or drive section 47 may be provided through drive area
gas port 19. Thus, multiple alternate atnospheres and

altern t .may be enployed in furnace 1.
1. [%6%%%%%03%8}12{%% > rotary tube furnace 1 may be
usddslfted hostmpchdmbengus types of feed material,
including particulate material. For exanple, furnace 1
raid insulated hepting charabar havingcs Rrosduet ﬂ@éragﬁeeow@eﬂaq process tube
wth the silicon particulate material nelting inside
quartz |ined process tube 2 and exiting through
di Isating genreasepdrhtyvely drrasged tb sejectivelyheat azid heating chamber;
general |y suitahle for,. the treatnent of rticul ate . .
rFagedieradly mzeﬂtaﬂw&en&tngtrgﬁﬁ?éﬁ am%@Pa%eCﬁflogﬁ%?ﬁon rélative to said

. The preferred tenperature range of furnace 1

mmnn%s roﬁﬁabout 1200C- 2200C. For silicon processing the ‘
paif process tubephavingua dirstspertiontget&@lp @reangded loutsidet of paifl heating

chambgrgt bqe) % vglferdgé:eglg%cglgé] 'On:eggzgggl%:fgodrprg%ﬂ.ffrg%igﬁ/-%g %aid heating
chambB SRIGBIminBAYR n LisHARSLERI within shidHeafiBOYhaphtgrges and

modi fications may be made. Therefore, while the
pr fes@ mechanisre cenfigited andramanged do fagdpadugt inie Aeid Proress tube; and

B S o BB PR L BAA o s

proces@fiibe @ad abefifuied aNdaranfedad duppornalid ploeeganbamit transmit rotational
nodi fi cati ons may be nade w thout departing fromthe

torque &phsaid prasesstthee.i nvent i on, as defined and di fferenti ated
by the following clainms.Clains What is clainmed is: 1.
A rotary tube furnace conprising: an insul ated heating
2. Chrmbary tubaifomiaces sdt dorddd ilhelaim hgwhdreintsaid lreating gh@mber comprises:

roduct _di scharge outl et and a process tube inlet;
pan outer shgll; g P

inlet;

a heat conductive muffle; and

~ an insulation layer between said outer shell and said muffle.

3. The rotary tube furnace set forth in claim 1, wherein said heating chamber comprises
a gas inlet and a gas outlet operatively arranged to maintain a selected gas atmosphere around

said process tube in said heating chamber.

4, The rotary tube furnace set forth in claim 1, wherein said product discharge outlet
comprises a discharge chute and a discharge heating element operatively arranged to

selectively heat said discharge chute.



a heating elenment operatively arranged to sel ectively
heat sai d heating chanber; a generally horizontally
we@xaenstsay process tube supported for rotati onPCEUSI00%@2833
to said heating chanber; sald process tube having a
first portion generally arranged outside of said
heati ng chanber and a cantil evered second portion )
5.  éRteenataryg tiheo flurpaded séti farth poralaion 1, nwbersimi daidehedting element is

o5 BTl SRR G 20 Rebllcetus

arranged to feed product into said process tube; and a

beari ng assenbly operating between a support, nmenber

6. gkt sethry tubesfurpaget sein fasth dai daigy ds ewbereimsaignpeating element is
configured an r [ .
opera R R ER s ML BBl BB P ABSATRED AR, Cous
2. The rotary tube furnace set forth in claim1,
wherei n said heati ng chanmber conprises;, an out
14

) r . .
7. <t otary tipefurmagmeriderth an ak | owherkth Seif heruie sloresnt is a graphite

. [ said outer shell and said nuffle. 3. The
Ie&ma%%%%?? ?%%@spbrnace set forth in claiml, wherein said
heati ng chanber conprises a gas inlet and a gas outl et
operati vel rranged.t o maintain sel ect ed gas .
8. ol e, Rt EaiAT TGS | ¢ NBE SISk AR sl Fmgnt comprises
inducti%ﬁ%&ﬁ?ﬁnd 4 grapfifte 5RLAptYr.t ube furnace set forth in claim
1, erel n-sald product discharge outlet conprises a
di scharge chute and a di scharge heating el enent

5. sy S0t BirbR8 S rast A 1. bl R BRets i erophite o

quartzi N claim 1, wherein said heating elenment is
operatively arranged to selectively heat said heating
chanber to at |east 1200 degrees Celsius. 6. The

10. L@gﬁa{%&gﬁ)@eng%bgc%gs%éggé%@? \rclzfeap'n ) v%e% i ds%{d m%Fs%i tibe %})glprises a

| .
y arrangle o selective
liner. heat sai d heating chanber to about 2600 degrees
Celsius. 7. The rotary tube furnace set forth in claim
1, wherein said heating elenent is a graphite

"B gitid A 1aiof? 10, Merk B @idiriel REqato 1 CBramic.
1. S@-t?el I?‘oa?? ﬁﬁ]len c g??net?!) el;lgllnﬁ 1%’ai rﬁlegt |f né] ee llgg?re nt amie
conpri ses
12. The rotary tube furnace set forth in claim 1, wherein said process tube comprises two

or more tube sections.

13.  The rotary tube furnace set forth in claim 1, wherein said feed mechanism comprises a

feeder communicating with a feeder tube that extends into said process tube.

14. The rotary tube furnace set forth in claim 13, wherein said feeder tube extends
through said first portion of said process tube and terminates at a feed discharge end within

said heating chamber.

15.  The rotary tube furnace set forth in claim 14, and further comprising an insulating

baffle between said feeder tube and said process tube.



i nduction coils and a graphite susceptor. 9. The
rotary tube furnace set forth in claiml, wherein said
wWEe@oa3s3t ube i s graphite or quartz. 10. The rPCHD$2009/002833
tube furnace set forth in dtaim1l, wherein said
process tube conprises a liner. 11. The rotary tube
furnace set forth in claim 10, wherein said liner is
16. qﬂmmm tubednmace set forth mh@mmﬂarwhqrmesard#Méu@eétomprlses a gas
in c er.e 0
port opeRiy Apnste lpeciebfiveis fonide 8 B ARREE o WBfuEERRER Howm of gas
ﬂlrougﬁggldfp%debstuaecl aim1, wherei n said feed rrechanl sm
conprises a feeder communicating with a feeder tube
that extends into said process tube. 14. The rotary
7 I
17 G olaty B tufBls o ot T 1 etein AR SoaPing Bunbly comprises:
o @desmotoppe and ternmnates at a feed di scharge end
within said heatin chanber 15, .The rotary

oy innereleadhle ColareXIGHOEIEATPNELSAIch ERt PORICRY S@SrP;S??°§? e
RA | tsHidEdrVe
pr oclgs S ygihgﬁ&i E&T rﬂrtL e c?%% ary q? E%dQ:oLlr%ﬁ%{?;toss gitg for ?‘ﬁ&% had
od ﬁalmﬂrallemfmpmmng aaid cybedieral mebdeconpri ses a gas

port operatiyv arra ed to sel ectivel rovi de

Cherei et IR DER DR AP ERES Fr T Bhante B A (e second
ponio@i;psge@%ogygg%b;? The rotary tube furnace set forth in

claim

wherei n said bearing assenbly conprises: a
drive motor; an inner flexible collar extending around

5. SOh¢ e R S ol SES B AR nlned o

said dlgcqi_a%edéddvtg salatfist podign.a pair of rollers supporting
sai d cylindrical nenber; wherein said cylindrical

nenber provi des counterbalance to said cantil evered
RC Q0.0 rocess tube. 18. The rotary
19. Bgﬁ%&ﬁéce gcetéoﬁo&tsgn ‘'n claim1l1, wherein said

pd BERH donb&ohprisihgl dmdgulhtedrheatingl cHambéraiayingea praduct discharge
said first portion.
outlet and a process tube inlet;

a heating element operatively arranged to selectively heat said heating chamber;

a generally horizontally extending process tube supported for rotation relative to said
heating chamber and having a feed entrance end and a product discharge end;

a feed mechanism configured and arranged to feed product into said process tube;

a bearing assembly operating between a support member and said process tube and
configured and arranged to support said process tube and transmit rotational torque to said
process tube; and

said process tube and said bearing assembly configured and arranged such that said

product discharge end is within said heating zone.

20.  The rotary tube furnace set forth in claim 19, wherein said heating zone comprises:
an outer shell;
a heat conductive muffle; and

an insulation layer between said outer shell and said muffle.



19. A rotary tube furnace conprising: a heating zone
conprising an insul ated heati ng chanber having a
w@e@duses3di scharge outl et and a process tube i PCBUS2089/002833
heati ng el enent operativel y3arranged to sel ectively
heat said heating chanber; a generally horizontally
ext endi ng process tube supported for rotation relative
2]1. tThewtaly bzt funmace betrforth imoldirh 49 whersinf ssédiheatingashsmbenepmprises
.and a product discharge end; a feed. nechani sm
2 825 QG B ORISR RUTR AT RS LB MR G fe PR bRsptgosphere around
said prBbQS Btk ih WG hetiREMNY assenbl y operating between a
support nenber and sai d process tube and confi gured
and arranged to support said process tube and transmt

ratational, tarque t I d_proc t.ube: and i .
2. Pt Tt R il 50 dp RIR L igh B e tisghpree ouder
comprk$ aNdfdhirge hcHubfdtand ah AddiBeHAekeC hedlinC BRn@mt edp@rdtbrely arranged to
wi thin said heating zone. 20. The rotary tube furnace
selectively heagrsaid discharge ¢hut®, wherein said heating zone
conprises: an outer shell; a heat conductive nuffle;
and an insulation | ayer between said outer shell and
23.  SPEhe révdfyf Ingbe2 furnddee setofaatly in whemf U nadereetsaid hestingn element is

claim19, wherein said heating chanber co | ses a .
operativelyearranae tp wiastinelyi et B bealing@Pye i stdsrgbheddeprees Celsius.
mai ntain a sel ected gas atnosphere around said process
tube in said heating zone. 22. The rotary tube furnace
24. SHie fromtyh tuibe Giraace 34, fotieieichisaild, vheductsall deatamgyelement is

TR N T TR Ty

heat said discharge chute. 23. The rotary tube furnace

set forth in claim19, wherein said heating elenent is )
25.. OPler adtanyetupeafursacgesst tfortl ah eadaimmy dPy wheeein saiddh¢nsiagi ¢lgment is a

.Zone to at I.east 1200 degrees Celsius. 24. The rotary
graphlfeJB%‘StPﬁ‘f‘ UDEEEMBEt h in claim 19, wherein said

heating el enent is operatively arranged to selectively

heat said heating zone to about 2600 deqgrees Cel si us. .
26.  2Bhe mitary teheafuynacgiset fonthniastaimek9, mhergin paid hieating gloment comprises

induct¥A%o8k Bnd § Ig(rjaptf'ﬁ:“‘tcail tsbs%%pt%'r.enent IS a

27. The rotary tube furnace set forth in claim 19, wherein said process tube is graphite.

28.  The rotary tube furnace set forth in claim 19, wherein said process tube comprises a

liner.
29.  The rotary tube furnace set forth in claim 28, wherein said liner is quartz or ceramic.

30. The rotary tube furnace set forth in claim 19, wherein said process tube comprises two

or more tube sections.

31.  The rotary tube furnace set forth in claim 19, wherein said feed mechanism comprises

a feeder communicating with a feeder tube that extends into said process tube.



graphite resistance heating elenent. 26. The rotary
tube furnace set forth in claim19, wherein said
whe@viseg3el enent conpri ses i nduction coils andP@r/Uus2009/002833
graphite susceptor. 27. Thd4rotary tube furnace set
forth in claim19, wherein said process tube is
graphite. 28. The rotary tube furnace set forth in
32. ClThei mtdr9, tubbefueace st dorth doedaim (e wengni saik feeder rfube extends

29...The rotary.tube furnace t, farth i ' 8 ‘s
throughh S A i ek Prandg, pae Angerraipaes ol a g8 fiytiree end within
saidheﬁf?ﬁ%fé’net. ube furnace set forth in claim19, wherein

sald process tube conprises two or nore tube sections.
31. The rotary tube furnace set forth in claim19,

erein saj d.feed i.sm, CO is f eeder . . . .
33 Rl B0 e PRI Thoey 5, MERFE RYEPrisipg an insulating
baffle SetivlerP$¢ &k Aer tuBE aksaid Proces @by, t ube furnace set
forth in claim 31, wherein said feeder tube extends

t hrough sai d process tube feed entrance zone and

t-er.m nat f IS . L4 hd ' j ;
4. Biedolh T hurfhor 3B rHIDE AAHE 1 S e Lol BRI SnlRLC B of said
processSSfibeaathprised hgas porppeatingy anranpaditoatelevg velgfirbeide a co-current or

bet ween, sai d feeder tuhe and said process tube. 34.
counterrpTery dlowy of gasdhroyeh said PEREST BPEh in clai m 19, wherein

said feed entrance end of said process tube conprises

a gas port operatively arranged to sel ectively provide
35. deorctary ¢ute Gurnsceusete fortiurineclaing | Wy whergins saidr g@grng assembly

sai d process tube. 35. The rotary tube furnace set
Comprisgyth in claim19, wherein said bearing assenbly

PRI §for; a drive notor; an inner flexible collar

ext endi ng around said process tube; an outer

aplinnetrflexible nelidrextendinperow] said processdabdar and to

said. drive,nptor: .and a i . Of. 1. .
2 it ot e Safh i 1o S BlipEhi B RR e Hotors and
SEpaif O folledsuppating $8d cyhirdredah neditdr.pr ocess tube is
inclined fromsaid product discharge end to said feed

entrance end.
36.  The rotary tube furnace set forth in claim 19, wherein said process tube is inclined

from said product discharge end to said feed entrance end.

37.  Arotary tube furnace comprising:

an insulated heating chamber;

said insulated heating chamber having a product discharge outlet and a process tube
inlet;

a heating element operatively arranged to selectively heat said heating chamber;

a generally horizontally extending process tube supported for rotation relative to said
heating chamber and having a feed entrance end portion and a product discharge end portion;

a feed mechanism configured and arranged to feed product into said process tube;

said feed mechanism comprising a feeder communicating with a feeder tube that
extends through said process tube inlet of said heating chamber;

said feeder tube comprising an end portion that extends into said heating chamber

and terminates within said heating chamber;



37. Arotary tube furnace conprising: an insul ated
heating chanber; said insul ated heating chanber having
w@2@pasksed di scharge outlet and a process tubeP@TiUS1009/602833
heati ng el enent operativel ySarranged to sel ectively
heat said heating chanber; a generally horizontally
ext endi ng process tube supported for rotation relative
t saids feiederitebe havang h sheomal bardethat\shidgend poetesh; end r ance end
porti on and roduct di scharge en ortion; a.feed
o bt AR, e Var ASJREPT greruiss 4B SRid BSPess gube and
configifdthndl SF83ed e/ REpporeéAd pRAEsITRIVE M SFAMSAIMoAtiond] forque to said
feeder comrunicating with a feeder tube that extends
process lubsugh sai d process tube inlet of said heating
chanber; said feeder tube conprising an end portion
that extends into said heating chanber and term nates
38.  Whdidasaiube Famatd Setcloamiliarclsiai 97, arflrtHet RBmpai¥ing indinsulating
thermal barrier at said end portion; and a bearing
baffle betsvean 53id dessentuba gnd saidpsoress Bi9pport nenber and sai d
process tube and configured and arranged to support
said process tube and transnmit rotational torque to
39. SHhélrqagcads futthee s8Bfortbhin tlaimriy, twHeeeih waihpmdset discharge end
Cforth in claim37, and further conprising an
portion pksaidiproggssiuby iscapliley@tet sai d feeder tube and said
process tube. 39. The rotary tube furnace set forth in
clai m 37, wherein said product discharge end portion
of said process tube is cantilevered.



